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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, III:
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
Capitol 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 Legibility 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; ''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; '"Studies of
Display Symbol Legibility, X: The Relative Legibility of Leroy and Lincoln/
MITRE Alphanumeric Symbols, " by D. Showman, The MITRE Corp., Bedford,
Mass., ESD-TR-66-115, August 1966; '"Studies of Display Symbol Legibility,
XI: The Relative Legibility of Selected Alphanumerics in Two Fonts, " by

G. Kinney and D. Showman, The MITRE Corp., Bedford, Mass., ESD-TR-66-
116, August 1966; '"Studies of Display Legibility, XII: The Legibility of Alpha-
numeric Symbols for Digitalized Television, " by G. Kinney, M. Marsetta,

and D. Showman, The MITRE Corp., Bedford, Mass., ESD-TR-66-117,
August 1966; ""Studies of Display Symbol Legibility, XIII: Studies of the
Legibility of Alphanumeric Symbols in the BUIC Symbol, " by G. Kinney and

D. Showman, The MITRE Corp., Bedford, Mass., ESD-TR-66-302, August
1966; and "'Studies in Display Symbol Legibility, XIV: The Legibility of
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FOREWORD (Cont. )

Military Map Symbols on Television,' by M. Marsetta and D, Shurtleff,
The MITRE Corp., Bedford, Mass., ESD-TR-66-315, September 1966.
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ABSTRACT

The first two studies are reported from a planned series of studies
to obtain legibility data on teletyped hourly sequence weather reports.
In the first study, subjects were asked to identify symbols, shown singly
in a random order with the symbols occurring with equal frequencies.
The two teletype fonts, Murray and Long Gothic, were compared with a
standard Leroy font. The second study used the teletype fonts only, and
the subjects identified symbols shown with symbol frequencies similar
to those in typical hourly sequence reports. For these experimental
conditions, the teletype fonts were not as legible as the standard Leroy
font although the symbol frequencies found in typical hourly sequence
reports improved the subjects' reading performances.

This is the final report of Project 7030.
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SECTION I

INTRODUCTION

One of the printed materials that is read and processed by oper-
ators in air defense and air traffic control systems is a teletyped
weather report. The most frequently occurring report is the Hourly
Sequence Report (HSR) which is made on the hour, every hour, at
weather stations throughout the world. In the United States, as in
many other places, the HSR is teletyped on yellow paper in standard
codes and formats. The symbols are of two styles (or fonts), Long
Gothic and Murray (see Figures 1 and 2). The legibility of the sym-
bols in these two fonts is of interest, especially to designers of
display systems who contemplate using closed-circuit television mon-
itors to distribute the HSR to interested viewers.

The information on legibility of most value to the display
designer is the relation between the viewer's ability to read the HSR
rapidly and accurately and the resolution of the symbol on the monitor,
usually .expressed by the number of active TV lines per symbol height.
Similar information on other symbols has been obtained,[1’2’3] and
the same techniques are applicable to any font. The HSR, however,

differs from other textual materials in its strict adherence to a

fixed format and in the fact that some symbols occur far more frequently
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than do others. Both the fixed format and the unequal frequencies of
occurrence of syﬁbols are commonly known to influence the reading
performance of a viewer. Usually, this influence enables the viewer
to perform well at resolutions and brightness contrasts where other
unformatted and less redundant materials would be harmfully illegible.
Therefore, the results of earlier studies on symbol legibility are
not directly applicable to the HSR, which must be studied on its own.
The results of these studies may then be related to those of similar
studies, if this seems wise.

In these studies, the legibility of a font is measured by the
accuracy with which viewers, having normal vision, can identify the
symbols. In a display, the viewing conditions (symbol brightness,
contrast with background, exposure time, size, etc.) may cause a
viewer to make errors in identifying some symbols. With these con-
ditions, some fonts may be easier to read accurately than others.

One way in which the legibility of a font may be tested is to dete-
riorate the viewing conditions in a controlled laboratory experiment
until viewers make some errors or take an excessively long time to

(47

identify some symbols, The resulting distribution of errors among
the symbols may reveal consistent confusions. If some of the symbols

are redesigned, it may be possible to improve the legibility of a font.

oL

" See pages 1 and 2 in Reference 4.




Since the effects of a change in design are not always predictable,
the legibility test should then be repeated for all the symbols in
the font.[1’3]*
In the case of the HSR, the format and the unequal frequencies
of symbol occurrence are two distinguishing features which have effects
on reading performance which may also be studied in a laboratory setting.
A sequence of studies that reveals different effects in a systematic
order would begin with a comparison of Long Gothic and Murray symbols
with the symbols of a font known to have good legibility, such as
standard Leroy (see Figures 3 and 4). This first study would be done
with excellent viewing conditions, except for the duration of exposure,
and with equal frequency of occurrence of symbols. The second study
would retain the same conditions, except that the frequency of symbol
occurrence would closely approximate the distribution found in the HSR.
This paper reports the first two studies in the series. The third and
fourth studies would repeat the first two except that the symbols would
be seen on a TV monitor with various resolutions. The fifth and sixth
studies would be done with the formatted HSR viewed directly and on TV.
Possible seventh and eighth studies would repeat studies five and six,

except that the subjects would be highly experienced personnel who are

familiar with the HSR format. These studies should provide the system

*
See page 3 in Reference 1 and pages 1 and 6 in Reference 3.
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user with the specific information he needs to optimize display legi-
bility and capacity at the same time,

There are other results from such a study series that are of more
general value. The effects of unequal frequency of symbol occurrence
on the speed and accuracy of symbol identification have general interest
in the study of man/machine communications. The effects on legibility
of display by TV have widespread interest, especially if there is an
interaction between symbol frequency distribution and mode of display
(direct viewing and TV display being the two modes). Finally, there
are possible benefits of viewer familiarity and experience which per-
mit the designer to use lower-than-ordinary resolution and clarity,
thus increasing display capacity.

For the first two studies in the series, one of the manufacturers
of teletype machines (Teletype Corporation) was asked for information
about the symbol fonts on the machines of the HSR circuits. Both the
military and the civilian users specify Teletype Corporation's model 28
machine. The military teletype printers have type pallets (the part
with the symbol embossed on it which prints the symbol) of the Long
Gothic font for the alphanumeric symbols, plus five type pallets of
the Murray font for the zero and the four weather (or cloud-cover)

symbols O, @, @, and @&, (called clear, scattered, broken, and overcast).




This combination of the two fonts will be called the Long Gothic font
in this paper. The civilian teletype printers have type pallets of
the Murray font for all of the symbols.

The first study compared the legibility of the Murray and Long
Gothic fonts with a standard Leroy font which is known to have good
legibility. All the fonts were seen with an equal frequency of occur-
rence of the symbols and with good viewing conditions except for the
exposure time. These conditions were obtained with a tachistoscope
using photographed 'ideal' symbols as the stimuli, By 'ideal' sym-
bols, it is meant that each symbol has sharply defined edges and all
the symbols of one font have a uniform height and stroke-width. The
comparisons between the fonts were made at three symbol brightness
values with the same short exposure time of the symbols at each bright-
ness., It was found that decreasing the brightness had less effect on
each viewer's ability to identify symbols in the Leroy font than in
the Murray or Long Gothic fonts. Also, the Long Gothic font was the
least legible of the three fonts.

The second study compared the Long Gothic with the Murray font
under the same viewing conditions as the first study, but with the
frequency of symbol occurrence as found in the HSR's from Westover
Air Force Base. Appendix I describes how this Westover frequency

distribution was obtained. The occurrence of certain symbols in the




HSR's depends, of course, on the weather conditions being reported.
These conditions vary with the seasons and the geographical areas.
Westover Air Force Base was selected for counting the frequency of
occurrence of the symbols in HSR's because it is in an area which
experiences many different seasonal weather conditions over the year.
The second study showed that, at the lowest brightness value and with
the Westover frequency of symbol occurrence, the percent error in
identifying the symbols was less than half that in the first study.
From the results of these first two studies, the legibility of
both the Long Gothic and the Murray fonts should be improved by re-
designing the four weather symbols and some of the alphanumeric sym-
bols. Changes in the design of the weather symbols are discussed
later. Changes in the design of the alphanumeric symbols to make
them similar to those of the Lincoln/MITRE symbols[aj would prob-

ably improve their legibility.

10




SECTION II

EXPERIMENT 1

In this experiment, the legibilities of the Murray and Long Gothic
fonts were compared with a standard Leroy font, with the symbols in
each font appearing with equal frequency. To compare the legibility of
different fonts, the symbol sizes and stroke-widths should be similar

(s,6]

because stroke-width affects legibility. Both the Long Gothic and
Murray fonts have a narrow stroke-width. The stroke-width of the stan-
dard Leroy font, which was compared to the Long Gothic and Murray fonts,
was reduced to make the symbol size and stroke-width the same for all
three fonts. This narrow-stroke Leroy will be called the N-S Leroy
font in this paper (see Figure 3), and a standard Leroy font with a

6 to 1 ratio of symbol height to stroke-width will be called the wide-
stroke, or W-S Leroy font (see Figure 4). An earlier experiment with

(4]

W-S Leroy had been done under the same conditions as this first
study with the exception that the symbol brightness settings were 10,
8, 6, and 4 foot-Lamberts. A comparison of the results for the W-S

and N-S Leroy fonts will indicate differences in legibility due to the

stroke-width of the symbols.

APPARATUS AND PROCEDURE
The symbols were displayed to the subjects in the tachistoscope

shown in Figure 5. This device was a T-shaped tube of rectangular

11
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cross-section (4 x 6 1/2 inches) arranged so that the subject could

peer into one end of the cross of the T to see the other end at a
distance of 54 inches. A beam splitter was mounted in the tube at

the intersection of the cross and stem of the T to reflect the image

of the base of the stem and to transmit the image of the opposite end

of the cross at the same time. The two end spaces were thus super-
imposed and at the same apparent distance from the subject's eyes.

There was a 1/2-inch diameter hole in the center of the far end of

the cross of the T. A 35 mm film strip of the symbols was positioned
behind this hole and was lighted from behind by a battery-powered,
incandescent lamp. The subject saw a single symbol on the film strip
when he looked through the tachistoscope eyepiece with the light-shutter
open. For the film strips used in this experiment, the symbols subtended
an angle of approximately 16 minutes of arc at the subject's eyes.

The end of the stem of the T was covered with a piece of fine-
grained, white, styrofoam plastic (2 1/2 x 4 inches) which was lighted
continuously by an incandescent lamp. This served as the background
for the symbols. Four strips of black tape were glued to the plastic
in the shape of a plus sign with its center removed. The center of
the plus sign was visually coincident with the hole for the film strip
and showed the subject where to focus his eyes in preparation for seeing

the symbol.

13




The brightness of the background was varied with a Variac. The
brightness of the symbol was varied by an iris diaphragm between the
light and the film strip. All of the brightness measurements were made
with a calibrated Spectra Brightness Spot Meter mounted at the eyepiece
end of the tachistoscope.

The film strips of the symbols were made at MITRE from scale
drawings of the Murray and Long Gothic type pallets donated by the
Teletype Corporation. The scale of these drawings was not given, but
the ratio of the height of the Murray T to the height of the Long
Gothic T is 0.81. The technical data sheet for Teletype Corporation's
model 28 machine gave the heights of the Murray and Long Gothic letters
as 0,103 inch and 0.120 inch, giving a ratio of 0.86. It was assumed,
therefore, that the two sets of drawings were made to the same scale.
No adjustments were made to the letter heights in producing the film
strip for the Long Gothic font from the combination of the Long Gothic
and Murray drawings.

The drawings of the Long Gothic font were uniform in height and
stroke-width. The ratio of the height to the stroke-width was approxi-
mately 18 to 1. The drawings of the Murray font were uniform in height,
but not in stroke-width. This nonuniformity in the stroke-width was

assumed to be an error and the Graphic Arts department in MITRE traced

14



the Murray drawings and made each symbol with the stroke-width of the
original drawing of the Murray T. The ratio of the height to the
stroke-width was approximately 17 to 1 for these redrawn Murray symbols.

The Graphic Arts department drew a set of standard Leroy symbols
from a template. The I and @ were modified, as shown in Figure 3, to
distinguish them from the numeral 1 and the letter O, respectively.
These Leroy symbols were uniform in height and stroke-width with the
ratio of the height to the stroke-width approximately 20 to 1. This
is the narrow-stroke (N-S) Leroy font mentioned earlier.

The Photo Laboratory made three film strips using a 35 mm DuPont
Cronar-Ortho A Litho film. One film strip had N-S Leroy symbols, one
had all Murray symbols, and the third had the combination of Murray
and Long Gothic symbols that make up the Long Gothic font.

All three film strips had clear symbols of 1/4 inch height on a
dark background. On the Long Gothic film strip, the ratio of the
heights of the Murray weather symbols to the heights of the Long Gothic
symbols was 0.87, which is comparable to the ratio of 0.86 given on
Teletype Corporation's technical data sheet. The ratios for the height
to the stroke-width of the symbols was 16 to 1 on the Murray, and 19
to 1 on the N-S Leroy film strip. On the Long Gothic film strip, the
Long Gothic symbols had a ratio of height to stroke-width of 18 to 1,

and the Murray symbols had a ratio of 16 to 1. The differences between

15




the film strips and the original drawings were due to the photographic
processing of the film strips. The Photo Laboratory had experimented
with the timing and temperature of the film processing until the sym-
bol size ratios were considered to be sufficiently close to those of
the original drawings.

The particular symbols on the film strips are those which may
occur in the weather section of the HSR, which is itself written in
a code called the '"teletype code." This code is made up with all of
the alphabet except J and O, all of the numerals including zero, and
the four weather symbols O, @, ©, and @. The Murray and Long Gothic
film strips had only those symbols used in the teletype code; that is,
the J and O were not on these two film strips. Both film strips were
photographed so that the strip could be moved one frame at a time to
present the symbols in a random order for a total of five presentations
of each symbol in the complete film strip. These two film strips each
had a total of 190 frames. A random order was produced by writing the
190 symbols on cards and shuffling the cards before drawing them one
at a time without replacement.

The standard Leroy font does not contain any weather symbols, and
the N-S Leroy film strip was made up with the complete alphabet and
the numerals including zero. Each symbol occurred five times on the

complete film strip making a total of 180 frames. A random sequence

16




of occurrence of the symbols along the film strip was produced in the
same way as with the other two strips.

The experiment was done with three subjects whose visual acuity
had been tested on a Bausch and Lomb Ortho-Rater and found normal.

The tachistoscope was modified after the experiment had started and
parts of the experiment had to be repeated. This meant that the sub-
jects were practiced with all three fonts before the actual experiment
was performed. All three subjects had taken part in other experiments
using the tachistoscope, and some of these other experiments had been
with a standard Leroy font of wider stroke than that used in this
experiment.

The brightness of the background in the tachistoscope (the white,
styrofoam plastic) was kept at 1 foot-Lambert throughout the experiment
with no variation from this value observable on the Spectra Brightness
Spot Meter. The brightness of the symbol was measured as the total
brightness of the background plus the light being transmitted through a
clear area of the film strip at either end of the sequence of frames.
This total brightness was measured before and after each experimental
session. The experiment was made at three values of symbol brightness.
The total brightness (including the background) was set to 8 foot-

Lamberts, 6 foot-Lamberts, and 5 foot-Lamberts giving brightness-contrast

17




ratios of 8 to 1, 6 to 1, and 5 to 1. The total brightness did not
vary more than + 0.2 foot-Lambert from these values. Each film strip
was used at each brightness value making a total of nine sessions for
each subject.

The experiment was started with the 8-foot-Lambert brightness
value for all three film strips. The brightness value was then reduced
to 6 foot-Lamberts for all three film strips, and then again reduced
to 5 foot-Lamberts for the three film strips. Each session lasted
approximately 15 minutes, and not more than two sessions for any one
subject were run in one day.

The symbols were shown one at a time and the order in which they
were shown was varied for each session so that no subject saw the same
sequence of symbols more than twice, and therefore could not anticipate
the occurrence of the symbols. The subject controlled the onset of
presentation of the symbols by pressing a switch connected to the
light-shutter mechanism. The symbols were exposed for 10 milliseconds
and the subject called out his identification of the symbol shown,
naming a symbol for each exposure. The symbol shown and the symbol
called by the subject were recorded. The subject had a short, one-
minute rest period after a group of 45 symbols had been seen, giving

three rest periods per session. For each session, a photographic

18




print of the symbols in the font being shown was given to the subject,
who could refer to this at any time. The subject was told, at the
beginning of a session, that if he called out J or O for the Murray or
Long Gothic symbols, he would be reminded that these symbols were not
present and would be asked to make a choice from the set in the print

for that session.

19




RESULTS AND CONCLUSIONS

The purpose of this first study was to compare the Long Gothic
and Murray fonts with a standard Leroy font called the W-S Leroy font
in this paper. In order to see the effects of a difference in the
symbols' stroke-widths on the legibility of a font, the W-S Leroy was
compared with the N-S Leroy font. The results for the W-S Leroy font

(4]

were taken from an earlier study, and the results for the N-S Leroy
font were taken from this study. The viewing conditions were the same
for both studies but, as mentioned earlier, the W-S Leroy study had
nine subjects and this N-S Leroy study had three subjects. The total
number of errors made at each brightness level was calculated, there-
fore, as a percentage value. Figure 6 is a graph of the percent error

plotted against the symbol brightness. It can be seen that the W-S

Leroy had a smaller percent error.

20
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Another way to compare the two fonts was to look at the distri-
bution of the errors among the symbols. Table I is the confusion
matrix for the W-S Leroy font at 6-foot-Lambert symbol brightness,

(4]

reproduced from the earlier study. Table II is the confusion matrix
for the N-S Leroy font at 6-foot-Lambert symbol brightness made in this
study. The confusion matrices show the errors made by the subjects;
that is, the entries give the number of times a symbol was called in
error for each symbol shown. Comparing Tables I and II shows that

the errors in the W-S Leroy font were concentrated in fewer symbols
than the errors in the N-S Leroy font, showing the greater overall
illegibility of the N-S Leroy font.

To summarize, the N-S Leroy font had a higher percentage of errors
and these errors were more widely distributed among the symbols than
were the errors in the W-S Leroy font. Thus, the N-S Leroy was not as
legible as the W-S Leroy font when the symbols occurred with equal
frequencies. This is in agreement with previous studies on symbol
stroke-widths.[5’6]

Having seen the effects of symbol stroke-width on a font's legi-
bility, the next part of this present study was to compare the Long
Gothic and Murray fonts with the N-S Leroy font since these three fonts
have approximately the same symbol stroke-width. The total number of

errors made by the three subjects for the N-S Leroy, Long Gothic, and

Murray fonts at the three brightnesses is given in Table III. (For
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Table III

The Total Number of Errors Made by all Three Subjects for all Three
Fonts and Brightnesses With Symbols Occurring With Equal Frequencies
(The total number of symbols shown at each brightness
was 540 for N-S Leroy and 570 for Long Gothic and Murray.)

Foot-Lamberts N-S Leroy Long Gothic Murray
8 24 21 18
6 75 86 61
5 90 155 129
z 189 262 208
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each entry in the N-S Leroy column, the number of errors is from the
540 symbols shown to the subjects, and for each entry in the Long
Gothic and Murray columns, the number of errors is from the 570 sym-
bols shown to the subjects.) The total number of errors (189, 262,
208) taken as a percentage of the total number of symbols shown (1620,
1710, 1710) gives approximately 12 percent, 15 percent and 12 percent
for the N-S Leroy, Long Gothic and Murray fonts. The total error,
therefore, was about the same for the three fonts.

Conclusion 1. It is concluded that the Long Gothic

and Murray fonts are less legible than a standard
Leroy font (W-S Leroy) since they appear to be no

better than the N-S Leroy font.

Other analyses of the data are possible. Referring to Table III,
it can be seen that the increase in the number of errors from the 8 foot-
Lambert to the 5 foot-Lambert brightness was about 4 times for the
N-S Leroy font and about 7 times for the Long Gothic and Murray fonts.
This indicated that the N-S Leroy font was less affected by the decrease
in brightness than were the Long Gothic and Murray fonts. To test the
hypothesis that the increase in the number of errors with decreasing
brightness was the same for each of the three fonts, a X? test was made

on the nine entries of Table III. This was statistically significant

26




(XZ = 9.89,p < 0.05) and, again, indicates that the increase in the
number of errors with a decrease in brightness was less for the N-S
Leroy font than for the Long Gothic and Murray fonts. This effect
is shown more clearly in Figure 7, where the three solid-line curves
show the percentage of the errors for the three fonts as tested in
this first study. (The dashed-line curves are based on results ob-
tained in the second study and will be referred to later.)

Conclusion_ 2. It is concluded that the N-S Leroy

font 1s less affected by a decrease in symbol
brightness than are the Long Gothic and Murray
fonts. Therefore, both the Long Gothic and
Murray fonts are not acceptably legible if the

viewing condition (symbol brightness) is poor.

It is of interest to see how the errors were distributed in each
font, and the confusion matrices showing the error distributions at
the 5 foot-Lamberts brightness setting are given in Tables IV, V, and
VI. (Remember that the Long Gothic and Murray fonts were made up with
a different set of symbols than was the N-S Leroy font.) Tables V and
VI show that there were many errors associated with the weather symbols,
20 percent of the errors in the Long Gothic font and 22 percent of the
errors in the Murray font. (The N-S Leroy font does not contain

weather symbols.)
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Figure 7. Percent Errors for the Three Fonts With Symbols
Occurring With Equal Frequency and for the Two Fonts
With Symbols Occurring with Westover Frequency
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