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A simple graphical technique for
assessing timer accuracy of computer systems

BRETT MYORS
Macquarie University, Sydney, New South Wales, Australia

Timingaccuracy is of perennial concern to researchers conducting reaction time studies, especially
for those using computers that were not designed with millisecond accuracy in mind. Inaccuracies can
manifest themselves in the form of quantization of the continuous time data stream. The method pro
posed here is simply to inspect the graph of the order statistics because quantization is readily appar
ent in such graphs. The method is illustrated with timing measurements of keypresses on an IBMPC.

The accuracy of timing routines will always be an im
portant practical concern for researchers collecting reac
tion time (RT) data on computers (Beringer, 1992; Bovens
& Brysbaert, 1990; Brysbaert, Bovens, d'Ydewalle, &
Van Calster, 1989; Biihrer, Sparrer, & Weitkunat, 1987;
Creeger, Miller, & Paredes, 1990; Crosbie, 1989; Dlhopol
sky, 1988; Emerson, 1988; Granaas, 1989; Graves &
Bradley, 1987, 1988, 1991; Heathcote, 1988; Segalowitz,
1987,1988; Segalowitz & Graves, 1990). Inaccuracies and
poor resolution in either the timer or the response device
manifest themselves as quantization of the continuous
time data stream. For example, it is well known that, on an
IBM PC, the standard system time-of-day clock runs at
18.207 Hz (Sargent & Shoemaker, 1995), giving a timing
resolution of only 54.925 msec. As such, any time data
measured by this clock will be quantized into units that are
too large for most RT studies. To overcome this difficulty,
various techniques have been developed for achieving
millisecond timing accuracy on the PC.

Another source ofquantization consists ofdelays built
into the PC keyboard. The keyboard contains an 8048 chip
that poles the key lines for presses (Sargent & Shoemaker,
1995). When a keypress is detected, the 8048 "waits a few
milliseconds to let the key stop bouncing" (Sargent &
Shoemaker, 1995, p. 471). This is the main source of the
delay. A further delay stems from the serial transmission
of the scan code to the CPU, which takes roughly an ad
ditional millisecond. Segalowitzand Graves(1990) reported
that the keyboard exhibited a delay ofabout 15 msec on an
IBM PC and 10 msec on an AT. They noted that this value
varied with configuration but suggested that the keyboard
should be considered to have aneffective resolution ofonly
about 15 msec.

As a result of these considerations, many authors ad
vocate careful calibration of PC timing routines against
an accurate external clock prior to embarking on an RT
study. However, while this is recommended, it can involve
attaching the clock to one ofthe output ports or wiring it
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in line with the keyboard or PC speaker, and many users
may not have access to this level of expertise. Therefore,
the purpose of this article is to advocate a simple graph
ical technique for studying timing data which reveals the
quantization, and hence inaccuracy, inherent therein. Re
searchers can then decide whether the times are accurate
enough for their purposes.

The method is simply to inspect the graph of the order
statistics; that is, sort the time data, graph them, and look
for a smooth continuous function. Ifthe curve is smoothly
increasing, this indicates relatively high accuracy; if it
looks like a step function, this indicates poor resolution.
Often such graphs can strikingly reveal surprising de
grees ofquantization. The size of the quanta can be read
ily determined from the step sizes. It may also be useful
to trim the top and bottom 5% or 10%, say, of data points
before graphing, in order to remove outliers.

Please note that the technique described here is mainly
suited for detecting systematic poor resolution in timing
routines and response devices. It does not indicate whether
all times are displaced by a constant factor, nor will it de
tect random errors introduced in the time data.' The first
problem is unlikely to be ofconcern, unless absolute times
are required. For example, ifall one wants to do is assess
the effect of some treatment, it is irrelevant that the tim
ing data are out a constant factor as long as the two con
ditions differ significantly. This simply means that the
clock is poorly calibrated, not that it is inherently inaccu
rate. The second source of error will be relegated to the
error term if sufficient trials are conducted.

Another warning concerns the use of multitasking en
vironments. It is generally advisable not to use multitask
ing environments such as Windows or Windows '95 when
time-critical data are being collected.

To illustrate the technique, keypress times were mea
sured for reading an alphanumeric keypress and a shift
keypress on an IBM-PC-compatible microcomputer.

METHOD

A C program was written to time the getclu)? function
and shift key status on a standard 133-MHz Pentium Pc.
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Figure 1. Sorted times of 40 presses of the space bar and the shift key. Trials were conducted with the sub
ject keeping pace with the second hand on a watch. Ten milliseconds have been subtracted from the shift times
to separate the curves. In each case, the five shortest and longest times have been trimmed.

Although the BIOS provides a standardized means of
reading the shift status, shift status was assessed by read
ing address 417H of the BIOS data segment directly in
order to improve efficiency (see Sargent & Shoemaker,
1995, for details). Use ofBIOS calls can introduce further
delays. Readers interested in the method can obtain a
copy of the program from the author.

Timing consisted of50 presses of the space bar followed
by 50 presses of the shift key. Fifty data points seem to
be about the right number for this technique. In each case,
the subject was trying to press the keys at a constant rate
of 1 press per second, in line with the second hand on a
watch.

Two timing methods were investigated. The first in
volved the low-resolution time-of-day clock already
mentioned, and the second used the high-resolution
"mode 2 timer" that has a period of838.1 nsec. The mode 2
timer has been advocated by several authors as the best
method of achieving high-resolution timing on the PC
(Abrash, 1990; Graves & Bradley, 1991; Sargent & Shoe
maker, 1995). The two methods can be used in tandem,
since the mode 2 timer involves nothing more than adding
the sub 54.925-msec count latched from counter zero of
the on-board 8253 programmable interval timer set to

mode 2 to the value of the time-of-day clock multiplied
by 65,536. Detailed accounts of the mode 2 timer, together
with various implementations, can be found in Abrash
(1990), Graves and Bradley (1991), and Sargent and Shoe
maker (1995). Abrash has also found that the counters
on fully compatible 8253 chips are literally stopped dur
ing a mode set, thus completely eliminating the rare oc
currence of desynchronization between the counter and
the time-of-day clock discussed by Graves and Bradley
(1991). This method was not used, however, because it re
lies on an undocumented feature of the 8253 and may not
be portable.

RESULTS

Figure I shows a graph ofthe keypress times measured
by the two timing methods and illustrates the method.
The graph was produced with the Lotus 1-2-3 spreadsheet.
Any spreadsheet or statistical package could be used to
produce similar graphs. As can be seen, all times are
clearly quantized with the times measured by the slow
time-of-day clock jumping in larger steps than the fast
mode 2 timer. In close agreement with the specified rate
of the time-of-day clock, the large steps in the time-of-day
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curves are equal to 54.945 msec. In close agreement with
Segalowitz and Graves (1990), the steps in the mode 2
curves are in units of about 9.1 msec.

CONCLUSION

Researchers conducting RT studies need to check the
accuracy of their measurements very carefully. It is sug
gested that a graph ofthe order statistics provides a quick
and easy supplement to external calibration. Although
the method has been illustrated here with the IBM PC,
because the relevant timing information has been well doc
umented, the method is quite general and can be applied
to any continuous time data ofany duration collected on
any computer. It is suggested that researchers who collect
continuous time data inspect the graph of the order statis
tics as an adjunct to reporting the accuracy oftheir timers.

Availability
Software described in this article is available from the

author upon request: bmyors@bunyip.bhs.mq.edu.au.
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NOTES

I. The author is grateful to an anonymous reviewer for pointing this out.
2. getcht) is a standard C function for reading a character from the

console.
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