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BACKGROUND RESULTS

The Psychomotor Vigilance Test (PVT) is a widely used tool for the assessment of fatigue (Dinges

& Powell, 1985). It consists of a series of measurements of simple reaction time to a visual w0 . -] o]

stimulus; fatigue is associated with “lapses,” typically defined as reaction times in excess of 500 3 4 - -

milliseconds. Although the original PVT consisted of a 10 minute data collection period, shorter %”“’ i 2o £l i

intervals have been show to be adequate (Loh et al., 2004). H % % "Ip .
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We have developed a version of the PVT that runs on Apple Computer iOS devices such as the gmn . -

iPad, iPhone, and iPod Touch. Here we present the results of a study done to validate the reaction i aubiect ATt ) aubiect AT ) aubiect AT

times reported by the software. . . . . . . . . . . . .
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the stimulus (a white square). The square
was replaced by the program's estimate of
the reaction time after detection of a touch
event.

In addition to the stimulus-off and touch times estimated from the video recordings, the iPod
software estimates the reaction time by sampling the master clock at stimulus-on and touch-down
times (“device RT” in the plots above). On the left we see that this estimate is highly correlated
with the stimulus-off time, with the disappearance of the stimulus sometimes delayed by one
display refresh (16.7 milliseconds). (The one outlier point corresponds to the last trial when the
operating system animates a transition to the next screen.) The red point in the scatterplots
corresponds to the sample trial shown to the left.

The center and right panels show the touch times plotted against the device RT and the stimulus-
off time. Here we see that the touch is not registered by the software until an average of 70
milliseconds after the finger first makes contact with the screen. More troubling that the absolute
latency (which can be calibrated away) is the variability, which limits the ultimate precision of
reaction time measurements made with this technology. The data from all subjects is summarized
below. For each subject, the boxes are centered on the mean, with the inner red box indicating +2
S.E.M., and the gray box indicating 1 standard deviation. The upper and lower tick marks
indicate the maximum and minimum errors observed.

150
’G T
g 90 —‘7 —‘7 —‘7
£
& CL b T 111
B e L g o
£ T+ L
L L L J— J* L L was computed for 50,000 mndmn‘
permutations of the data, and compared to
30 — the value for the data shown at lefi (15
indicated by red arrow above). The result
demonstrate that thee ar subject-
dependent factors affecting the latency of
the touch sereen, perhaps related to skin
o~—rT 7T 1 T 1 T 1 T T T T T T _ ™=
A1l A12 A13 A14 A15 A16 A17 A18 A19 A20 A21 A22 A23
Subject
CONCLUSIONS
Stimulus onset and offset times 100 200
were determined by computing the Hand-held mobile devices like the iPod Touch provide convenient and portable platforms
average pixel value in a region for behavioral testing. However, reaction times reported by the device are 80+-20
containing the stimulus (red 2% milliseconds longer than our best estimate of the actual touch time. Calibration of each
square in top row of images, [ L device family is needed when absolute reaction times are needed, and the variability

above). I 200 limits the ultimate precision.

Touch times were determined by
computing the column averages of
subimages containing the
fingertip, and then finding the
maximum value.

These steps are illustrated in the
lower three rows of images above.
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