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INTRODUCTION

The technological advances in the fleld of electro-opties over the
vast twenty years has led to the expanded use of electronic displays
for the presentation of a wide variety of Information. Cathode Ray
Tubes {CRT), Light Emitting Dicdes (LED), Liquid Crystals {LCD), GCas
Discharge Panels, and other types of light emitting displays are being
used for information displays varying £rom single charactexr displays to
those with 40 or mcre lines of data to maps and pictures.

For any display to be useful, the information that it displays
must be readable. This paper discusses the more ilmpcrtant human factoer
parameters affecting the readability of electronic ilsplays. The demi-
nant parameters are divided into cataguries of distlay design, man-
machine interface, and the environmental factors. The last section of
this paper briefly discusses the advantages and disadvantages of the
different types cof displays.

It will be emphasized that the parameters are not independent of
one ancther. Altering ono parameter may have an effect on one or more
other paramsters (i.e,, decreasing character size may decrease resclu~
tion also), Conversely, 1f one parameter cannot be changed, one or nore
of the others may Le altered to get the same resultant readability {i,e.,
if character size is fixed, increasing resolutlon or decrsasing viswing
distance will improve readability).

Sirice the bulk of displayed information is alphanumeric, the dise
cussion will be restricted to slphanumeric displays.

DISPLAY DESIGN CHARACTERISTICS

Many of the factors which can affect readzbility of o dioplay ars



intrinsic to the display machinery. Factors such as character size,
rasolution, and font ars designed into the display; once the equipment
is Installed, these factars generally cannot bo aliered, The best tims
to conslider these very important human factors 1s while designing the
display or when shopping for a display.

Symbol size

The size of the dispiayed character is probably the most important
readabllity factor. Symbol size may be measured by subtended angle (@),
Subtended angle allows for differences in viewing distancei by measuring
character hsight (H) relative to viewing distance (D).

tana , ain of arc = «%—

By knowing the viewing distance and the appropriate subtendsd angle,
the apmropriate character size may be selected,

Considerable research has been conducted to determine the optimum
subtended angle. Results vary, btut thers isra general consistancy.
Ses Table 1 for values of subtended angle for "near error free” rsading.

These findings agrse generaliy with the current design standards
of 10-15 min. of arc.z Note that the more recent research has empha-
sized the effects of other parameters such as illumination, dlur, resc-
lution, and glare on the optimum subtended angle. Under gocod conditions
15 ainutes of are will be readable, but as the conditions wersen, the
subtended angle must incresse upwards to as much as 35 minutes,
Resolution

Resolution is the number of dots per character height (for dot
matrix displays) or the number of lines per character height (for ras-

ter type CRT's)., For CET's the minimum recommended resolution is 10

P



Table i

Some Recommendations of Displayeé Alphanumeric Characiers+

Reference Subtended Angle, minutes of arc
Minimum Nermal acui<y 5

(Snellen E Chart)

"Reasonzaole” size 10
(Murrell, 1965; Fletcher, 1972)

Electronic Displays 12-15
(Shurtlef?, 1667; Gould, 1268)

"Imzage size" 12-20
(H.B.G.1 1972)

"Preferrsd” size Y
{Dunean and Xonzi 1974)

MTL-3TD-1742 (1974)
General Labels, good viewing 16+
Vonecritical Tata G2k
Criticai Data
high luminance 12-25
low luminance R5~37

"Minimvm recommended"”
(Buckler, 1977)

Good Cemditions 15

Degraded Cornditions 21-25

#(Fartions of +his Table adapted from Smith, 1578)2



lines per symbol heisht.3 For dot mairix displays a 7 x 9 matrix (7
wide and 9 high) is superior to a 5 x 7 natrix.a A 3 x 5 nmatrix has too
1ittle resclution and cannot be read easily.3
Symbol size and resolution ars closely related, As the resolution
increases, the symbol size required to maintain good readabiliity de-
creases.3 Thus, optimum resolution may be described best in combination
with symbol size. Under good viewing conditions the greater of 10 lines/
character or 15 minutes of arc iz recommended; but with poor viewing

conditions use 16 lines or 2i-25 minutes, -

Percent active area

Percent active area is that portion of the aymbol that is actually

emitting light. It is defined” by /Emitter size )2 x 100. Increase
BEnitter spacing

the active area by increasing emitter size or decreasing the spacing
between emitters. Decrease dot spacing by increasing resoclution or by
decreasing character size,

large dimmer emitters are more leglble than small taeright onas.3
Dot elongation adversely affects readability so round or square dota
are more effactive than rectangular or elongated dota.u

To make the dots run itogethar and appear as a contliruous line, the
spacing between the dots should subtend no mere than 1 min. of arc.j
One minute of arc is the minimum spacing that the normal human aye can
perceive so anything less will be imperceptible,

Character generation

There are essentlally three methods for generating alphanumexic
characters in electronic displays. These methods ars the following:

1. raster type CRT's
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2. dot matrix

3. segmentsd bar matrix.

For readability, raster generally is the best method because it
provides the greatest resolution at a reasonable price, In a dot matrix
as the number of dots in the matrix increases, the Yeadability improves,
However, as nmore dots are added, the character size increases, and the
number of characters being displayed must decrease, or the display size
aust incrsase,

For rsadability, dot matrix symbols are superior to segmented bar
generated synbuls.u A reasonably priced segmented bar matrix cannot
closely approximate the alphanumeric characters, This problem diminishes
as the number of segments increases, but the character size also incresases
with the addition of more segments, The number of segments used generally
is limited by cost and display size,

Font

Font is the shape and geometry of the alphanumeric charactera,

For electronic displays the font must be simple, without serifs and ital-
ics, Only upper case letters should be used for dot matrix and segnented
bar diaplays.3 These limitations are ingosed because of the limitations
of the character gensration methods mentioned above.

For electronic displays, the Leraoy Font (Fig. i) is the most widely
ancepted.6 Other widely accepted fonts are the Military Specification
MIL-M-18012 and Lincoln/nitra.-"

Slanting characters are more difficult to read than upright charac-
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Stroke width-to-height

Stroke width-to-helight aiso is dletated by symbol generation tech-
nique and resolution. For example a 7 x 9 dot matrix will have a stroxs
width-to-height ratio of 117 (i.e., 14%). It is important that the ratio
not become too small or the character stroke will blur or run together.
Sherr recommends 14% as a nininnm,é and Buckler recomamends a range of
10—1?%.3 Note that as the stroke width-to-height ratio increases, so

nust resolution.

Synmbol spacing

Symbol spacing 1s the distance heiween the baginning of a charac-
ter and the snd of the prasceeding charactar., A wide range of acceptabis
spacing values have been reported (from 25% to 200% of symbol width!,
Konz and Duncan recommend 75% as a maximum because legibility decreases
beyond this.,! Buckler recommends a range of 26-6375.3

Color

For economic reasons most displays are monochromatic, Combination
of colors may be used effectively for cclor ceding data and to enable
aore informaticn to be displayed at once. ¥When using multicolor displays,
care nust be taken to provide good contrast between all colors and be-
tween the symbola and the background.

Contrast

Generally, the higher the contrast betwsen symbols and the back-
ground, the better the readability. Direction of contrast (light on
dark or dark on light) is insignificant in nost cases.-

Luminance modulation, M, is a mean of defining contrast,

- L-D
K L+D
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where L = brightest luminance (i.8., symbol)
D = dimmest luminance (i.e., background)
This equation may be modified to allow for the effects of ambient lumi-

nance. The modified equation is as follows:7

(Ly + L) - (Dy +L,) L, - D
M= -
(L1+Le)+(D1+L35 Ly +D, +21L,

where Li = internally produced symbol luminance

D, = internally produced background luminance

i
I"e = reflected ambient luminance

Howell and Kraft, cited by Snyder.7 recommended a modulation of .94 with

+88 acceptable for character sizes less than 16 min. of are, Snyder? con-

cluded that readability would be good as long as the symbol subtends at

least 10.8 min, of arc if modulation was at least .78.

MAN-MACHINE INTERFACE

Man-machine interface refers to those factors that must be consid-
ered to link together the man and machine, Unlike the design factors,
these factors may be changed once the display is installed in order to
optimize readability.

Viewing distance

By defining character size in terms of subtended angle, viewing
distance has been included, Once the actual character size is deter-
mined, optimum viewing distance may be determined from the optimum sub-
tended angle. When viewing display terminals, viewing distances of 35
to 50 cm are prefarred.a

Optimum subtended angle is not completely inderendent of viewing
distance. Characters being viewed from less than 1 meter require a

slightly larger subtended angls than those viewed at a greater distance.2



This implies using subtended angles from the upper range of values when
viewing distance is less than 1 meter,
Viewing angle

Viewing angle refers to the line of sight relative to a perpendicu.
lar to the display screen, The acceptable viewing angle for good reada-
bility is affected by other factors such as ambient illumination, screen
curvature, use of lenses, contrast, resolution, and character size. Because
of the many other factors affecting it, there is a relatively wide range of
acceptable viewing angles for good readability, but 30“ is the recommended
maximun angle.3 The most comfortable viewing angle is 15 (viewing from
abovo).9

Visual acuity

Viewing an electronic display is quite different from reading
printed material. Persons who ncrmally do not have an acuity problem
ray experience scme difficulties viewing electronic displays becaume of
the different luminance levels, flicker, contrast, character generation,
resolution, ete, If a person is to spend an apprecisble amount of time
viewing electronic displays, it is advisable that the person's visual
acuity be checked under these viewing conditions, and appropriate correc-
tive lenses be providgd if necessary. A solution, especially for pecpls
viewing electroniec dilsplays all day, is to provide them with a pair of
"work glasses,” These glasses would be ground for the specific focal
length used at the viewing task. That is, if the person views the display
from 20 inches, the corrective lenses would be designed for a focal length
of 20 inches,

Persons who wear bifocals especlally should be provided with work glas-

ses, Because of the way bifocals are designed, the viewer must look ocut of the
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top or bottom half of the glasscs vhen viewing the display. This causes
the viewer to held his head in an unnatural pesition for extended periods,
resulting in muscle aches and fatigue.g

If displays use color coding, them color weakness may be a problem.
Color weakness normally cccurs only in males and may be detected with a
simple test, Avoid using red and greem or yellow and blue in pairs,
ENVIRONMENT

The primary environmental parameilesr affecting readability of elec-
tronic displays is lighting (placement, intemsity, and type). walls,
floors, cellings, snd other» equipment and their location, reflectance,
and contrast relative to0 the work area also are primary considerations.
There are many other environmental factors such as temperaturs, vibra-
tion, and obscurations which also may affect the readability of displays.
Each work area will have its own unique set of environmental conaidera-
tions that must be analyzed for that particular rdisplay., (nly the ef-
fects of lighting and surface reflectances will be discussed here,
Lighting

Ambient illumination levels affect how well a display may be read.
The contrast between display luminance and ambient luminance is the

parameter whlch must be controlled. This ratio may be defined as followstia

Fs'Bs/Bh
whare F;- suwrryound factor
Bs- ambient luminance

B,= display luminance

b
Readability is best under moderate ambient luminosities when 0.1'<
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F8 < 1.0, Readabillity is poor when Fs < 0.1 (where ambient luminosi-

ties are low) and when Fg> 1.0 (where ambient luminosities are high).10

Ostberg’ recommends 0,1< Fo< 1.0,

Another problem with ambient lighting 1s glare and its masking ef-
fect. Light reflected from the display will blur, dim, obscure, or
otherwise mask the display data making 1t difficult to read. The best
way to control this effect is to control the level and/or direction of
amblent luminancas.

As mentioned previously, dim display luminance is preferable to
bright displays because hrighter symbols have edge blurring and tend to
run together. With this in mind, ambient luminance should be kept low
also. When the display must be located in an area whexe luminance levels
must be relatively high to permit other types of work, the display and
the operator can be shielded from direct light to improve readability.
Where displays cannot be shielded effectively (such as displays out of
doors), filters may be installed on the screen to reduce the amount of
light reflected by the display. By reducing the amount of light re-
flected, the contrast modulation (M) is increased, which 1s desirable,

The work area

The color and reflections of all surfaces (both in the immediate
work arsa and the surroundings) will have an effect on glare and the
contrast between the display and its surroundings,

Glare may be reduced by assuring low reflectivity of all surfaces
and by shielding the display and the operator from the reflective ef-
fects,

The colors used in a room will affect the amount of ambient illumi-

nation present., Light colors and diffused light will provide mare even
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room illumination and eliminate shadows, Fastsls and light grey are
recommendations for surface reflectance.j All surfaces should be of a
color and material éo as to reduce specular reflection {i.e., reflected
glare),

Table 2 is a general rsference for colors to be used to provide
appropriate reflactance.5

If colored displays are being used, then care must be taken with
the selection of the luminaires, since the lamps may produce different
color effacts.,

Much can be done in office layout, landscaping, and luminaire se-
lectlon and placement to facilitate improved display readability.

TYPES OF DISPLAYS

The discussion here will focus on the relative advantages and dis-
advantages of the thres major types of electronic displays (CRT, LED
and ILCD, and gas discharge).

CRT's (cathode ray tubes) have an advantage because they have been
in use the longest, Research and development through the years has
provided a broad base of applicaticn for the CRT., The primary advan-
tages of using CRT's are high writing speed, high resolution, simple
addressing, full color capabilities, full range of gray scales, storage,

large range of screen size, and high luminous efficiency.ll

Dimadvan-
tages of CRT use include bulkiness of the equipment, curvature of the
screen, high voltage required, relatively delicate equipment (vacuum
tube), and limitations of maximum screen size,

The development of CRT flat panels will help alleviate the problems

assoclated with bulk, screen curvature, high voltage requirement, and



Fraure 7. General recommendations for workplace reflectances,

CEILING

INSTRUMENT DISPLAY

§0 _100%

TABLE 2. APPROXIMATE REFLECTANCE FACTORS FOR VARIOUS SURFACE COLORS
Color Reflectance Color Refleclance
Whitd. . eeee e e ccceceevann 85
Light: Dark:
L77.7 1 T S T 75 QLAY vw swssmsswsvsss 30
OGP v sresssmsosasy 75 Red . e eaoes 13
Yellow..._... S 75 Brown. ..o ieeeicaanns 10
Buff. o e nmaaanan 70 Blue. o o it eaceaeeo 8
[T s TN G5 GIeBN g e e 7
Blue: . cisssessannsasepge 35
Medium: Wood Finish:
Yellow . oo o ecncaemimaan 65 Maple_ . . eceaaC 42
B LTTY S 63 Satinwood._ .. oooneona. 34
GIBY . eeeeecccenammanmmnn 55 English Oak.ceeevecacann 17
(631 | T 52 Walnub. o ossasasovasoan 18
Blues oy sopaessreswisisas 5 Mahogany....cecvneanaan 12




ruggedness of the equipment.

LED (light emitting dicde) and LCD (liquid crystal) displays cur-
rently dominate the small display markets such as hand held calculators,
Advantages of these displays are their long life and very low driving
voltage requirements, The number of characters per unit area displayed
is limited due to the character size, Because low resolution and charac-
ter generaticn limits the readability of LED and LCD displays, the charac-
ters must be relatively large, thus limiting the number of characters per
unit area being displayed,

Gas discharge displays are relatively new in the fileld of electronic
displays, but they are challenging both the CRT and LED markets. The
driving voltage for gas discharge is around 40v as compared to {70v for

CRT and 5v for LED.12

Because of this relatively high voltage require-
ment, gas discharge displays are not pcrtable. The initial investment
for gas discharge is considerably higher than for LED, (n the other
hand, gas discharge panels can provids betier resolution and smaller
character size than the LED. 3Because it is still very difficult to make
very small discharge dots, the gas discharge panels must be relatively
large compared to a CRT displaying the same amount of information., How-
ever, the maximum size of the gas discharge screen is not limited as
the CRT is. Finally the gas discharge panel is much thinner and more
rugged fhan the CRT.

In summary, LED and LCD displays, because of low operating coat,
ruggedness, and portability, have the advantage when only a small number
of characters need be displayed at once. CRT's provide gocd readability

for large amounts of data on relatively small screens, They also provide
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a wide selection of display types such as color, screen sigze, memory,
drive mechanisms, etc. The gas discharge is a promising new display
that challenges the CRT in that it is more rugged, less bulky, and may
provide for larger display screens.
Conclusion

Only the mnore dozinant human factor considerations have been dis-
cuased here, There are other factors such as vibration, climate, and
oral and visual distractlons that also may affect readabdility. when
installing, remodeling, or buying an electronic display, attempt %o
identify the factors that will affect the optimum use of the display.
The human factors then must be taken compositely and balanced against
other nonhuman factors such as costs (of remodeling, of differant dis-
pPlay types, power, etc.), management and personnel preferences, and
avallability of equipment to obtain the best equipment and work area

layout that will maximize the benefits of the display.
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ABSTRACT

This report reviews the available literature concerning the reada-
bility of electronic displays. The dominant human factor parameters
that affect display readability are discussed, and optimum values for
the various parameters are presented, Since there is interaction be-
tween many parameters, the value of any one depends upcn the value of
the others,

The final section of this report briefly points out the advantages
and disadvantages assoclated with the use of cathode ray tubes, light

emitting diodes, and gas discharge panels,



