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ABSTRACT

We have investigated whether reading is adversely affected by the
flicker of VDTs. We use 60Hz flicker for our low frequency because it is
the standard used in most computer monitors, and 500Hz for our upper
boundary because it provides nearly constant presentation. 60Hz flicker
results in 16.67ms of dead time after every screen write. Therefore there
is no useable information at the fixation point for an average of 8.33ms
following a saccadic eye movement. We hypothesized that the visual
system might have to wait for text to become available after each saccade,
slowing reading speed. The 500Hz condition allows 2ms of dead time with
an average of wait of ims.

Text was displayed one line at a time about 10° of arc below eye level
on a HP1351 vector screen. Subjects pressed a key when they were
finished reading a line of text, and it was immediately replaced by another
line.The types of saccades made on each line were displayed to the
experimenter as the subject read. Half of the subjects read four samples at
60 Hz, 500Hz, 60Hz, and 500Hz. In the other half the order was reversed.

Subjects were given 50 lines of practice to automatize the line-
advancing procedure, and then read for 45 minutes. In the first half of the
experiment reading was 3% (8 words/mm) faster at 500Hz, a statistically
significant acceleration. Though this difference disappeared in the second
half of the study, differences remained between the types of eye
movements made in the two flicker conditions. From the first half to the
second, subjects at 60 Hz increased the number of large forward saccades
and decreased the number of small reverse saccades. Both of these changes
make sampling more sparse, compensating for the increased dead time
between samples. Differences in these types of saccades were smaller at
500 Hz. Subject were unaware of differences in reading rate and type of
eye movement. In addition, no subject expressed knowledge of the two
flicker conditions or when they were applied. Thus saccadic scanning
patterns were modified without the subject's awareness. The results
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account for some but not all of the slowed reading speed observed in
reading from CRT screens.

We suggest an adaptive mechanism driven by a need for efficient
information uptake as a reason for these changes. The differences we
observe at low flicker frequency indicate an increased processing effort,
perhaps explaining some of the fatigue effects observed in reading from
CRTs. In addition, the differences indicate a non-conscious optimization of
information processing. Though reading speed is slowed only slightly by
flicker, the difference is statistically significant and is of practical
importance because of the many hours people spend reading from CRTs.

1 . PROBLEMS WITH RASTER FLICKER

All CRT-based computer displays currently in use are raster-driven,
at rates varying from about 60 to 72 Hz. This results in a flicker of the
displays. Because the flicker is above the flicker fusion rate (the flicker
rate above which a light source appears to be continuous), it has been
assumed that the flicker has no effect on computer users. The latest
edition of American Standards for VDTs8 requires only that the display
should be "flicker free" for at least 90% of a sample of the user
population. The report further notes that there are no data showing that
perceptible flicker adversely affects performance, though it is annoying.
This study will show that CRT flicker affects both reading speed and the
patterns of eye movements made during reading.

In studies of user populations, proportions of complaints by VDT
operators range from 25% to as high as 93%18, "Eye fatigue" is the most
frequently reported visual complaint for both transient and persistent
complaint groups18' 19

The complaints undoubtedly have many causes. Visual researchers
have concentrated on physical display characteristics such as blur, glare,
and contrast' , and have investigated operator characteristics such as
accomodation, AC/A ratio, dark focus differing from VDT viewing distance,
and near h orizontal heterophoria6.

After these and other problems are taken into account, however,
there remains a residual of unidentified causes of visual VDT complaints.
The variables investigated to date concern only static conditions; there has
been no attempt to address interactions of operator activities such as eye
movements with display parameters. Specifically, the perceptual effects of
flicker above the flicker fusion rate have not been studied.

Even among users who do not voice complaints about vision, reading
speed is slower on CRT screens than on paper13. Because of the growing
importance of electronic databases, this characteristic of current VDT
formats is of great economic importance. Even the most miniscule
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