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This paper reviews empirical studies concerning the readability of text from computer
screens. The review focuses on the form and physical attributes of complex, realistic
displays of text material. Most studies comparing paper and computer screen readability
show that screens are less readable than paper. There are many factors that could affect
the readability of computer screens. The factors explored in this review are the features of
characters, the formatting of the screen, the contrast and color of the characters and
background, and dynamic aspects of the screen. Numerous areas for future research are
pinpointed.
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INTRODUCTION

The increase in the number of computer
screens and computer screen users in the
industrial world is staggering and promises
to be even greater in the future. On the
basis of figures from the National Institute
of Occupational Safety and Health, approximately 10 million American workers currently
use computer
screens daily to
perform their jobs. By 1990 it is expected
that this number will be 20 million, and by

reading text, screen design, text

the year 2000, 40 million workers will use
computer screens [Mansfield
19851. The
computer screen is used extensively as an
input/output
device for computer systems,
and it can be used to display many different
types of information,
such as graphic and
pictorial. One of the primary uses for the
computer screen, however, is the display of
text.
The readability
of text from computer
screens is an issue that has increased in
importance with the increasing frequency
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and range of computer screen use. One use
is word processing, which requires reading
large amounts of text from computer
screens. Other applications
include the
electronic publishing of books and journals
[Lancaster and Warner 1985; Moray 1980;
Senders 1977; Weyer 1982; Wright and
Lickorish 19841 and videotext [Bown et al.
1980; Malloy 1983; Reynolds 19821. Computerized information
retrieval occurs in
library searches, electronic mail, and retrieval of information
from on-line technical manuals. In all of these applications, a
large number of characteristics of text on
computer screens could potentially
affect
how easily people can extract information
from screens (cf. Shneiderman [1980]). The
purpose of this paper is to review empirical
ACM Computing
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studies concerning factors affecting the
readability of text on computer screens.
The literature on the use of computer
screens has increased dramatically
in the
last few years. Books by Cakir et al. [1980]
and Grandjean and Vigliani [1980] have
provided coverage of some of the basic issues and research findings involving computer screen use. Additional
research on
factors influencing readability of text has
been done since these books were written.
In 1981 the National Academy of Sciences
undertook a critical review of the research
concerning visual factors involved in computer screen use. The results are summarized by Brown et al. [1982] and are
reported in greater detail in Video Displays,
Work, and Vision [National
Research
Council 19831.
In addition to the books on computer
use, there are a number of reviews in journals. In 1981, the Human Factors journal
had two special issues concerning the use
of computer screens. The topics included
in the August 1981 issue concerned possible
health hazards of working with computer
screens, such as job stress, radiation, and
visual fatigue. In the October 1981 issue of
Human Factors, the topics concerned the
performance of computer screen users as
a function
of various manipulations
of
the information
display on the screen. It
also included a bibliography
on visual aspects of computer screen viewing [Matula
19811.
Additional
reviews have appeared in
other publications.
Smith [1984] has reviewed some of the environmental
and
workstation design considerations. Helander et al. [1984] have provided a comprehensive review of human factors research
on visual display terminals in the workplace. Dainoff [1982] and Sauter et al.
[1983] have reviewed the literature on occupational stress factors associated with
visual display terminal operation. Tullis
[1983] has reviewed the literature concerning alphanumeric display formatting.
Other reports contain guidelines that
tend to be based on the experiences of
practitioners rather than on empirical evidence; for example, Galitz [1985], Merrill
[ 19821, Smith [ 19821, Williges and Williges
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[ 19811. Helander and Rupp [ 19841 provide
an overview of a number of different standards and guidelines for computer screens.
Scope

This review differs from previous ones in
that it concentrates on the research concerning presentation factors affecting the
reading of complex, realistic displays of
text. By concentrating
on the research
(rather than on guidelines or opinions
about screen design), we can describe what
is currently known. This research review
will help practitioners
evaluate the guidelines they are currently using on the basis
of research findings and determine the limitations of the available evidence and guidelines. Concentrating
on what has been
found in experimental
investigations
of
readability will also help isolate areas for
further research.
This review focuses on the readability,
rather than legibility, of text on computer
screens. Readability generally refers to the
ease with which the meaning of text can be
comprehended, whereas legibility generally
refers to the ease of identification
of text
items. Readability and legibility are generally measured with different tasks. Readability is measured by means of reading
comprehension
and reading speed tasks.
These types of tasks require continuous
meaningful
text. Legibility
is generally
measured by means of identification
tasks
in which single letters or a small array
of letters are either presented in visual
noise or briefly flashed.
Legibility is involved in readability, but
reading involves additional skills (cf. Beck
and Carpenter [1986]; Just and Carpenter
[ 19871. For adult readers legibility and word
identification
play a minor role in reading,
so performance in legibility tasks may or
may not reflect performance in readability
tasks. Studies on legibility are not reviewed
in this paper; however, some studies that
involve nonreading tasks but use continuous text, proofreading,
for example, are
included. Although these studies do not
involve “normal” reading, performance in
the assigned tasks may reveal information
about the readability of screens.
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Although this review concerns methods
for presenting continuous,
written text,
manipulations
of the semantic content of
the text is not of interest here. Rather, the
focus is the effect on reading performance
of the form and physical attributes of the
text as displayed on computer screens.
The literature on form and physical attributes of text presented on paper is not
reviewed in detail, but where pertinent it is
cited. In many cases this literature may be
applicable to computer screen design; however, it is extensive and has been reviewed
elsewhere [Cornog and Rose 1967; Felker
1980; Tinker 1963a; Zachrisson 19651.
Ergonomics and workstation design are
important
considerations
in using computer screens. Extensive work with regard
to optimizing the presentation of text on
computer screens would be meaningless if
the screens were made unusable by poor
illumination
or poor workstation
design.
However, ergonomic factors and workstation design are not reviewed here, since
they have been included in detail in other
reviews; see Helander et al. [1984], IBM
[ 19841, National Research Council [ 19831,
and Smith [1984].
Organization

This paper is organized into five main sections. The first section describes the research that has compared the readability of
paper and computer screens. The remaining four sections discuss research on features of the computer screen that may
affect readability
of text: the characters
on the screen, the formatting of the screen,
the contrast and color of the characters
and background, and the dynamic aspects
of the screen.
In some cases the same experiment is
discussed in several sections, since many
experiments
have studied the effects of
more than one variable. When repeated
citations occur, experimental
details are
given in the first discussion and not in
subsequent sections.
In the literature, a computer screen is
called a cathode ray tube (CRT), visual
display terminal (VDT), visual display unit
(VDU), and so on. For the purposes of
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describing the research, we have used the
cited authors’ terms; so several terms will
be found in this review.
Literature

Search

A variety of sources was used in an attempt
to cover the subject comprehensively.
Recent volumes (1980-1986) of relevant journals, that is, Human Factors, International
Journal of Man-Machine
Studies, Visible
Language, Applied Ergonomics, and Ergonomics, were reviewed for pertinent papers.
In
addition,
computerized
literature
searches were conducted using educational
and technical information databases (ERIC
and NTIS). Books, preprints of articles,
and technical
reports were additional
sources of information.
1. COMPARISON
READABILITY

OF PAPER AND SCREEN

A number of studies have been conducted
to compare the readability of text on paper
and computer screens. Some of these studies have revealed no differences between
paper and computer screen presentation
[Askwall 1985; Keenan 19841, whereas others have revealed only minimal differences
[Kak 1981; Switchenko 19841.
The results of these studies are in sharp
contrast to the results of a number of others
that have found large and significant differences between paper and screen presentation. Wright and Lickorish [1983] studied
the speed and accuracy of proofreading a
text for errors with 32 subjects who read
from both a CRT and paper. The CRT was
a 12-inch (in.) monitor that displayed
text as white characters on a black background. The text on paper was standard
dark characters on a white background.
Lines of text were single spaced with double
spacing between paragraphs. The paper
printouts were generated to mirror the information displayed on the CRT. Half of
the subjects recorded the errors they found
in the CRT text on the CRT itself, and the
other half recorded the errors on paper.
The results showed that more errors were
detected when the text was presented on
paper than when presented on a CRT.
ACM Computing
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However, this effect was only significant
for the subjects who recorded the CRT
errors on paper. Thus, switching back and
forth between CRT and paper probably
contributed to the effect. Subjects worked
significantly
slower with CRTs than with
printouts (between 30 and 40% slower, depending on the particular text) regardless
of whether they recorded the errors on the
CRT or on paper.
In a comprehensive study, Gould and
Grischkowsky [1984] had 24 subjects proofread text from both a CRT and paper. The
subjects worked for 1 day with the CRT
and for 1 day with paper, with order counterbalanced. Subjects circled misspellings
on paper and pointed to them with a light
pen on the CRT. The layout of the text was
the same on both the CRT and paper: Each
page contained 23 lines and about 9 words
per line with 2 spaces between words. The
text on paper was the standard black characters on a light background. The text on
the CRT was displayed as green characters
on a dark background.
Gould and Grischkowsky
[1984] measured performance, feelings, and vision.
The performance measurements revealed
that subjects proofread significantly
more
slowly on CRTs than on paper (159 words
versus 205 words per minute, that is, 22%
slower). Slightly more misspellings were
missed on the CRT (33%) than on paper
(30%); however, that difference was not
statistically
significant.
Subjects’ feelings
about physical symptoms and working situation, as assessed by a questionnaire, and
the psychophysical measures of vision were
unaffected by whether the proofreading was
on a CRT or on paper. For all three measures (performance, feelings, and vision)
changes that occurred during the day were
due to the work itself and not to the mode
of presentation, since there were no differential effects on CRT versus paper across
the workday.
Muter et al. [1982] had 32 subjects read
continuous text for 2 hours (h), with half
of the subjects reading from a videotex
terminal and the other half from a book.
The text was displayed on the videotex
terminal as white characters on a blue
background. In the video condition there
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were approximately 120 words per page (18
rows of text per page x 39 characters per
row). The text in the book was displayed
with approximately 400 words per page (40
rows of text per page x 60 characters per
row). Muter et al. [1982] found that subjects in the book condition read at a rate of
222 words per minute, whereas subjects in
the video condition read at a rate of 159
words per minute. That is, subjects read
28% slower in the video condition than in
the book condition. Condition (video versus
book) had no effect on comprehension
scores. Nor were there any differences in
subjective measures of discomfort (e.g., dizziness, fatigue, and eyestrain) between the
video and book conditions.
Kruk and Muter [ 19841 replicated Muter
et al.‘s [1982] findings of slower reading
times from a video screen than from a book
and attempted to determine which of two
factors contributed to the slower reading
from a video screen: the amount of information on a page or the relatively slow time
(9 seconds (s)) to fill a screen. Kruk and
Muter [1984] compared two video conditions: one was a delayed condition, in which
9 s were required to fill the screen, and the
other was an instant condition in which the
screen was filled within 0.5 s. In both conditions the text was displayed on a 12-in.
green monochrome video monitor with 39
characters per line. These video conditions
were compared with two book conditions:
one with 60 and the other with 39 characters per line. Each of 24 subjects read text
in all four conditions.
As in the Muter et al. [1982] study, Kruk
and Muter [1984] found that in the video
conditions the text was read significantly
more slowly (24%) than in the book conditions (171 words per minute versus 226
words per minute). In addition, the book
condition with more information
per page
was read significantly
faster than the book
condition with less information on the page
(237 words per minute versus 214 words per
minute). The book condition with 39 characters per line was read faster than the
instant video condition, which had a comparable amount of information
per page
(214 words per minute versus 177 words per
minute). There was no difference in reading
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rate between the instant and delayed video
conditions. Thus it appears that some, but
not all, of the differences in reading rate
between computer screen and book conditions are due to differences in the density
of information
displayed per page in the
two modes. It appears that delay in filling
the screen (up to 9 s) is not a significant
reason for slower reading on video terminals. For reading comprehension,
there
were no significant
differences between
conditions.
Some studies have been conducted to
compare computer and paper presentation
for tasks involving problem solving as well
as reading. Hansen et al. [1978] found that
when seven students took examinations on
a Plato terminal they took almost twice as
long as when they took the exams on paper
[20.4 minutes (min) versus 12.7 min]. Although some of the increased time for the
terminal use could be attributed to the response time of the computer system, 37%
of the increase was due to the students’
performance. Hansen et al. [1978] attributed this increased exam time to uncertainty felt by the students in using the
Plato system. However, the readability of
computer screens probably also contributed
to the increased task time.
Weldon et al. [1985] compared subjects’
ability to solve a switch setting task from
technical
manuals that were presented
either on a computer screen or on paper.
The format of the manuals was the same
for the screen and paper versions. The text
in the computer version was presented on
a monochrome screen with green characters on a dark background, and the text for
the paper manual was presented as black
characters on white paper. Twenty subjects
read from the computer manual and 20
from the paper manual. The results showed
that subjects solved the problem faster with
the paper manual than with the manual
presented on the computer screen. However, ratings of the manuals in the two
modalities revealed that subjects preferred
the manual presented on the computer
screen.
The studies comparing reading performance with paper and computer screen presentation that have been reviewed so far
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either have used relatively inexperienced
computer screen users or have not reported
users’ experience level. These users might
be expected to perform better with paper
since they are most familiar
with it.
Two studies have investigated the effects
of experience with computer screens on
subjective evaluations
of screens versus
paper.
Cakir et al. [1980] summarized the results of a survey of 800 VDT operators who
compared the characteristics of text on paper with those of text on VDTs. In response
to the statement, “The text on the VDT
screen is easily readable,” 73% strongly
agreed and 15% agreed. In response to the
statement, “The text on the VDT screen is
often more easily read than the hard copy
originals,” 61% strongly agreed and 12%
agreed. In general, it appeared that compared with commonly used hard copy, for
example, copies and many types of computer printouts,
VDT presentation
was
judged superior. However, Cakir et al.
[ 19801 reported that high-quality typewritten hard copy was generally judged to be
superior to VDT presentation.
Starr [ 19841 reported questionnaire
results with office workers that included a
question concerning the relative quality of
paper and VDTs. In the study there were
211 workers who used VDTs to do their
work and 148 workers who did the same
jobs using paper documents. The workers
were asked to compare the visual quality of
the display medium that they used to perform their jobs (paper or VDT) with the
high-quality printed questionnaires used in
the study. There was a significant difference between the two groups of workers.
Fifty-three percent of the VDT users preferred VDTs over the questionnaires,
whereas only 36% of the paper users
preferred the paper documents over the
questionnaires. Thus, it appears that VDT
displays were preferable to the paper documents that were in use. The preference
for the high-quality
questionnaires among
the users of paper documents suggests that
their paper documents were of poor quality.
The results also showed that the relative
subjective evaluations of VDTs and paper
were highly dependent on the quality of the
paper documents.
ACM Computing
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Subjective evaluations of preference for
computer presentation reported by Cakir et
al. [1980] and Starr [1984] may not be
confirmed by performance data with experienced users. Results reported by Gould
[1985] suggest there is still a difference
between paper and screen presentation
even for experienced users. This is not surprising since a number of studies have
shown there is not necessarily a relationship between subjective judgments and performance (e.g., Weldon et al. [1985]).
In other studies, Gould and his associates
explored other factors that might contribute to the decrement in reading performance with computer screens. For example,
Gould et al. [1987a] studied the effect of
angle of regard of the text by having text
on paper mounted in front of the subjects
as it is on the computer screen. Reading
performance from computer screens was
poorer than from paper.
Gould and Grischkowsky [1986] studied
the effect that the visual angle of a line of
text has on reading performance. They reasoned that the wider lines of text that generally occur on CRTs than for the same
text on paper may explain the slower reading speeds on CRT. Readers may have to
make more eye fixations for the lines of
text on computer screens with the wider
visual angles, and that would slow reading
speeds. Their results did not support this
explanation; reading performance was invariant for the visual angles in common use
on paper and computer screens.
Another factor that has been suggested
to explain the decrement in performance
when reading from computer screens is the
flicker of the computer screen caused by
refreshing the image. Wilkins [ 19861 found
that eye movements are different for text
that is flickering than for text that is not.
The different pattern of eye movements
may slow reading speeds. Gould et al.
[1987a] studied the effects of flicker on
CRTs by taking photographs of displays
and having subjects read the photographs
that were flicker free. The decrement
in reading performance
with computer
screens persisted even when text was read
from the photographs.
Gould et al. [1987a] have concluded that
of the factors that he and his associates
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have studied (e.g., angle of regard, visual
angle, flicker), no single factor alone produces the decrement when reading from
computer screens, but rather it is some
combination of factors. Using photographs
of computer screen displays and of the
printed page, Gould and Grischkowsky
[1986] found a decrement in proofreading
speed of 12 to 14% for photographs of the
computer screen. There are a number of
factors that could contribute to this decrement-differences
in font, polarity, color of
characters, /and amount of blank space between row$. An additional decrement in
reading speed to that shown with the photographs seems to occur when using actual
computer screens. For example, Gould and
Grischkowsky
[1984] found a 22% decrement in proofreading
speed when they
compared “live” CRTs with paper. This
suggests that some of the decrement may
be due to the characteristics
of an actual
“live” display, for example, flicker, luminance levels, and brightness contrasts between characters and background.
All of the results comparing computer
screen with paper readability suggest that
there are properties of a computer screen
that make reading more difficult.
If the
quality and properties of the computer
screen could be made more similar to those
of paper, the differences in readability
would disappear. A recent study of Gould
et al. [1987b] has shown that special highresolution computer displays (with antialiasing) can produce reading performance
that is nearly equivalent to that with paper.
A number of other new displays with higher
resolution and larger screens are being developed or have recently been developed
(Wasserman,
personal
communication,
January 17, 1988). These appear to be superior to earlier displays for text presentation. However, research concerning the
readability of the more recent displays is
not yet available.
1.1 Conclusions

In many of the experiments comparing paper and computer screen readability with
relatively inexperienced VDT users, reading speed was adversely affected when text
was presented on a computer screen. In

l
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addition, errors may be more difficult to
detect on computer screens than on paper.
It is not clear that reading comprehension
is adversely affected when text is presented
on a computer screen rather than on paper.
Speed may be affected, but not comprehension, because subjects may tend to read at
a speed that maintains a constant level of
comprehension.
Alternatively,
it may be
that tests of comprehension are simply not
sensitive enough to detect differences between paper and screen presentation. Questionnaire
results with experienced users
indicate a preference for screens over
some paper presentations.
Although the results in these studies are
fairly consistent, it should be noted that
the size of the differences in reading performance between computer screen and
paper depends on the quality of the text
presentation and the psychophysical properties of the two modes of presentation. If
both the paper and computer presentations
are very poor, there will probably be no
difference, as some studies have found. Alternatively,
as Gould et al. [1987b] have
shown, if both are high quality there may
be no difference.
Exactly what factors reduce reading performance on computer screens is not clear.
In some of the studies reviewed, the differences between the psychophysical properties (e.g., brightness contrast and character
size and font) of the computer screen and
paper were not clearly specified. In other
studies, it was clear that there were
a number of differences that could contribute to performance differences. Gould has
explored a number of factors but has been
unsuccessful in isolating any single factor
that may cause the decrement in reading
performance when computer screens are
used. The research by Kruk and Muter
[1984] suggests that one of the critical factors is the reduced amount of information
per page on most computer screens as compared with paper. Amount of presented
information
is not the only factor that reduces the speed of reading from a computer
screen, because even with an identical format on the computer and paper page, the
same effect persists.
Since the effect exists to some degree
with photographs of the screen and the
ACM Computing
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printed page, it may be due in part to factors such as font differences, polarity, and
color of characters and in part to the “online” aspects of the display, for example,
flicker.
Although the quality of current computer
screen displays is not perfect, displays continue to be used to present text; therefore,
everything possible should be done to present text on a computer screen in a readable
way. Even for displays that are greatly improved, there are many factors that affect
readability. The remainder of this paper
describes research on factors affecting the
readability of computer screens. This discussion does not assume extensive knowledge of computer screen typography; that
information
is summarized
by Witten
[1985].
2. CHARACTERS

The readability research reviewed in this
section concerns character case, descenders, width, and size. Much of the research
involving the characters used on computer
screens has focused on legibility
rather
than readability. One topic that has been
of prime concern in the legibility research
has been the development of fonts [Huddleston 1974; Maddox et al. 1977; Treurniet
1981; Vartabedian 19731. Some of the other
legibility topics include the letter generation method-dot
matrix versus stroke
[Vartabedian 1971; Shurtleff 19741, dot geometry-elongated
versus circular versus
rectangular
versus square [Snyder and
Maddox 1978; Vartabedian 19701, matrix
dot spacing [Maddox 19801, number of raster lines [Hemingway and Erickson 19691,
and letter orientation-slant
versus upright
[Vartabedian
19701. See Buckler [1977],
Gould [ 19681, Helander et al. [ 19841, and
Shurtleff [ 1974,1980] for reviews concerning research on legibility
of computer
screens.
2.1 Uppercase

versus Lowercase

The issue of whether text on a computer
screen is more readable in all uppercase
letters or in upper- and lowercase letters
has not been completely resolved. Research
ACM Computing
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with paper, however, is probably indicative
of what is appropriate
for computer
screens. Experiments with paper have revealed that whether there is superior performance with uppercase or lowercase
letters depends on the task [Tinker
1963a]. When the task involves identifying
single characters or individual words, uppercase letters produce superior performance. Uppercase letters can be identified at
a greater distance [Hodge 19621 and with a
briefer exposure [Hodge 19631. When the
task involves reading continuous text from
paper, however, there is generally superior
performance with lowercase letters. For example, Tinker [1955] reported that text in
all uppercase letters retards reading speed
by 10.2-14.2% compared with text in combined uppercase and lowercase letters.
Poulton and Brown [1968] found comprehension scores were lower for text in all
uppercase letters than for the normal uppercase and lowercase combination.
For
rapid continuous reading, Tinker [1963a]
concluded that combined upper- and lowercase English texts are read more rapidly
and are preferred by readers over texts all
in uppercase.
Research on a computer screen has revealed a similar
pattern.
Vartabedian
[ 19711 and Clauer [ 19771 have studied nonreading tasks on a CRT (visual search and
keying in randomly
presented letters).
They found that subjects performed better
with uppercase letters than with lowercase
letters.
Foster and Bruce [1982], on the other
hand, found no reliable effect of letter case
on reading times when sentences were displayed on a Viewdata screen. They had 40
students read semantically anomalous sentences aloud and found a 2.7% advantage
in reading times for lowercase over uppercase letters. Although this effect was not
significant, it seems plausible that an effect
of case may have been obscured by having
the subjects read aloud. This idea is supported by Rudnicky and Kolers [1984], who
found silent reading time differences were
eliminated when subjects read the same
materials aloud.
Thus the research with computer screens
seems to be consistent with the research
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with paper. For nonreading tasks, performance is better with uppercase letters. For
continuous reading tasks, there is at least
a trend in favor of better performance with
lowercase letters. More research with computer-displayed text is needed to determine
conclusively the optimum letter case for
continuous reading tasks.
It is findings such as those concerning
upper- and lowercase letters that illustrate
the importance of task variables in reading
performance.
Such findings support the
present paper’s emphasis on readability
rather than legibility studies.
2.2 Character

Descenders

Many lowercase character sets for computer screens do not have descenders that
extend below the line of print. In other
words, the descenders for the lowercase letters g, j, p, q, and y are presented above the
line so that these letters take up the same
space as the letter a. This practice was
adopted to minimize the space between
lines of text on the screen, thereby saving
screen space. For text printed or typed on
paper, the lowercase letters g, j, p, q, and y
typically have descenders that extend below the line of print. Research with paper
suggests that character sets with descenders below the line should be easier to read
than those without such descenders.
On the basis of a review of the literature
of printed materials, Tinker [1963a] proposed that lowercase text is read faster than
all-uppercase text because distinctive total
word shapes are available for lowercase but
not for uppercase text. For example, the
word “day” in lowercase letters has a distinctive shape because of the ascender on
the d and the descender on the y. The same
word in uppercase letters, “DAY,” has no
correspondingly
distinctive shape. Several
studies (e.g., Monk and Hulme [1983] and
Rudnicky and Kolers [1984]) have found
support for the notion that word shape cues
are used in reading lowercase text.
When lowercase character sets without
descenders are used for computer screen
text, part of the distinctive
shape of the
words is eliminated,
which probably reduces readability.
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Although
research with letter search
tasks on computer screens [Treurniet 19801
supports the importance of descenders for
legibility, the effect of descenders on readability remains to be studied with computer
screen fonts.
2.3 Fixed versus Variable

Character

Width

Typewritten
text typically has fixed character widths; that is, narrow letters such as
i and 1 occupy the same amount of space on
the paper as wide characters such as m and
w. In books and magazines, variable character widths are usual; for example, i occupies less space than m. Electronically
generated characters on computer screens
usually have a fixed dot matrix, for example, a 5 x 7 matrix, and hence a fixed
character width. It is possible to present
characters with a variable dot matrix width
on some computer systems.
Muter et al. [1982] compared texts with
variable and fixed letter widths. The lixedwidth characters were displayed on a 5 X 7
matrix (not including
descenders). The
variable-width
characters were displayed
on a 5 x 7 or narrower matrix. They found
no effect of letter width on either reading
speed or comprehension.
In a study conducted by Beldie et al.
[1983], however, an effect of fixed versus
variable character width was obtained.
They had nine subjects perform three
different tasks-reading
aloud, error identification,
and line finding-with
both
fixed- and variable-width
characters. The
characters of fixed width were displayed in
a 5 x 7 matrix (not including the descenders). Characters of variable width were
displayed in matrices that varied from
1 x 7 (for i) to 9 X 7 (for w). Subjects read
aloud 100 nouns in 69.1-s with the variablematrix characters and in 73.3 s with the
fixed-width
characters. That is, they read
about 6.1% faster with the variable-matrix
characters than with the fixed-matrix characters. Subjects were also able to identify
6.4% more errors with the variable-matrix
characters (83 errors in 2 min) than with
the fixed-matrix
characters (78 errors in 2
min). There was no significant difference
between the conditions for the third mea-
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sure-line
finding. These results suggest
that reading from a computer screen may
be easier with variable-matrix
characters
than with fixed-matrix
characters.
An interesting question is why Beldie et
al. [1983] found an effect of fixed versus
variable character width, whereas Muter et
al. [1982] did not. One explanation might
be that the different treatment of the wide
letters in the two studies produced the differences in results. Performance was facilitated in the Beldie et al. [1983] study, in
which characters were made wider and narrower as appropriate under their variablematrix condition, but not in the Muter et
al. study, in which characters were only
made narrower. This issue needs to be addressed experimentally
with a continuous
reading task.
2.4 Character

Size

On both paper and the computer screen the
legibility of individual characters generally
increases as character size increases (assuming that the number of dot or stroke
elements is also allowed to increase on computer screens). Smith [1979] has reviewed
the effects of letter size on legibility
on
computer screens.
To facilitate readability, particularly
on
computer screens, it may be important to
maximize the amount of information
on a
screen and therefore reduce the size of the
characters. Larger size characters may also
require the scanning of larger areas in order
to obtain the same amount of information.
This scanning may be deleterious to reading speed and comprehension
(but see
Gould and Grischkowsky [ 19861; Morrison
and Rayner [1981]). For computer screens
as for printed text, there may be an optimum size from which any variations in
either direction will reduce reading performance. For printed text, the optimum is
usually obtained with 9- or lo-point (0.120.14-in.) type, with variations in either direction
reducing
reading
performance
[Tinker 1963a].
Snyder and Maddox [ 19781 conducted an
experiment on computer screens that included measures of readability as a function
of character size. They investigated the ef-
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fects of dot element size, dot shape, and
interdot spacing of 5 X 7 dot matrix characters. In effect, these manipulations
influenced the size of the characters. The
character sizes varied from heights of 0.30
in. [7.60 millimeters
(mm)] to 0.96 in.
(24.32 mm) with proportional
changes in
the character widths. The viewing distance
was 1.02 meters (m). One hundred eight
subjects performed three different tasks (a
continuous reading task and two search
tasks) with characters that varied in only
one of the three dot dimensions. The results
showed that smaller size characters produced faster reading speeds than larger
ones. For a search task in which letters
were randomly arranged on the display and
for a menu search task, larger characters
produced faster search times. Thus it appears that the optimal size for characters
on a computer display depends on the type
of task being performed. For the reading
task, the smaller characters produced faster
reading speeds.
Further systematic research is needed to
determine how character size, matrix size,
and viewing distance affect readability
from computer screens, particularly
with
smaller characters than those used by Snyder and Maddox [1978]. Research is also
needed to determine how character size and
other parameters interact on computer
screen displays. With printed text, the optimum character size depends on the line
length and spacing [Tinker 1963b]. A similar relationship may occur with computer
screens; however, the para eters that produce optimal performance
n screens with
computer fonts may diffe, 3 from those for
paper.
2.5 Conclusions

The research on readability of characters
on computer screens seems to be consistent
with the research on the readability of characters on paper, in spite of the fact that
very different fonts are used in the two
modes. Unfortunately,
most of the research
conducted on computer characters has concerned legibility
rather than readability.
The findings concerning upper- versus lowercase letters and character size illustrate
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why task variables are so important. Legibility results and search task results do not
always mirror readability results.

words were read per fixation. Total reading
time was slightly longer with single spacing
than with double spacing. Of course, double
spacing required twice as much screen
space as single spacing to display the same
3. FORMAlTING
amount of text. But double spacing reduced
In this section we review the effects of the number of fixations by 3% and deformatting on the reading of textual mate- creased total reading time by 2%. The durials from computer screens. Another re- ration of individual fixations and the rate
view of formatting, prepared by Tullis
of fixations were not affected by the spacing
[1983], focused on computer-generated dis- variable. Kolers et al. [ 19811concluded that
plays that are not read from top to bottom double spacing was slightly better for preand from left to right, but rather are se- senting text than single spacing and may
lectively searched for information (e.g., be recommended assuming that screen
menu). space is not too costly.
searching a computer-display
Tullis’s review discussed many empirical
It is not yet known whether more than
studies of interest and provided guidelines double spacing between lines could further
for the development of computer-generated increase reading performance. In an early
display.
study using slide-projected displays [Ringle
A number of studies concerning the for- and Hammer 19641, a U-shaped function
matting of text on computer screens that between reading performance and spacing
used text editing as a task are not reviewed was found. Optimum spacing between lines
here [Card et al. 1983; Elkerton et al. 1982; of text on computer screens needs to be
Neal and Darnell19841. Text editing has a explored in a systematic manner with mulreading component, but other factors, such tiple levels of spacing.
as the method of searching the text, appear
to account for obtained differences.
3.2 Number of Characters per Line
The underlying characteristic that appears to be manipulated in most experi- Kolers et al. [1981] studied the effect that
ments on text formatting on computer 40 versus 80 characters per line had on eye
screens is text density. Differences in den- movements in reading scrolled and unsity have been achieved in several ways, scrolled text from a color TV monitor. Douincluding vertical spacing, number of char- bling the number of characters from 40 to
acters per line, line length, and number of 80 characters was achieved by halving the
lines on the screen. The effects of these width of the letters. In this study, both
40 and 80-character-per-line displays exvariables, as well as the effect of justifying
tended
the full width of the screen. The
the right margin of the text, are discussed
results showed that doubling the number
next.
of characters per line (by halving their
width) increased the number of fixations
3.1 Vertical Spacing
per line from 4.82 to 8.00. However, the
Kolers et al. [1981] studied the effect of total number of fixations per passage was
space between lines on reading perfor- decreased with 80 characters per line. In
mance. They recorded 20 subjects’ eye addition, the number of words extracted
movements as they read both scrolled per fixation was larger, the durations of
each fixation was longer, and the total
and nonscrolled texts with two different
spacings (single versus double spacing) reading time was shorter. In other words,
it appears that with 80 characters per line
from a 23-in. television (TV) monitor
slaved to a VDT. Previous research showed more information is extracted from the text
eye movements are a method of assessing with each fixation and reading is more
the cognitive effort involved in reading text. efficient.
Duchnicky and Kolers [ 19831 replicated
The results showed that single spacing produced more fixations per line; that is, fewer the finding that 80-character lines were
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read faster than 40-character lines from
text scrolled on VDTs at the subjects’ preferred rate. (They also manipulated characters per line by halving the character
width for the 80-character
line.) They
found that their 10 subjects read texts of
80-character lines 30% faster than those of
40-character lines. Comprehension of the
passages did not differ as a function of
number of characters per line.
The results of these two studies do not
indicate that 80 characters is the optimum
number of characters per line. The optimum may lie between 40 and 80 characters
or even at some value greater than 80 characters. Studies with many different numbers of characters per line are needed to
map a performance function in order to
determine the optimum number of characters per line.
3.3 Line Length

Duchnicky and Kolers [1983] studied the
effect of line length on reading times from
scrolled text on VDTs. The lines of text
were of three different lengths: full-screen
width, two-thirds-screen
width, and onethird-screen
width.
Line lengths were
varied independently
of the number of
characters per line. Each of the three
lengths was used with an 80- and a 40character line set. Duchnicky and Kolers
[1983] found that for both sets of characters, longer line lengths resulted in faster
total reading times for the passage. Reading
speed increased 28% from one-third-screen
width to full-screen
width. Full-screen
widths and two-thirds-screen
widths were
read significantly
faster than one-thirdscreen widths. Full-screen widths were read
faster than two-thirds-screen
widths, but
not significantly
so.
This finding is contrary to suggestions
made by Bouma [ 19801 for computer screen
displays based on eye movements during
reading. For high-density text he suggested
that either a vertically oriented screen be
used so that text columns are narrower or
that two columns of text be used on horizontally oriented screens. Bouma pointed
out that for long lines of text it is difficult
for the reader to accurately locate the be-
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ginnings of new lines after the long lateral
eye movement, particularly if there is close
vertical spacing. Duchnicky
and Kolers
[1983], however, found that longer lines of
text are read more efficiently from VDTs
than shorter lines. There is probably an
upper limit on this relationship
beyond
which performance would decrease. Research with wider than standard screens
and multiple columns of text are needed
to determine the line lengths that maximize reading performance
on computer
screens.

3.4 Number of Lines

The effect on reading times of the number
of lines displayed on the VDT was also
studied by Duchnicky and Kolers [1983].
They displayed either 1, 2, 3, 4, or 20 lines.
They found that reading speed increased
9% when the number of lines displayed was
increased from 1 to 20 lines and that 4 and
20 lines of text were read faster than 1
and 2 lines of text. Other differences with
regard to the number of lines of text were
not significant. These results suggest that
4 lines of text on the screen at a time are
read as efficiently as a full screen. Whether
there is some number of lines between 4
and 20 that would improve reading performance remains an open question.
All of the manipulations
used to vary
density of text on computer screens, from
vertical spacing to number of lines, have
affected reading rate. On the basis of the
studies reviewed, the number of characters
per line and the line length appear to have
the greatest effects on reading rate. Overall
(with the exception of the less powerful
spacing variable), it appears that the denser
the text, the faster it is read. This generalization is supported by the results of Duchnicky and Kolers [ 19831. They performed a
correlation between line density and reading rate. Their line density varied between
one-third of a 40-character line (average of
12.5 characters per line) and a full 80character line (average of 74.8 characters
per line). The correlation was positive and
very strong (r = 0.93); the denser the line,
the faster the reading rate.

Reading Text from Computer Screens
3.5 Right Justification

Justification
of the right margin does not
affect overall text density, but it does alter
the format of the text. Right-justified
text
has a straight right edge that is achieved
by varying spacing within the line and
sometimes using hyphens at the end of the
line. No research concerning right justification using computer screen presentation
was found, however, this topic is of special
interest for computer screen presentation
of text. Often software has a simple command that will display text in a rightjustified
manner or assumes that text
should be displayed in that manner.
The effects of right justification
on the
reading of printed materials have been
studied. A number of studies have compared the readability of right-justified
with
that of unjustified text and have found no
significant
differences in reading speed
and/or comprehension [Fabrizio et al. 1967;
Hartley and Burnhill
1971; Hartley and
Mills 1973; Wiggins 19671.
On the other hand, Gregory and Poulton
[1970] found that for poor readers, reading
comprehension
was significantly
worse
with right-justified
text than with unjustified text. However, the justification
effect
seems to be related to the line length of
text. The effect was obtained with lines
about 7 words long but not with lines
12 words long. Zachrisson [ 19651 also found
that poor readers read justified text more
slowly than unjustified text.
Trollip
and Sales [1986] found that
reading speed was reduced significantly
for college students with right-justified
computer-generated
text that was printed
on paper. Reading comprehension was not
affected by right justification.
Campbell et al. [1981] studied the effect
on reading speed of two different methods
of producing right justification
in computer-printed
text. One type of right justification was fixed character spacing. The
other type, variable character spacing, distributed
any extra space proportionally
both between and within words of the line.
The results showed that variable character
spacing produced significantly
faster reading speed than fixed character spacing; it
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also produced faster reading speed than
unjustified text.
Research is needed with screen-displayed
text to test the effect of the different types
of justification
on readability to determine
whether the same pattern of performance
occurs as with printed materials.
3.6 Conclusions

In general, it seems that more densely
packed screens (with the exception of the
amount of space between lines) and no
justification
or justification
with variable
character spacing produce more efficient
reading. However, there are a number of
limitations to these studies concerning formatting. One is that some variables, for
example, the effects of spacing between the
characters [Treurniet 19801, have not been
studied, except in a visual search experiment. Second, in order to optimize reading
additional
systematic
reperformance,
search is needed. Determining reading performance for two points (e.g., 40 versus
80 character line length) on a potentially
continuous variable does not provide the
information
needed to determine how to
optimize performance. Reading performance needs to be studied at several different
points for a given variable. Third, as with
printed materials [Tinker 1963131,some of
the formatting variables may interact with
other variables (one variable may differentially affect another). In this case, a number
of different variables need to be studied
in the same experiment. Although some
studies have used this approach (e.g.,
Duchnicky
and Kolers [1983]), more of
such studies are needed.
4. CONTRAST

AND COLOR

Two different areas of research concern the
use of color for text presentation on computer screens. One concerns polaritywhether text should be presented as light
characters on a dark background (positive contrast) or dark characters on a
light background (negative contrast). This
research has been done primarily
with
monochrome screens. The other area of
research concerns what combinations
of
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ground than with light characters on a dark
background. The poorest performance was
with high luminance of light characters on
a dark background.
4.1 Polarity
In a second study, Bauer and Cavonius
Research concerning polarity has been con- [1980] compared performance with a conducted with both paper materials and ventional positive contrast display that had
microfiche. For paper the results concern- a 50-cps refresher rate to that with a neging the effect of polarity have shown that ative contrast display that had a lOO-cps
black print on a white background is more refresher rate. To simulate work environreadable than white print on a black back- ments, subjects set their own brightness
ground (cf. Tinker [1963a]). This result levels. Nineteen subjects detected discrepappears to be due primarily to the larger ancies between nonsense words that apnumber of eye fixations required to read peared briefly on the VDU and those that
white print on a black background [Taylor were typed on paper. Again the results
19341. It has also been shown that about favored the negative contrast condition.
three-fourths of readers prefer to read black There were 23% fewer errors and 8% faster
characters on a white background rather performance times with dark characters.
than white characters on a black back- Subjective evaluations also showed that 18
of the 19 subjects preferred the negative
ground [Paterson and Tinker 19311.
The studies concerning polarity of contrast display.
microfiche have yielded mixed results.
In contrast to the results in these studies,
Some studies have shown that there are no Cushman [1986] found that subjects who
differences in performance or preferences read continuous text from positive contrast
for positive and negative contrast (e.g., (light character) VDTs reported less visual
Baldwin and Bailey [1971]). Other studies fatigue (as measured on a subjective rating
have shown an advantage for positive con- scale) than those who read from negative
trast and still others an advantage for neg- contrast (dark character) VDTs. This reative contrast. See Spencer and Reynolds sult occurred both with a white phosphor
[1976] for a review of this research. Cush- and a green phosphor VDT having a 60-cps
man [1986] suggests that some of the dis- refresher rate. Cushman found no significrepancies found in this research may be cant differences in reading speed or reading
due to the type of projection Screen (and comprehension as functions of positive and
the resulting psychophysical characters) negative contrast.
used in reading the microfiche.
In summary, the research on polarity
Generally, positive contrast (light sym- with computer screens seems to suggest
bols on a dark background) is used for that whether positive or negative contrast
computer screen displays because the promotes better readability or subjective
flicker is less apparent with common re- evaluations depends on the exact characfresher rates than with negative contrast teristics of the equipment. If the refresher
(dark symbols on a light background).
rate is relatively rapid (i.e., 100 cps), then
Bauer and Cavonius [1980] studied the dark characters on a light background may
effect of polarity. In their study, subjects be better. However, if the refresher rate is
had to read and then type nonsense words in the more common range (50-60 cps),
light characters on a dark background may
that appeared on a VDU. Twenty-three
subjects read under three conditions: high be better. The results of experiments such
luminance, negative contrast; low lumi- as these may differ according to environnance, positive contrast; high luminance, mental settings. For example, lighting or
positive contrast. A refresher rate of 100 other factors affecting the perceptibility of
cycles per second (cps) was used in all flicker could potentially change the relative
conditions in order to eliminate flicker. The reading performance or subjective evaluaresults showed that 26% fewer errors were tions with regard to positive and negative
made with dark characters on a light back- contrast.

background and character colors produce
the best reading performance.
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4.2 Color Background and Characters

The effects of different color combinations
of characters and backgrounds have been
explored extensively for printed materials;
see Tinker [1963a] for a review. For example, Tinker and Paterson [1931] studied the
speed of reading with 11 different color
combinations. They found black characters
on a white background to be the best, with
green on white a close second. The worst
combinations were red on green and black
on purple. In general, reading speed appeared to be determined primarily by the
brightness contrast between the print and
background. Preference ratings of readers
showed a close correspondence to the reading speed data.
Most of the research on color combinations for computer screens has concerned
the effects of the color coding of information on cognitive processing [Cahill and
Carter 1976; Carter 1982; Carter and Cahill
19791. For example, the effect of color coding on visual search has been studied extensively [Christ 19751 but is not particularly
relevant to reading.
Guidelines have been proposed for the
use of color on computer screens [Galitz
1985; Murch 1984; Robertson 1980; Smith
19781. Although these guidelines are interesting, they are generally based on extrapolation from knowledge of how the visual
system works and experience with computers-not on experimental findings with
computer screen users.
There are, however, a few studies on the
effect of color combinations on tasks involving reading of letters but not continuous reading of words. Radl [1980] studied
the effect of different character colors on a
dark background on a computer screen in
a letter-transcribing task. The character
colors were white, yellow, and green. Other
character colors were produced by using
yellow, orange, or amber filters in combination with the color characters. The
results showed that performance and preference varied widely for the different color
characters. The preference ratings yielded
larger effects than the performance measure, but the effects for the two measures
were parallel. The best performance oc-
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curred with the most preferred character
color-yellow with an amber filter. The next
best performance occurred with yellow
characters with an orange filter. From the
results of this study, Radl concluded that
the brightness and contrast of the characters seem to be more important than their
color.
Bruce and Foster [1982] had subjects
read aloud three lines of uppercase letters
and one line of digits from a Viewdata
screen. They used 42 character and background combinations. The character and
background colors were white, yellow, cyan,
green, magenta, red, and blue. Fifty-four
subjects participated in the study. Each
subject viewed one color character on six
different colored backgrounds. The analysis revealed that certain combinations of
colors and characters produced slow reading times: white characters on a yellow
background, yellow characters on a cyan or
white background, cyan characters on a
green or yellow background, green characters on a blue or cyan background, magenta
characters on a red background, and red
characters on a magenta background. Very
few errors occurred in any of the color
combinations.
Bruce and Foster [1982] compared their
results with an index of contrast in luminance between characters and background.
They found positive correlations between
this index and the rank ordering for the
reading times for all background colors except green. This result is consistent with
the notion that contrast in luminance
between characters and background is
an important factor in determining identifiability of colored characters on colored
backgrounds. Ohlsson et al. [1981] found a
similar pattern of results in a letter detection task.
Pace [ 19841 used a slightly different procedure for studying the effects of different
color combinations on a data input task
and a search task. Unlike Ohlsson et al.
[1981] and Bruce and Foster [1982], Pace
[ 19841 had subjects adjust brightnesscontrast settings on their color monitors to
their preferred levels before performing the
tasks. Thirty-six subjects viewed 8 color
combinations each, with a total of 24 difACM Computing
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ferent color combinations in the experiment. The results revealed no systematic
effects. There were no significant differences in the performance of either task
(search or data input) for the different color
combinations. The ordering of the color
combinations also differed for the two
tasks.
Pace’s results may not have been consistent with the earlier findings because
subjects adjusted the brightness-contrast
levels to make each color combination most
identifiable. There were systematic differences in the way brightness-contrast
settings were adjusted. The brightnesscontrast settings were higher in terms of
the mean voltage settings for negative contrast color combinations than for the positive ones. The differences in settings may
have reduced differences in performance
for the different color combinations.
This result is consistent with an observation made by a number of researchers
(e.g., Bouma [1980] and Shurtleff [1980]).
The problem in determining the relationship between color and identification or
readability on a computer screen is that
color is confounded by luminance and
luminance contrast. Bouma [1980], for example, concluded that legibility (and presumably readability) of text on a computer
screen depends not on the color but on the
luminance contrast. Dark characters on
dark backgrounds and light characters on
light backgrounds have low luminous contrast and are not very legible. Most of the
experimental data from computer screens
appears to be consistent with this notion.

All of this information would be useful for
any attempts to replicate the results and
reach conclusions concerning color and
readability.
5. DYNAMIC

TEXT

Computer screens provide options for presenting text that are not possible with the
printed page. These include dynamic presentation methods involving movement of
the text on the screen. In this section we
discuss reading experiments with five types
of dynamic text: vertical scrolling, Times
Square scrolling, rapid serial visual presentation (RSVP), segmented text, and
controlled-rate text.
5.1 Vertical

Scrolling

In vertical scrolling, text moves up or down
the screen in either a relatively continuous
or a line-by-line manner.
Kolers et al. [1981] studied the effect of
five different automatic vertical scrolling
rates. In a preliminary study two different
types of scrolling were compared: standard
line-by-line scrolling, in which text moved
upward in jumps from line to line, and a
smoother scroll in which text moved up
gradually a raster at a time. The preliminary study indicated that subjects disliked
and uniformly performed poorly with the
line-by-line scroll. In the main experiment,
therefore, only the rate of the smoother
scroll was studied. One rate involved no
scrolling, that is, a solid page of text. The
other four conditions were based on the
subjects’ preferred rate and deviations from
the
preferred rate. The four conditions were
4.3 Conclusions
(1) the preferred rate and rates that were
The available results on polarity and color (2) 10% slower than, (3) 10% faster than,
have shown that characteristics of the and (4) 20% faster than the preferred rate.
The results in the Kolers et al. [1981]
equipment, settings of the equipment, and
illumination can influence performance. study revealed that there were fewer fixaOne of the problems with these studies is tions and more words viewed per fixation
that procedures were not always well doc- as scrolling rate increased. The average duumented, making the replicability of the ration of fixations decreased with increases
results difficult. For example, for studies in scrolling rate. Of course, because of the
on color the CIE coordinates (way of spec- scrolled presentation, the more rapidly
ifying color), not just color names, should the text was scrolled, the shorter the total
be presented. The brightness-contrast set- reading time.
A comparison of the nonscrolled text
tings may also be needed. In some studies,
the subjects’ task was not clearly described. with text scrolled at the preferred rate
ACM Computing
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revealed that fewer fixations were required
with the nonscrolled text. In addition, there
were more words per fixation with the nonscrolled text. Moreover, the total time required to read a given passage was less for
the nonscrolled text than for the text
scrolled at the preferred rate. However, a
comparison of nonscrolled text with text
scrolled at a faster than preferred rate
shows that performance for text scrolled
10% faster than the preferred rate was
about equivalent to performance for the
nonscrolled text and that performance for
text scrolled 20% faster than the preferred
rate was superior to performance at the
preferred rate.
There were no significant differences in
comprehension for the different scrolling
conditions in the Kolers et al. [1981] study.
Thus, these data seem to indicate that subjects are able to pace their fixations to
accommodate different rates of scrolling
(within the range of rates used) without
adversely affecting comprehension.
Oleron and Tardieu [1978] studied the
effect of scrolling on the recall of text
presented on a computer screen. Each of
18 subjects read seven single-line sentences, scrolled in one of three ways:
(1) the whole set of seven sentences was
scrolled up the screen as a block; (2) a single
sentence at a time was scrolled, with one
sentence disappearing before the next appeared; (3) there was no movement of the
text, and all sentences appeared at the same
time on the screen. In all conditions the
total duration time on the screen for the
texts was the same (21 s). The results
showed that there was no significant difference in recall between the stationary text
and the two scrolled conditions combined
(3.0 versus 2.95 sentences per text recalled).
There was, however, a significant difference between the two scrolled conditions.
When text was scrolled as a block, recall
was significantly better than when text was
scrolled sentence by sentence (3.2 versus
2.7 sentences).
Using a word reading task, Schwarz et al.
[1983] compared scrolling and paging as a
means of changing screen contents for 20
inexperienced users. Scrolled information
moved continuously up or down the screen,
whereas paged information changed all at
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once. For both modes of operation, forward
and backward movement through the text
was controlled by a joystick. The experimenters found that mode of operation
had no effect on reading speed. However,
subjects’ ratings of paging versus scrolling showed that paging was preferred to
scrolling.
In summary, if scrolling is employed, it
should be smooth rather than line by line.
It appears that automatic scrolling may be
used at a rate at least 10% faster than the
preferred rate for maximum reading efficiency (fewer eye fixations without loss of
comprehension). There is no indication of
any advantage in using scrolling instead of
paging, and there may be a disadvantage,
particularly for inexperienced users. When
scrolling is used, it is apparently better to
scroll an entire block of text than individual
lines or separate sentences. Further research is needed on the effects of scrolling
on readability of continuous text with users
having different levels of computer experience or with different tasks and materials.
One situation in which scrolling may be
helpful, but that has not yet been explored
experimentally, is when a reader wants to
get some relevant information all on one
screen instead of having it split between
two screens.
5.2 Times Square Scrolling

Times Square scrolling is a name adopted
from the one-line display at Times Square
in New York City in which text moves from
right to left in a fairly continuous manner
as new text is presented from the right.
Text presented in this way looks as if it
were behind a slot, and it can move in either
smooth or jump movements. Times Square
scrolling is of interest because it allows text
to be presented in a very limited space.
Times Square scrolling is thus an available
option when a small display, such as a lightemitting diode (LED) display, or a limited
part of a CRT display is used to present
text.
Sekey and Tietz [ 19821compared reading
times and comprehension for TimesSquare-scrolled text with text presented in
line-by-line and standard-page formats.
For Times Square scrolling, they used a
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single 40-character line. The text moved experiment, 16 subjects read text presented
from right to left one character space at a by Times Square scrolling, with jumps of 1,
time by rapid rewriting of the line. The 2, 4, and 6 character spaces, displayed at
subjects controlled the rate of text presen- the rate of 272 words per minute. The line
tation. For the 40-character line-by-line
length for the display was 30 characters. In
format, an entire line of text was displayed the second experiment, 20 subjects read
on the center line of the computer screen Times-Square-scrolled text presented at
for a predetermined length of time and then the rate of 300 words per minute, with
was instantaneously replaced by the next jumps of 4, 6, 8, and 10 character spaces
and a line length of 40 characters for the
line. Two different conditions of line-byline presentation were used. In one, the display. Granaas et al. [1984] found that
automatic mode, the text was automatically
jumps of from 4 to 10 character spaces
presented, but subjects could speed the rate produced no significant differences in comup or slow it down. In the other condition,
prehension. Jumps of 1 character space
the manual mode, subjects had to advance produced poorer comprehension than comthe text one line at a time by pressing a bined jumps of 4 and 6 character spaces.
key on the keyboard. For the page-format Jumps of 2 character spaces resulted in
condition, the text consisted of printed pas- poorer comprehension than did jumps of 1
sages on paper. In the study, each of the character space. These results suggest that
24 subjects read text in all four formats.
having Times-Square-scrolled text preSekey and Tietz [1982] found that sub- sented in larger size jumps is more advanjects read the Times Square scrolling tageous than having a more continuous
significantly more slowly (96 words per movement of the text with small jumps.
minute) than the other three modes of presIn a third experiment, Granaas et al.
entation. The manual mode of line-by-line
[ 19841 compared reading comprehension
presentation (206 words per minute) was for short paragraphs presented in a normal
read significantly more slowly than the page format on a computer screen with that
of Times Square scrolling using jumps of 7
page format mode (278 words per minute).
There were no significant differences in character spaces (since that produced opreading speed between the automatic (225 timal performance in the earlier studies).
words per minute) and the manual modes In this experiment, 20 subjects read text in
of line-by-line presentation or between the both modes at two different presentation
automatic mode and the page format. The rates (300 and 500 words per minute). For
comprehension scores for the four presen- both rates, they found that comprehension
was better when reading the typical page
tation conditions did not differ significantly. Preference data for the three format than when reading Times Square
computer screen formats indicated that scrolling.
Monk [1984] reported a series of experisubjects liked Times Square scrolling the
ments on Times Square scrolling using a
least and the manual mode of line-by-line
presentation the most. The results of this procedure developed by Tinker [1965]. In
study suggest that Times Square scrolling this procedure, subjects read text twice: the
may not be a good way to present text on a first time under normal reading conditions
to familiarize themselves with the text and
computer screen.
Granaas et al. [1984] explored other ways the second time under experimental conof achieving Times Square scrolling. In two ditions. During the second reading, subjects
experiments in which text moved from were required to detect phrase substitutions
right to left on a CRT screen they studied in the text. The number of substitutions
the effect of jump size. Since rate of pres- detected served as the measure of reading
entation was held constant, these studies performance.
In the first experiment, Monk [1984]
concerned the trade-offs between jump size
and the duration of a stable display. Of varied the number of characteristics of
course, with larger jumps, the display was the moving text under four different
stable for a longer time period. In the first experimental conditions. Three of the
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conditions differed in either the size of the
jumps (3 or 6 character spaces) or the width
of the display (9 or 12 characters). In the
fourth condition
the text was jumped
through the display one word at a time. In
all conditions, the rate of presentation of
the text was held constant at 546 words per
minute. Since the average normal reading
speed for subjects was 276 words per minute, they were forced to read at a much
faster rate than normal. Ten different subjects performed Tinker’s reading task in
each of the four conditions, and no differences were revealed among the four conditions.
In a second experiment,
Monk [1984]
compared performance
in two TimesSquare-scrolling
conditions with performance in two control
conditions.
One
scrolling condition had a narrow display
(6 characters) with jumps of 3 character
spaces. The other had a wider display (20
characters)
with jumps of 6 character
spaces. In one of the control conditions the
text was presented line by line in 40character lines. The rate of presentation
for this control and the two experimental
conditions was 546 words per minute. In
the second control condition, the text was
displayed on the screen in its entirety, and
subjects were instructed to read as rapidly
as they could. Subjects read at an average
rate of 284 words per minute. The results
revealed no significant differences in performing the reading task between the two
scrolled conditions. Nor were there significant differences in performance between
the two control conditions, despite the very
different reading rates. However, the results showed that subjects performed better
in the two control conditions than in the
two scrolling conditions. Thus, this experiment also supported the idea that Times
Square scrolling is not as good as wholepage or line-by-line presentation.
In a third experiment, Monk [1984] varied the proportion of words that occurred
in their entirety in a given display. In order
to manipulate this variable, the width of
the display and the size of the jumps had
to be manipulated. For all conditions the
rate of presentation was held constant (546
words per minute). The results were con-
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sistent with the notion that the greater the
proportion of words that appear whole in a
display, the better the reading performance
for Times Square scrolling. Although it is
possible for the results in this experiment
to be explained by other variables, such as
display width or size of jumps, the simplest
predictor appears to be the proportion of
whole words.
In summary, when allowed to adjust the
rate of Times Square scrolling, individuals
read at a slower speed than with wholepage format. At a rate held constant at
normal reading speed or at a rapid rate,
reading performance is poorer for Times
Square scrolled text than for text in a page
format. Performance with Times Square
scrolling is also worse than with line-byline presentation.
For the range of jump
sizes studied by Granaas et al. [1984], a
jump of 4 to 10 character spaces in Times
Square scrolling produces better performance than jump sizes of 1 or 2 characters
for text presented at a constant rate. In
other words, having a stationary image of
the text for a longer period of time appears
to be more important than having the continuity in the movement of text that occurs
with the smaller jumps. Presenting whole
words in Times Square scrolling appears to
facilitate performance. In general, Times
Square scrolling does not appear to be an
optimal way to present text on a CRT. It
may be useful in some situations in which
text can only occupy a small area of a
screen; however, line-by-line and rapid serial visual presentations appear to be better
alternatives.
5.3 Rapid Serial Visual Presentation

Several studies have explored the feasibility
of presenting text one,or more words at a
time at a single visual location. This
method eliminates the need for eye movements during reading and has been called
rapid serial visual presentation
(RSVP).
The early studies of RSVP were done with
rolls of paper that were visible through
narrow windows [Bouma and de Voogd
19741 or film strips [Forster 1970; Potter et
al. 19801. Some of these studies have shown
that adults can read text presented in the
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RSVP mode at rates approximating
those
for normal text.
Recent studies with RSVP have used
computer screens as the display device.
Juola et al. [1982] compared reading comprehension for text presented in an RSVP
mode with that for text presented in its
entirety on a CRT (page mode). Forty-eight
subjects read text in both modes. In the
RSVP mode, text was presented one or
more words at a time. Three window sizes
were used-an
average of 5, 10, and 15
characters and spaces. These were average
window sizes since no words were truncated
or divided. A blank window was inserted
between sentences. The duration of the
presentation of each window of text was
varied and was either 200 or 300 milliseconds (ms). The different combinations of
window sizes and presentation
rates resulted in a range of rates from 200 to 700
words per minute. Subjects were not informed about the durations or window size
prior to the presentation of the text. In the
page mode, text was presented with no
more than 65 characters per line and about
14-20 lines. The total exposure durations
in the page mode spanned the same range
of exposure times as in the RSVP mode so
that direct comparisons of comprehension
could be made for the equivalent exposure
times. Prior to the presentation of the text
in the page mode, subjects were informed
about the duration of exposure by being
told how fast to read the text.
The results in the Juola et al. [1982]
study showed that for equivalent reading
rates, comprehension in the RSVP mode
was the same as or only slightly below that
obtained in the page mode. In only one
comparison was there a significant advantage of the page mode over the RSVP mode
for the multiple comparisons over the entire range of the presentation
rates and
materials used. This finding is somewhat
surprising given that individuals had years
of experience reading text in a page mode
and that prior to the experiment
they
had no experience reading in the RSVP
mode.
Unlike Juola et al. [ 19821, Masson [ 19831
found that reading comprehension
for
RSVP text was poorer than for pages of
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text. In each of three studies, more than 40
subjects read text in both RSVP and page
mode. Half of the subjects in each study
read at one of two rates (375 and 500 words
per minute or 500 and 700 words per minute, depending on the study) from a blackand-white video monitor. The studies each
used different measures of comprehension.
The results in all the studies consistently
showed that pages of text were comprehended better than RSVP text, with a
stronger effect for some reading rates and
some comprehension measures.
These differences in findings may be accounted for by the fact that in Masson’s
[1983] study there was no blank window
between sentences, whereas in Juola et al.‘s
[1982] there was. In Masson’s study the
beginnings and endings of sentences were
only indicated by uppercase letters and periods, respectively. In order to determine
what effect the blank window between sentences has on reading RSVP text, Masson
[ 19831 conducted two additional studies. In
one of these studies 48 subjects read text in
both RSVP and page mode. For RSVP text,
half of the subjects had blank windows
between sentences and half did not. The
results showed again that the page mode
resulted in more correctly answered comprehension questions than the RSVP mode;
however, the blank window between sentences reduced the difference in the results
obtained in the RSVP and page modes.
In another study Masson [1983] determined the effect that the duration of the
blank window had on reading RSVP text.
In this study 32 subjects read RSVP text
both with and without a blank window between sentences. For half of the subjects
the duration of the window was 0.5 s and
for the other half it was 1 s. The words
themselves were viewed for the same length
of time under all conditions. Comprehension was better with a blank window
between sentences than without one. The
duration of the blank window had no
effect.
The latter two studies indicate that a
blank window between sentences improves
comprehension for RSVP text, possibly for
the following two reasons: It helps the
reader divide the words into sentences more
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easily, and it gives the reader time to process the sentence.
Cocklin et al. [1984] also studied the
effect of RSVP presentation
on comprehension. In their first experiment,
they
compared RSVP with page presentation on
a CRT terminal. The RSVP text was presented one or more words at a time at the
center of the screen. After each sentence
there was a blank window. The average
lengths of the text segments were 5,10,15,
20, or 30 characters. Segments of text were
displayed for either 200 or 300 ms each.
The left-hand
side of the text always
started at the same location on the screen.
In some of the conditions the text segments
overlapped, that is, two successive displays
showed some of the same information.
By
presenting overlapping text, Cocklin et al.
[1984] tried to simulate the experiences of
normal reading, in which text is previewed
in peripheral vision before it is centrally
fixated. For the page presentation format,
viewing times were selected to span the
range of viewing times used in the RSVP
conditions. Twenty-four
subjects read text
in all presentation modes and at all rates.
As would be expected, the results showed
that comprehension
declined as reading
rates increased for both RSVP and page
modes. After 1 and 2 days of practice
with RSVP segments, comprehension was
equivalent for the RSVP and page modes.
When successive RSVP segments contained some common information
(as successive fixations would when pages of text
are being read), comprehension was worse
than when successive segments contained
no common information.
This effect was
small (7%) but reliable, indicating that redundant information
in RSVP text does
not improve readability.
Cocklin et al. [1984] conducted a second
experiment to determine the optimum window size and presentation rate for readability of RSVP text. In this experiment, six
window sizes varied from 5.9 to 19.6 characters wide and four rates varied from 200
to 800 words per minute. RSVP text was
presented in a manner similar to that in
the previous experiment. Seventy-two subjects read sentences in each combination of
window sizes and rates. Again, the results
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showed that comprehension was lower for
faster presentation rates. The results concerning the optimal window size showed
that a 12-character width (two or three
words) produced the best reading comprehension.
In summary, the results concerning
RSVP text are mixed. Some researchers
have found equivalent comprehension with
the RSVP and page modes, whereas others
have found poorer comprehension with the
RSVP mode. Having a blank window between sentences in RSVP text appears to
improve comprehension. When successive
segments of RSVP text overlap, reading
comprehension
is reduced. The optimal
RSVP window size appears to be about 12
characters.
The results with the RSVP are important
in that they demonstrate that text presented in unfamiliar
formats may be no
harder to comprehend than text presented
in the familiar page format. There is a
possibility
that after practice RSVP (or
other presentation
methods) will lead to
improved reading comprehension or speed
to match that obtainable with text in the
normal page format. In future studies it
may be useful to determine under what
conditions alternative modes of presentation, such as RSVP, are useful, rather than
to establish that they are (or are not) superior to regular page presentation.
For
example, in segmenting RSVP text taking
the linguistic content into account might
lead to improved reading performance.
5.4 Segmented

Text

A number of studies have explored ways of
presenting segments of text on computer
screens to enhance reading performance.
The segmentation of text is generally based
on either the linguistic
structure or the
number of characters displayed.
Pynte and Noizet [1980] conducted two
experiments to determine the optimal segmentation for French sentences displayed
on a video screen. In these experiments,
subjects controlled the appearance of the
next section of text and the disappearance
of the old one by pressing a bar. The next
section of text always appeared to the right
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of the old one. In the first experiment five
types of segmented text were compared:
word-by-word
presentation, no segmentation, and three different levels of segmentation
based on linguistic
constituent
structure. The linguistic constituents varied in size from noun phrase-verb phrase
to smaller segments consisting of adjectivenoun pairs and prepositional phrases. Ten
subjects read all five types of text. The
results showed that the total reading time
was longest for word-by-word presentation
of the sentences, a finding that might be
expected because of the number of bar
presses needed to see the whole sentence.
However, reading time was not the fastest
for no segmentation, as would be expected
on the basis of the number of bar presses.
The fastest total reading time was for sentences segmented on the basis of constituent structure,
with the optimum
size
segments depending on the length of the
sentences. For short sentences (7 or 8
words) the optimum segmentation was separating the noun phrase from the verb
phrase. For longer sentences (9-12 words)
a greater number of segmentations lead to
shorter total reading times.
In their second experiment, Pynte and
Noizet [1980] studied the effects of length
of words on the total reading time of segmented text. In this experiment, 14 subjects
read text segmented in seven different
ways: the five segmentation conditions of
the first experiment plus two conditions in
which segmentation violated the constituent structure (e.g., adjectives and adverbs
were separated from the words they modified). The results showed that, as in the
first experiment, the total reading time was
shortest for sentences with short words
with the noun phrase-verb phrase segmentation. For sentences with short words, no
segmentation was slightly worse than the
noun phrase-verb
phrase segmentation,
and the worst segmentation condition was
word-by-word
presentation.
For the sentences composed of long words, the fastest
total reading time was produced with no
segmentation and segmentation in which
there was word-by-word
presentation
in
which articles were grouped with nouns.
The results also suggested that total
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reading time increases greatly when segmentation separates two words that are
syntactically
linked and combines less
syntactically
related words. These results
suggested that optimal segmentation
requires smaller chunks when sentences
have longer words than when sentences
are composed of shorter words. The results are consistent with the idea that it
might be possible to accelerate sentence
comprehension by presenting sentences on
computer
screens in linguistically
appropriate segments.
Cocklin et al. [1984] studied the effect on
comprehension of chunking RSVP text according to “idea units.” The idea units were
determined by four judges who reached
88-92% agreement on the boundaries of the
units. In this experiment the chunks were
either structured on the basis of idea units
or randomly
determined.
The average
chunks of text were about 13 character
spaces. The randomly structured chunks
had a more consistent chunk size than the
idea units. The rate of presentation for the
RSVP text approximated normal reading
rates, 300 words per minute. Forty subjects
read RSVP text in both the idea unit and
random format. The results showed that
the idea units were better comprehended
than randomly parsed text, particularly
with the more difficult text passages. Thus,
the results in this experiment showed that
comprehension
could be improved when
text chunks were structured on a linguistic
basis rather than just on the basis of the
number of characters in the segments.
All of the studies concerning segmented
text mentioned above used competent adult
readers. Other studies of segmented text
have explored its use for teaching reading
to children or to second language learners.
Martin and Meltzer [1976] studied the
effect on oral reading fluency of presenting
sentences in a rhythmic manner in syllablesized segments. The text in their study was
presented dynamically syllable by syllable
on a g-in. TV monitor, with syllables added
to the sentence one at a time. The syllables
were timed by synchronizing them with the
onset of the syllables in a spoken utterance
of the sentence. Control materials (static
text) consisted of the same sentences
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presented visually all at once rather than
syllable by syllable. Twelve children viewed
the dynamic sentences, and 12 the static.
Before and after viewing the sentences they
read additional
sentences aloud so that
reading fluency could be judged. Subjects
who saw the rhythmic
sentences were
judged to read more fluently after viewing
the sentences than those who saw the static
sentences.
Martin et al. [1978] used rhythmic sentences to teach reading fluency in second
language learning
(Spanish).
Forty-five
high school students were assigned to one
of three groups: a rhythmic, static, or control group. The rhythmic and static groups
received sentences presented in a manner
similar to those in the Martin and Meltzer
[1976] study. The control group did not
view sentences on a display but received
the written materials as part of their classroom work. Pre- and posttests of oral reading fluency showed a greater improvement
in reading fluency for the rhythmic group
than for the static or control groups.
In summary, presenting text in segments
based on constituent
structure has been
found to be beneficial for reading. For
RSVP presentation, segmenting text on the
basis of idea units seems to lead to better
comprehension
than segmentation based
on the number of characters in the segments. The optimum segment size appears
to be larger than one word, but optimum
size depends on the length of the words in
the text. Segmenting text into syllables and
presenting those syllables in time to speech
appear to promote reading fluency in learning to read primary and second languages.
5.5 Controlled-Rate

Text

On computer screens, an entire screen of
text can appear instantaneously
or one
character can be added to the screen at a
time. When one character is added at a
time, different rates of presentation
are
possible. For some computer systems the
rate of presentation can be controlled by
the user; for others, it is fixed.
Bevan [1981] studied the effect that presentation rate has on text readability.
In
Bevan’s experiments,
text appeared one
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character at a time, from left to right and
top to bottom, starting in the upper lefthand corner of the screen. In the first
experiment,
there were four conditions:
10, 15, and 60 characters per second (100,
150, and 600 baud), and a word-by-word
presentation
rate that averaged 15 characters per second. The text was presented
on a VDU that displayed up to 20 lines of
upper- and lowercase characters. The text
was presented in a computer-aided instruction (CAI) mode: Text appeared on the
screen first, followed by multiple-choice
questions about the text, followed by remedial text if errors were made on the
questions. Comprehension
was measured
by both the multiple-choice
questions and
a posttest. Twenty-four
subjects read text
presented at each of the four rates. For the
fastest rate of presentation (60 characters
per second), more comprehension
errors
were made, but the reading and questionanswering tasks took less time. For the
slowest rate, the fewest comprehension errors occurred, but the tasks took the most
time. Thus, Bevan [1981] recommended an
intermediate
rate (15 characters per second) that would maximize both speed and
accuracy. There were no significant differences in performance between the word-byword and the letter-by-letter
presentation
for the 15-character-per-second
rate.
In Bevan’s [1981] second experiment, 12
subjects read text presented at four different rates (10,18,25, and 480 characters per
second) in the CA1 mode. The results
showed that fewer comprehension
errors
were made at the lo-character-per-second
rate than at the faster rates. As in the first
study, the time for completing the task
decreased with an increase in presentation
rate. The results also indicated that a rate
of presentation slightly faster than the normal reading rate (18 characters per second)
leads to more comprehension errors than
either a slower or much faster rate. The
results suggest that readers attempt to keep
up with the presentation
rate when it is
just a little too fast. As a result comprehension can suffer.
Tombaugh et al. [ 19851 also studied reading comprehension
and reading time as
functions of presentation rate. They used
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five presentation rates: 15,30,120, and 960
characters per second (150, 300, 1200, or
9600 baud), and “instant.”
For all except
the instant condition, text was added to the
screen character by character. For the instant presentation the full text appeared on
the screen all at once. Ninety subjects read
from one of the five presentation rates. The
text was presented single spaced on a VDU
screen, with up to 24 lines and 80 characters
per line. The text consisted of a standardized reading test. The text appeared on a
computer screen, and the comprehension
test was on paper. The results showed that
comprehension was highest for 30 characters per second and instant presentations.
Working times (times for reading and answering the questions) were significantly
greater for the 15-character-per-second
presentation but did not differ for the other
presentations,
probably because the 15
character-per-second
rate was below the
subjects’ normal reading speed (about 25
characters per second).
The results obtained by Tombaugh et al.
[1985] are in sharp contrast to those obtained by Bevan [1981], probably because
of a number of differences between the
studies. One appears to be the normal reading rate for the subjects, who seem to have
read faster in the Tombaugh et al. study
than in Bevan’s. A factor that Tombaugh
et al. isolated as critical is the amount of
time pressure subjects experienced in performing the tasks, which was fairly high
compared with the time pressure in Bevan’s
experiments. In a second experiment Tombaugh et al. found that with a reduction in
time pressure there were no significant differences in comprehension for the different
rates, but there was a tendency for the
slowest rates to produce the best comprehension. Therefore, the best rate of presentation
for text may depend on the
subjects’ abilities, the task, and the purpose in reading the text.
5.6 Conclusions

Computer screens permit a number of different types of dynamic text presentations.
Results of experiments to determine the
usefulness of these methods have ranged
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from mixed but promising (RSVP and segmented text) to negative (Times Square
scrolling) and seem to depend on the details
of the presentation method-for
example,
with the RSVP text, whether there is a
blank window between sentences. The results may also depend on the demands of
the tasks and abilities of the subjects. A
difficulty in research exploring novel presentation methods is that subjects bring
with them experience in the use of the
traditional control methods. Nevertheless,
the obtaining of comparable results using
novel and traditional
methods is encouraging and should stimulate more research.

6. SUMMARY
Many questions concerning the readability
of text from computer screens remain to be
answered. More empirical evidence on the
readability
of continuous
text needs to
be accumulated before conclusive design
guidelines can be developed, because either
the critical research has not been conducted
or there are methodological problems with
some of the research already done.
We have drawn some conclusions on the
basis of the reviewed research. It should be
emphasized, however, that in most areas
further research is needed. The conclusions
arrived at here should be considered working hypotheses that may need to be modified by the results of future studies. The
order of presentation parallels the organization of the paper.

Paper versus Screen Readability
Paper appears easier and faster to read
than computer screens, but the size of the
effect depends on the quality of both the
paper and screen presentation.
Even though users’ performance
may
not be as good with computer screens as
with paper, users may prefer computer
screens.
The smaller amount of information on a
computer screen as compared with that
on a paper page may reduce reading efficiency.
No one factor seems to account for the
lower readability
of text on computer
screens.
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Characters
l An
appropriate combination
of upperand lowercase letters seems to be better
for continuous
reading tasks, whereas
words in uppercase letters seem to be
easier to locate when searching a display
screen for specific information.
l Some conclusions
from research concerning printed materials seem to be applicable to computer screen presentations
in spite of font differences.
l For lowercase characters,
words may be
easier to read when character descenders
extend below the line of print.
l Variable-width
characters may be easier
to read than fixed-width characters.
l Optimum
character size seems to depend
on task variables: Larger characters are
better for search tasks and smaller characters for reading continuous text.
l Conclusions
derived from legibility studies on computer screens are not always
valid for optimizing readability.
Formatting
l More
than minimal
spacing between
lines of text appears to facilitate reading
performance; that is, double spacing appears to be better than single spacing for
reading.
l Text
with 80 characters per line on a
screen width seems easier to read than
text with 40 characters per line on a line
of the same length.
l Text with full-screen-width
lines appears
to be read faster than lines that are onethird or two-thirds
the width of the
screen.
l More than two lines of text at a time on
a screen appears to promote more efticient reading.
l For the range of values of the variables
studied, greater density of text on computer screens (except for vertical spacing)
seems to produce more efficient reading.
l Right
justification
appears to reduce
reading efficiency.
l If right
justification
is used, it appears
that text with variable character spacing
is easier to read than text with fixed
character spacing.
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Contrast and Color
. Dark characters on a light background
appear to be easier to read if the refresher
rate is rapid (100 cps), but light characters on a dark background appear to be
easier to read for slower refresher rates
(50-60 cps).
* Some combinations
of character and
background colors are difficult to use, for
example, dark characters on dark backgrounds and light characters on light
backgrounds.
l The
adjustment of brightness-contrast
settings may compensate for some of the
difficulties in using certain color combinations.
l High
luminance contrast between character and background seems to lead to
better performance
regardless of the
colors.
Dynamic Text
0 Smooth vertical scrolling appears to be
easier to read than line-by-line
vertical
scrolling.
Nonscrolled text seems to be read more
efficiently than a text scrolled vertically
at an individual’s preferred rate.
Text scrolled vertically faster than the
preferred rate by 10 or 20% may be read
more efficiently than nonscrolled text.
When scrolling is used, it appears that
blocks of text rather than individual lines
or sentences should be scrolled.
For inexperienced
users, paging rather
than vertical scrolling may be preferred
for reading.
Times Square scrolling does not appear
to be a good method for text presentation.
If Times Square scrolling is used, jumps
of 4 to 10 characters appear to be better
than jumps of 1 or 2 characters.
Reading performance with Times Square
scrolling appears to be better when whole
words are presented in a given display
than when words are divided between
successive displays.
l Rapid serial visual presentation
(RSVP)
may not be detrimental to reading efficiency.
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For RSVP text, a blank window between
sentences seems to improve performance.
For RSVP, it appears that there should
not be overlapping information
on successive displays.
The optimum size segment for RSVP
seems to be about 12 characters. However, segmenting RSVP text on the basis
of linguistic structure appears better than
segmenting it only on the basis of the
number of characters.
Presenting text on a computer screen in
a way that emphasizes the linguistic
structure may facilitate reading performance.
The optimal way of presenting linguistic
segments of text appears to depend on
the composition of the sentences.
In learning to read a primary or secondary language, dynamically presented sentences in which syllables are timed to
match spoken utterances seem to lead to
greater reading fluency than when sentences are presented all at once.
The optimal presentation rate for text in
which characters are presented at a controlled and constant rate appears to depend on the subject’s task and abilities.
For character-by-character
presentation,
presentation rates that are slightly faster
than subjects’ reading rates appear to
reduce reading performance.
Presentation rates that are equivalent to
subjects’ reading rates for character-bycharacter presentation or instant presentation of a whole screen of text appear
to optimize reading performance.
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