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COMPUTER TECHNOLOGY

Reaction time measurement errors
resulting from the use of CRT displays

CHARLES E. LINCOLN and DAVID M. LANE
Rice University, Houston, Texas 77001

Three sources of potential error in reaction time measurement may occur when raster scan
CRT displays are used to present stimuli: phosphor persistence, sweep delay, or transmission
delay. For most applications, only the third source of error is likely to be significant.

As a result of the recent proliferation of low-cost
microprocessor-based laboratory computer systems,
many researchers in the areas of perception and cogni-
tion are replacing the traditional tachistiscope with the
more versatile computer-controlled cathode-ray tube
(CRT) display as a medium for stimulus presentation.
Because these devices are frequently used for critical
reaction time measurements, a task they were not
designed for, several hardware-dependent features need
to be considered to determine their potential influence
on such measurements.

Most of these CRT devices employ a noninterlaced
raster scan technique whereby the image is created by a
variable-intensity electron beam that SWeeps across
successive horizontal lines mapped on the surface of the
display. Each line is broken up into a series of dots
that form the elements of the image. These dots are
made up of a phosphorescent compound that glows
when hit by the intensified electron beam. For all practi-
cal purposes, the dots may be considered to “switch
on” instantaneously. However, since they are designed
to continue glowing while the electron beam sweeps the
rest of the screen (in order to present a flicker-free
image), the decay time may be fairly long (10-50 msec).
This is not generally a problem in reaction time experi-
ments because the stimulus is frequently displayed until
the subject makes a response, after which it no longer
matters if the image persists. Even when the stimulus
duration is a critical variable, this phosphor persistence
time will be constant so that it may simply be added to
the total presentation time.

A potentially more serious problem involves a ran-
dom error introduced by the raster scan process. Most of
these devices are synchronized to the 60-Hz ac line fre-
quency, which means they require 1/60 sec (16.67 msec)
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to form one full-screen image. On the other hand, the
computer circuits used to generate and store the image
information often operate at a much higher speed. The
result of this mismatch in speed is that a computer may
generate the stimulus image, store it in display memory,
and start a reaction time clock as much as 16.67 msec
before the stimulus is actually displayed on the screen.

Since this error is distributed uniformly from 0 to
16.67 msec, an unbiased estimate of reaction time can
be computed by subtracting 8.33 msec from the
obtained times. Therefore, the only detrimental effect
of this source of measurement error is a decrease in
statistical power. The magnitude of this effect is con-
sidered below.

The error resulting from the CRT delay is uncor-
related with other sources of error variance, and there-
fore, the consequent increase in error variance is simply
the variance of the CRT-delay error. The variance of a
uniform distribution extending from Point a to Point b
is (b —a)*/12, as shown by Winkler (1972). Therefore,
the variance of the CRT-delay error is [8.33 —
(—8.33)]%/12 =23.15.

It should be noted that 23.15 msec is the increase in
error variance that would result if only one reaction time
were obtained from each subject. It is common to obtain
several reaction times from each subject in each condition
and use the within-condition mean for each subject as
the dependent variable. In that case, the increase in
error variance is 23.15/k, where k is the number of
reaction times averaged to obtain each score.

The importance of the CRT-delay error depends upon
the magnitude of its variance relative to other sources of
error variance. As there is typically very large between-
subjects variation in reaction time, an increase of
23.15 msec in the error variance is negligible. However,
when an independent variable is manipulated within
subjects, much greater precision is obtained and a
variance of 23.15 msec may significantly affect the
power.

To determine the effect on power, it is necessary to
know, on the average, how variable subjects are when
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