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FOREWORD

This report is one of a series describing symbol legibility for television
display. Additional information on this topic may be found in the following
reports: ''Studies of Display Symbol Legibility: The Effects of Line Construc-
tion, Exposure Time, and Stroke Width,' by B. Botha and D. Shurtleff, The
MITRE Corp., Bedford, Mass., ESD-TR-63-249, February 1963; ''Studies of
Display Symbol Legibility, II: The Effects of the Ratio of Width of Inactive to
Active Elements Within a TV Scan Line and the Scan Pattern Used in Symbol
Construction,' by B. Botha and D. Shurtleff, The MITRE Corp., Bedford,
Mass., ESD-TR-63-440, July 1963; "Studies of Display Symbol Legibility,

IO: Line Scan Orientation Effects,' by B. Botha, D. Shurtleff, and M. Young,
The MITRE Corp., Bedford, Mass., ESD-TR-65-138, May 1966; ''Studies of
Display Symbol Legibility, IV: The Effects of Brightness, Letter Spacing,
Symbol Background Relation, and Surround Brightness on the Legibility of
Capital Letters," By D. Shurtleff, B. Botha, and M. Young, The MITRE
Corp., Bedford, Mass., ESD-TR-65-134, May 1966; ''Studies of Display
Symbol Legibility, V: The Effects of Television Transmission on the Legi-
bility of the Common Five-Letter Words," by G. Kosmider, The MITRE
Corp., Bedford, Mass., ESD-TR-65-135, May 1966; ''Studies of Display
Symbol Legibility, VI Leroy and Courtney Symbols, ' by D. Shurtleff and

D. Owen, The MITRE Corp., Bedford, Mass., ESD-TR-65-136, May 1966;
""Studies of Display Symbol Legibility, VII: Comparison of Displays at 945-
and 525-Line Resolutions, " By D. Shurtleff and D. Owen, The MITRE Corp.,
Bedford, Mass., ESD-TR-65-137, May 1966; and ''Studies of Display Symbol
Legibility, VIII: Legibility of Common Five-Letter Words,' by G. Kosmider,
M. Young, and G. Kinney, The MITRE Corp., Bedford, Mass., ESD-TR-65-
385, May 1966. ''Studies of Display Symbol Legibility, IX: The Effects of
Resolution, Size, and Viewing Angle of Legibility," by D. Shurtleff, M. Marsetta,
and D. Showman, The MITRE Corp., Bedford, Mass., ESD-TR-65-411, May
1966.

The author is grateful to Dr. G. C. Kinney and Dr. D. A. Shurtleff
for their help in conducting and reporting this study.
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ABSTRACT

The legibility of standard Leroy alphanumeric symbols was compared
with a new font, the Lincoln/MITRE (L/M) font. Legibility was tested by
having human subjects attempt to identify the symbols when seen one at a time
for a brief exposure period. The results showed the L/M font to be more
legible than the standard Leroy. It is recommended that the two fonts be com-
pared in a similar test on a TV monitor; this study is presently being conducted.

REVIEW AND APPROVAL

Publication of this technical documentary report does not constitute Air Force
approval of the reports findings or conclusions. It is published only for the
exchange and stimulation of ideas.

T

MES D. BAKER ./ROY MORGAN

": 703 Project Officer Colonel, USAF' ' '
Decision Sciences Laboratory Director, Decision Sciences
Laboratory
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SECTION I

INTRODUCTION

A set of alphanumeric symbols (letters and numerals) which is known to
be legible in different kinds of visual displays would be useful in many systems.
Such a symbol font, or style, would retain good legibility whether being dis-
played on a television monitor, a beam-writing cathode ray tube, a printer, or
a large board display. The font's legibility is best tested by having human sub-
jects attempt to identify the symbols, or otherwise read something printed with
the symbols. One way of determining the legibility of a set of alphanumerics is
to expose the symbols briefly to subjects one at a time, and to record the er-
rors made for each symbol shown. The font's legibility is shown by the total
errors made, and specific confusions of one symbol with another suggest de-

sign changes to improve symbol clarity.



SECTION II

TESTS

At MITRE, many such tests have been made of several different

[i;2.8]

fonts and an attempt is being made to develop a font of more universal

application.

The tests are made by deteriorating the viewing conditions until errors
occur, and then noting the number of errors and their distribution among the
symbols [4] . Conditions can be deteriorated by reducing the brightness of both
symbol and background, by reducing brightness contrast between symbol and
background, by blurring the symbols, by reducing the size of the symbols, by
reducing exposure time, and so on. If conditions were so deteriorated that the
subject had no basis on which to identify symbols, the symbols called by the
subject would be unrelated to the symbols shown, and the frequency with which
each symbol was called would depend on the subject' s guessing preferences.
When viewing conditions are made a little better, a distribution of errors is of-
ten found in which a few specific confusions between symbols (for example, be-
tween B and 8) comprise a large proportion of the total number of errors. When
this happens, the total number of errors often can be reduced by modifying the
symbols [1]. Since the effects of symbol changes cannot always be predicted,
the changed font must be tested & . A uniform distribution of error (with no
specific confusion containing a large proportion of the errors) probably indi-
cates that factors other than symbol style (for example, deteriorated viewing
conditions) are more important than style in causing errors. When a low er-
ror rate with a fairly uniform distribution of errors is obtained, it may not be
necessary, or even possible, to improve the font further. To improve the legi-
bility of a set of alphanumerics, then, the designer tries to eliminate large
specific inter-symbol confusions by test, hopefully obtaining a set of alphanu-
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merics which, under deteriorated viewing conditions, gives a low error rate

and a more uniform scattering of errors among symbols.

DEVELOPMENT OF ALPHANUMERICS

In an attempt to develop legible alphanumerics for displays, a font which
has been successively modified in earlier work (see Figure 1) has been tested
by comparing it with standard Leroy, a font known to have good legibility (see
Figure 2). The font tested is similar to that designed by Harris, et al., at
(5]

M.I.T.'s Lincoln Laboratory for the Charactron tube The font used in
the Charactron was developed from one (Mackworth's) previously found to have
good legibility. Later tests with the Charactron font produced an improved let-

5
ter I 5] . In an unpublished study at MITRE, Sanders tested a similar font with

anew Q and Z and the improved I [4]. The differences between the Charactron
alphanumerics and the font tested in the experiment reported here (hereafter
referred to as the Lincoln/MITRE, or L/M, font) include the new Q suggested
at Lincoln Laboratory and tested by Sanders, an 8 similar to that suggested,
but not tested, by Harris, et al., Lincoln Laboratory's improved I that was

used by Sanders, and a new C, 2, and ff whose designs were suggested by other

work done at MITRE.

Some of this work was an evaluation of a set of alphanumerics which was
formed from television lines controlled digitally Le] ; changes in the C, D, O,
P, S, 1, 5, 8, and § reduced the number of errors. The opening up of the C
suggested a similar change in the Lincoln/MITRE font. In another experiment
[2], eleven letters and numbers (B, C, G, I, O, Q, S, 1, 5, 8, #) and the dol-
lar sign from the Leroy and the L/M fonts were tested under conditions similar
to those of the experiment reported in this paper; many more errors were made

with the Leroy than with the Lincoln/MITRE symbols. This result suggested
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that the two fonts be compared using all 36 alphanumerics, and that the Lincoln/
MITRE font would be a good choice to begin with in designing a font legible in
many kinds of displays.

In the experiment reported here (in which the symbols were light on a
dark background), the brightness of the symbol was varied, with the background
held constant, so that the brightness of the symbol and the brightness contrast
between symbol and background varied simultaneously. Capital letters and the
numerals were presented briefly in a tachistoscope one at a time to each subject,
and errors were recorded. Each subject was tested with both fonts. From the
recorded errors, confusion matrices (which show errors called out for each
symbol shown) were constructed for each font. Fewer errors were made at
each symbol brightness level on the L/M font than on the Leroy font. It is con-
cluded that the L./M font may be better for display use than a standard font such
as Leroy, and that it is a more promising font to develop further for use in dif-

ferent kinds of displays. The details of this experiment are reported below.

The confusions found in the experiment reported here should indicate
which symbols to modify in order to make the font more legible. After modifi-
cations are made, the new font will be compared with the present font to see if
the changes reduce errors. In addition, the present font will be tested on tele-
vision to see if it is still more legible than a conventional font, and to suggest
design changes for television use. The nature of these tests and their results

is made clearer in the details which follow.

APPARATUS FOR TESTS

[2
The tachistoscope has been described in detail previously ] (see Fig-
ure 3). Each set of alphanumerics was photographed on a 35mm strip of film,

with one symbol per frame. One film strip with 180 symbols was made for each
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font (see Figures 1 and 2). The symbols had a height to stroke-width ratio of
approximately 6 to 1, and a height-to-width ratio of approximately 4 to 3. Sym-
bols were clear with the rest of each frame opaque. At one end of the tachisto-
scope, the film passed from one reel to another behind an opening just large
enough to expose one symbol. A mechanical shutter was mounted between the
film and a battery operated, incandescent light. The shutter was activated when
the subject pressed a button, and allowed a 10 msec. exposure of the symbol.
Each symbol subtended approximately 16 inches of arc at the subject's eye. The
image of the background (which was a rectangle of white styrofoam) was reflect-
ed by a beam-splitter through which the subject could see the symbol; the symbol
thus appeared to be superimposed on the background. The background bright-
ness was held constant at 1 ft. L, and the brightness of the symbol was either
10, 8, 6, or 4 ft. L. The symbol brightness was held constant throughout each
session. The brightness of symbol and background were measured through the
eyepiece of the tachistoscope with a calibrated Spectra Brightness Spot Meter
before and after each experimental session. Symbol brightness did not vary
more than +0. 4 ft. L, nor the background brightness by more than +0.1 ft. L,

from the stated values.

PROCEDURE

The subjects were nine MITRE employees who scored at least 20/20 for
both near and far acuity, either corrected or uncorrected, in the Bausch and
Lomb Ortho-Rater. The Ortho-Rater includes tests of near and far acuity, lat-
eral and vertical phoria, color sensitivity, and depth perception. No subject

had an extreme phoria score or was color blind.

Symbols were shown in a tachistoscope one at a time to each subject.

Each of the 36 symbols appeared 5 times at random with respect to alphabetic



or numeric order on each film strip. In each experimental session the subject
saw all of the 180 symbols on one film strip. By advancing the film either one or
two frames at a time, and by beginning at either end of the film strip, the exper-
imenter showed the symbols of each font in four different random sequences in
the four sessions with that font. The subject was given a photograph of the alpha-
numerics to be seen in each session, and could refer to it at any time during

the session. Three short rests were given in each session, dividing the session
into quarters. Four subjects saw the L/M font at 10, 8, 6, and 4 ft. L in four
successive sessions, and then the Leroy at 10, 8, 6, and 4 ft. L; five subjects
saw Leroy first, and then /M. Each subject, therefore, was tested in eight
experimental sessions, with no more than two sessions for each subject per day.
For each font at each symbol brightness value, there were 1620 symbol expo-
sures (one session with each of nine subjects, and 180 symbols per subject per

session).



SECTION IO

EVALUATION

RESULTS AND CONCLUSIONS

Table I shows the total errors (for all nine subjects) and the percent er-
ror (of the total number of responses) at each value of symbol brightness. Fig-
ure 4 shows the percent error plotted against symbol brightness for both fonts.
At each value of brightness, fewer errors were made with the Lincoln/MITRE
font than with the Leroy font. At each brightness value, each subject's error score
on L/M was subtracted from his socre on Leroy, and for each brightness value, a
one-tailed, correlated t test of the difference in errors between fonts was done.
At 4 ft. L the difference in errors between Leroy and L/M was not statistically
significant. At 6 and 8 ft. L, the differences were significant at the 5 percent
level. At 10 {ft. L, the difference was significant at the 1 percent level.

The distribution of errors for both fonts at each brightness value is
shown in Tables II through IX. At the lowest brightness, 4 ft. L, the most fre-
quently occurring confusions for Leroy (Table II) were C~G (including both
C-called-G and G-called-C), B-8, 0-Q, S-5, C-O, 8-called-6, and 6-called-G.
These confusions, which involved nine symbols, contributed 41 percent of the
total error. For L/M (Table III), the most frequently occurring confusions were
Z-2, F-P, 0-Q, S-5, O-called-G, T-called-I, and I-1; these confusions, in-
volving twelve symbols, contributed 29 percent of the total error. It appears
that a larger proportion of the total error at 4 ft. L was concentrated in fewer

symbols for Leroy than for L/M.

With Leroy at 6 ft. L, Table IV shows that the O-Q, B-8, C-called-G,
and S-called-5 confusions, involving eight symbols, comprised 79 percent of

the total error, while with L/M (Table V) nine symbols in the Z-2, 4-called-Q,

10



Table I.

Total Errors and Percent Error for Nine Subjects for Both
Fonts and Four Symbol Brightness Values in Ft. Lamberts

Symbol Number of Errors Percent Error
Brightness
Leroy L/M Leroy L/M
10 32 4 2.0 .2
8 27 10 L .6
6 53 33 3.3 2.0
4 198 162 12.2  10.9
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F-called-P, O-called-G, and O-called-Q confusions comprised 61 percent of the
error. Again, a larger proportion of the total error was concentrated in fewer
symbols for Leroy than for L/M. Tables VI and VII, for 8 ft. L, and Tables VIII
and IX, for 10 ft. I, also show that the error was greater and concentrated in
fewer symbols for Leroy than for L/M. It is concluded that the L/M font is more
legible than the Leroy.

The errors made with the L/M font with brightnesses of 8 ft. L and lower
involved, first, the Z and 2 at 8 ft. L (Table VII). The O-called-Q, F-called-P,
and O-called-G confusions appeared at 6 ft. L (Table V). (The 4-calle;1—Q con-
fusion in Table V is probably an anomaly, and is not discussed further.) Final-
ly, at 4 ft. L (Table III), the 5-S confusion appeared. It seems that the Z, 2,

F, P, O, Q, G, S, and 5 may need to be modified in the L/M font if errors are

to be reduced further. This point is discussed later.

The results of this study agree with the finding of the 12-symbol study[Z],
described earlier, that performance is better with L/M than with Leroy. A di-
rect comparison of the results of the two studies shows that the percent error
for each font at each brightness value was slightly lower in this experiment,
probably due to the inclusion of the easier alphanumerics. The four worst con-
fusions with Leroy were the same in both studies, but the two worst confusions

with L/M in this study included symbols not among the twelve in the earlier
study-

In summary, the results were as follows:

1. Fewer errors were made at each symbol brightness value with L/M

than with Leroy.

2. At 8 and 10 ft. L the error rate with L/M was very low; with Leroy

it was higher, and was no better at 10 than at 8 ft. L.
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3. The differences in number of errors between fonts were statistically

significant (according to £ tests) at 6, 8, and 10 ft. L.

4. A higher proportion of the error was concentrated in fewer confusions

with Leroy than with L/M.
The conclusions are as follows:

1. The L/M font is more legible than the Leroy font, and
2. The L/M symbols Z, 2, F, P, O, Q, G, S, and 5 are most often con-

fused.

RECOMMENDATIONS

The lower error rate and the greater scattering of errors suggest that,
for different displays, the L/M font may be a better choice than a standard font
similar to Leroy. At the same time, the concentrations of errors found for
L/M indicate that the font may be improved further by changing the symbols
most often confused. It may not be necessary to change all of these symbols in
order to reduce confusions among them. Nevertheless, in improving the font,
it seems reasonable to begin with the symbols in the worst confusions. A test of
the improved font will then be made. Before any symbols are modified, it
seems wise to collect more data on inter-symbol confusions when the font is

tested under conditions that occur in different types of displays.

Television, for one, presents many unique problems, such as the cutting
up of symbols by the television lines. Therefore, the L/M font should be com-
pared with a conventional font, such as Leroy, on television. This study is pre-

sently being done.

It is recommended that the L/M font be used when improved legibility is

desired in displays using solid-stroke numerals and capital letters.
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