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Lesson Overview: Vision

Part 1.
* Process of Seeing (Vision)
« Visual Capabllities

©O O O O O O

Accommodation
Visual Acuity
Convergence
Color Discrimination
Adaptation
Perception

« Factors Affecting Visual Discrimination

(0
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Luminance Level
Contrast
Exposure Time
Target Motion
Age

Training
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Cont. Lesson Overview: Vision
Part 2 (this part):

Alphanumeric Displays
o Characteristics

o Typography
o Typography Features
« Hardcopy
« Visual Display Terminals (VDT)

Graphic Representations
Symbols
Ccodes
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Alphanumeric Displays
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Alphanumeric Displays

Most important characteristics:
* Visibility:
0] guality of the character that
makes it separately visible

from its surroundings
(i.e. detectability)

» Brinton charts 14 degrees of visibility [Brinton, 1939]
* most legible: black type on a yellow background
+ least legible (most offensive): blue type onred ©5




Alphanumeric Displays

Most important characteristics:

(0]

Legibility:
attribute that makes a character
identifiable from others (i.e. discriminability)

depends on stroke width, form of characters,
contrast, and illumination

Readability:

ability to recognize information content

of material when represented by
alphanumeric characters, words, sentences
(i.e. meaningfulness)

depends more on spacing between
lines and letters, margins, etc.
than on specific features of characters

watch this video about legibility
and readability:
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https://youtu.be/74sZJ4b0_Lc

Alphanumeric Displays: Typography

Typography:
o) various features of alphanumeric displays
0 “art of arranging letters and text to make written

language legible, readable, and appealing”

EMERGENCY
EXIT

Circumstances when it is

Important to use preferred

(i.,e. optimum) forms of typography:.
viewing conditions are unfavorable
(e.g. poor illumination, limited viewing time)

information is important/critical
(e.g. emergency labels, important instructions)

viewing occurs at a distance
displays for low vision people

note, above points must also still satisfy
all conditions mentioned in |last 2 slides

when faced with 2 1 of these conditions, the
following typography features must be considered (next slide): -




A-N Displays: Typography Features

A. Hardcopy

1. Stroke Width

2. Width-height Ratio
3. Styles of Type
4

a) atReading Distance
b) ata Distance

5. Layout of Characters

B. VDT Screens
6. lluminated Alphanumeric Characters
7. Character Distance and Size
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A-N Displays: 1.

Stroke Width

Stroke width-to-height ratio

o) Def": ratio of the thickness of the stroke (s) to the height (h) of the
letter/number (we will call it “stroke ratio” for short)

Example (right):
stroke width-to-height ratio: 1:5=0.2
note, width-to-height ratio: 3:5 = 0.6

Stroke width is affected by: n R

background:
. black on white or
. white on black
illumination
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FIGURE 4-6 .
Dimensions used to compute stroke width-to-height and width-

to-height ratios. Ratios can also be expressed as a proportion,
e.g., 1:10 = 0.10. The letter shown has a stroke width-to-
height ratio of 1:5 (0.20) and a width-to-height ratio of 3:5
(0.60).



A-N Displays: 1. Stroke Width (Cont.)

e Irradiation:

0] causes white features on a black background
to appear to ‘spread’ into adjacent dark areas (see below)

0] but reverse (black on white) isn't true (i.e. no spread)

0 thus, black-on-white letters should be thicker, 146 A A 5 e

l.e. lower ratios than white-on-black letters
1:8 A A 1w

[ @10



A-N Displays: 1. Stroke Width (Cont.)

Some generalizations (good contrast) [Heglin,1973]:

0] with good illumination, use stroke ratios: ,
black on white: 1:6 to 1:8 116 A A 128

white on black: 1:8 to 1:10
1:8 A A 1:10
o with reduced illumination:

. thick letters become more readable (both types above)
. letters should be: boldface with low stroke ratios (e.g. 1.5)

1:6 . 12 §
0] For highly luminous letters, ratios: 1:12 to 1:20 N l— O N

0] For black letters on a
very highly luminous background,
very thick strokes are needed

0] Summary: next slide

o1l



A-N Displays: 1. Stroke Width (Cont.)

Stroke
width-to- Blazk on white White on black

height ratio

-+ ABC 456 FNzIKLY-
« ABC 456 NI R 111
-+« ABC 456 IN=IRIYX:
© ABC 45 ¢ IN=IOREX:
= ABC 45¢ INEIORAX:

FIGURE 4-7
lustrations of stroke width-to-height ratios of letters and numerals. With reasonably good il-

lumination, the following ratios are satisfactory for printed material: black on white, 1:6 to 1:8,;
and white on black, 1:8 to 1:10.

e12
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A-N Displays: 2. Width-height ratio
Width-to-height (aka width-height) ratio:

relationship between width (w) and height (h) of alphanumeric character

expressed as ratio (e.g. 3:5 =0.6)
e.g. B: width-height ratio = 3.5

. 3 vertical strokes (or layers/elements)
. 5 horizontal strokes

most letters can be expressed with ratio 3:5

Heglin [1973]:

. disagrees with fixed ratio for all letters
. instead, adjust width to basic geometric forms

. e.g. for O. perfect circle (*Century Gothic” font),

l.e. stroke ratio = 1:1

. e.g. for A and V: equilateral triangles

. wider letters: appropriate certain circumstances
e.g. engraved legends

. such cases: 1:1 ratios are more appropriate

( )
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A-N Displays: 2. Width-height (Cont.)
« Cont. width-height ratio:
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Letter and numeral font of United States Military Specification no. MIL-M-18012B  (July 20,

1964); also referred to as NAMEL (Navy Aeronautical Medical Equipment Laboratory) or AMEL.
The letters as shown have a width-height ratio of 1:1 (except for I, J, L, and W). The numerals

have a width-height ratio of 3:5 (except 1 and 4). e14



A-N Displays: 3. Styles of Type 5= g
Styles of type (aka typefaces, fonts):

o > 30,000 exist! SERIF
0 4 major classes (each including many types): - w
l. Roman: most common class; I
letters have serifs
(little flourishes, embellishments)
SANS SERIF

e.g. Times, Garamond

Il. Sans serif (aka Gothic): ‘
uniform stroke width; e.g. Calibri, Arial); =N L2

JIT. Scuipt: simulate %%
madexn handuwaiting,

30. Bl Letter: resembles German manuscript
handwriting used in the 15t century

o) watch following video on origins of typeface:
http://youtu.be/GUCcObwIsOs ®15



http://youtu.be/GUCcObwIsOs

A-N Displays: 3. Styles of Type (Cont.)
Roman: Mondas, Octobe

0] most used styles for A NEW FACE

conventional text
(e .g. Times New Roman issioned  The Times of London debuted the new type-

. Morison face, & after one year the design was released
SiInce 193 1) Morison for commercial sale. The Linotype version,

imes for called simply “Times,” was optimized for

phically line-casting technology. though the differ-
S super- ences in the basic design are subtle. The type-
iy Victor face was very successful for the Times of
. . 1 depart- London, which used a higher grade of news- bold, lower-case “a”
| tal I CS . m older print than most newspapers. The better, whiter
design, paper enhanced the new typeface's high degree

1 1 conomy of contrast and sharp serifs, and created a
0 em phaSIS’ tltles’ nam es’ ornews-  sparkling, modern look. In 1972, Walter Tracy
SpeC|a| Words etC wspaper designed Times Eurora for The Times of
’

Boldface: Normal

o) headings, labels, special emphasis Bold
o) to aid legibility in ltalic

Bold italic

shown:
0] consists of uppercase letters, numbers
0] used words and abbreviations in labels u
0] it is a non-standard font

JITTITTTT

JTIFTITTITITIT

@16



A-N Displays: 4. Character Size
« Size
0] important to measure size of typeface
in printing business

0] measured in points
0] 1 point (pt.) =1/72in. =0.0139 in. (0.35 mm)

0] note, point size refers to the height/size _ _ _ _
Width of a capital ‘M’ is less than an ‘em’ wide

of the font (not the height of the letter) . each box is one em square
« M on the left is in Perpetua (relatively narrow
- N . . . characters)
0 it is also called "slug”, or "em" size - M the one on the right is in Calisto (relatively
o emsize: defined as the width < wide characters) N
i e ource: Philip Rothman
of the capital ‘M (2022)
Academico Century Schoolbook Helvetica Palatino Times New Roman Minion Pro Cailbri

(all have the same point size)
) 17


https://www.scoringnotes.com/tips/the-point-of-point-sizes/#:~:text=The%20point%20size%20of%20the,square%20has%20that%20side%20length.

A-N Displays: 4. Character Size

Size (cont.)

o) height of the “slug” on

which the type is set includes: ahiciia kit

. tail of the letter, e.g.“q” ‘l inter-letter spacing

(called descender)

. top of letter, e.g. “h”
(called ascender)

. space between lines of text §
g letters

---------

nt size

o) SO pt. size is not a good
approximation of letter size

0] authors (Sanders/McCormick)
suggest to unify pt. size
by using height of capital letters
as alternative approximation
to letter size:

. 1 pt=1/100in. =0.01in. (0.25 mm)

18



A-N Displays: 4. Character Size

« Size (cont.)
O e.g.lettersize, with slug size, heights of cap. letters (in.):

ine is set in 4-pt type (slug = 0.055; letters = 0.04).

This line is set in 6-pt type (slug = 0.084; letters = 0.06).

This line is set in 8-pt type (slug = 0.111; letters = 0.08).

This line is set in 9-pt type (slug = 0.125; letters = 0.09).

This line is set in 10-pt type (slug = 0.139; letters = 0.10).

This line is set in 11-pt type (slug = 0.153; letters = 0.11).
This line is set in 12-pt type (slug = 0.167; letters = 0.12).

This line is set in 14-pt type (slug = 0.194; letters = 0.14).
This line is set in 16-pt type (slug = 0.222; letters = 0.16).

This line is set in 18-pt type (slug = 0.25; letters = 0.18).
 This line is set in 22-pt type (slug = 0.306; letters = 0.22).

 Thisline is set in 30-pt type
(slug = 0.417; letters = 0.30).

* This line is set in 40-pt type
(slug = 0.555; letters = 0.40).

®19



A-N Displays: 4. Character Size (Cont.)
a) For Close-Up Reading:

0] normal reading distance (e.g. book)
12 - 16in. (30.5 - 40.6 cm)
14 in. (35.5 cm): nominal reading distance

3438 -H

VA (minutes) = D

0] type size in most printed material
. from 7 to 14 pt.

. most common (e.g. newspapers): 9 to 11 pt.
. l.e. letters =0.09 - 0.11 in.
(2.3-2.8 mm; TABLE 4-2

VA =22 =27 mln) ONE SET OF RECOMMENDED HEIGHTS OF ALPHANUMERIC CHARACTERS FOR
CRITICAL AND NONCRITICAL USES UNDER LOW AND HIGH ILLUMINATION AT 28 IN
VIEWING DISTANCE

(o) character heights Height of numerals and letters*
should be increased: Low luminance High luminance
. . . (down to 0.03 fL) (1.0 fL and above)
. poor illumination s
2 Critical use, position variable 0.20-0.30 in 0.12-0.20 in
* critical use (5.1-7.6 mm) (3.0-5.1 mm)
N characters can Critical use, position fixed 0.15-0.30 in 0.10-0.20 in
Change (3.8-7.5 mm) (2.5-5.1 mm)
(see table) Noncritical use 0.05-0.20 0.05-0.20
(1.27-5.1 mm) (1.27-5.1 mm)

* For other viewing distances (D), in inches, multiply tabled values by D/28.
Source: Adapted from Heglin (1973) and Woodson (1963).



A-N Displays: 4. Character Size (Cont.)

b) For Distance Reading:

0] readability and legibility of alphanumeric characters are equal at
various distances, provided that:

. as viewing distance increases =

. characters size increases (and vice versa), and 3438 - H
VA (minutes) = ————

. VA subtended at the eye stays the same D

Recommended reading distances (different studies):

» For reading displays: Diffrient et al. [1981] suggest: 33 —71.1 cm
(with absolute max. of 76.2 cm)

» Van Cott and Kincade [1972] also suggest 71 cm (as this is a
reachable arm length)

» Leibowitz and Owens [1975]: a good reading distance is about 59 cm
as the resting state of the eyes

Source:
) 021


https://doi.org/10.2752/175630611X13091688930499

A-N Displays: 4. Character Size (Cont.)

b) For Distance Reading (cont.):

0] formula [Howett, 1983]: for finding stroke width/height of letters as
function of distance and Snellen visual acuity: n |

D e
T T
[ |
W,=1.45 * 105 * S * d T e |
H =WJ/R l
= = S
o) W,, d, H must be in same units (mm, in.) .
o) W.,: stroke width S e
o) S: denom. of Snellen visual acuity i 20 .
(e.g. acuity = 20/40 = S = 40) e
o d:reading distance ) }
I s |

o) H,: letter height

o) R: stroke width-to-height ratio
of font (e.g. R = 0.20 for ratio: 1:5)

o e22



A-N Displays: 4. Character Size (Cont.)

b) For Distance Reading (cont.):

0] for low illumination, low contrast = use large letters

0] design signs for people with Snellen acuity at best: 20/40 (see below)
0] table below shows how to use this

. to find recommended letter height, H, W= 1.45 * 105 * §* 4
. for various stroke width-to-height ratios, R H,=W/R

. at various distances, d (in., ft.)

. using a Snellen acuity score, S of 20/40

A

A

A

o 023



A-N Displays: 5. Layout of Characters

 Previous discussion: design of characters

« Layout of characters can influence reading:

0] Interletter Spacing:
. l.e. how "tight” are letters packed (i.e. density)

. study by Moriarty [1984] : high-density (close-set) letters were read faster
than regular-spaced letters (see figure below)

. reason: more characters viewable in quality visual field (i.e. fovea) at
each fixation

Regular spacing of text type (regular density)

The ESS Performance Series 1s both a choice and a
statement. The choice I1s to continue ESS's long
tradition of excellence by trimming costs without (,%

WW\W\N\WWW
Close-set text type (high density)

The ESS Performance Senes 1s both a choice and a statement ‘@
The choice s to continue ESS's long tradition of excellence by
trimming costs without sacrificing performance and by omitting

e T s o e o e e e i e

@24




A-N Displays: 5. Layout of Characters

 Layout of characters influences reading (cont.):

0] Interline Spacing:
more spacing = increased text clarity
less spacing = eye strain, headache
see examples below

The interline spaces

are too small between
some of the lines. Why

so? This is the contin-
uation of the text.

o e 25



A-N Displays: 6. [lluminated AN Characters

« Characters also presented on

0] VDT (visual display terminal), aka:
0] VDU (visual display unit, i.e. computer screen)

« Characters on VDT
0] readable: 20-30% slower than on hardcopy (several studies)

0 reason: R r———
. dot-matrix VDT: composed of 1000's
of pixels “picture elements” (1960's)

. horizontal line of pixels
form “raster scan” or scan lines
: . " B
. pixels are lit (i.e. turned “on” I X

and "off") to form images
. e.g. 640 * 480 VDT screen: 480 lines by 640 pixels

. higher “resolution” (e.g. 1920 *1080) =
more pixels per image =
less difference between reading from VDT vs. hardcopy

. lower resolution (or old VDT): poor accommodation

[ @26



A-N Displays: 6. Illuminated AN Characters
Dot-Matrix displays:

O O O O

characters made up of a matrix of pixels

individual character: matrix 5 * 7 (i.e. 5 columns * 7 rows) to 15 * 24
see e.g. below: 7 * 9 dot matrix letter ‘B’

note, ALL letters/numbers can be created on this formation of dots

7 * 9: minimum size for reading continuous text 'Y Y 99 OO

| o) YeXeoJel Yo

smaller matrices (e.g. 5 * 7): s} Jejolele)

individual matrix pixels are visible o) Jololel Je

= reading is affected Y Y X X Jole

o] Jejeolel 1o

larger matrices: o1 JoRololeX

individual pixels: not distinct oy JoXeXel Jo

= performance improves X 1 N X Jele
FIGURE 4-10 7 X 9 dot matrix

Example of a dot-matrix letter. All letters and numerals can be formed from
combinations of the dots.

e27



A-N Displays: 7. Distance & Size (VDT)

Distance
0] VDT viewed normally farther than hardcopy text

0 eye-to-screen distances (studies in 1980’s):
24 — 36 in. (61 to 93 cm)
mean: 30 in. (76 cm)

0 ANSI| standard (1988):
viewing monitor in an upright position,

. screen should be placed
at about distance:
18 -20in. (45to 50 cm)

. and since people don't usually sit in an
upright posture,
we will take nominal VDT reading distance:
20 in. (50 cm):

. compare this with

e28



A-N Displays: 7. Distance & Size (VDT)
Size
0] at 20 in. nominal reading distance (several studies):

recommended minimum
subtended VA =11 - 12 min. of arc

= character height = 0.06 - 0.07 in. (1.5 to 1.8 mm)
this is smaller than for (0.09-0.11in.)

0] ANSI (1988): size for high legibility reading for capital letter (@ 20 in.) :
. minimum VA: 16 min. = height = 0.09 in. (2.3 mm)

. preferred VA: 20 - 22 min. = VA (minutes) = M
0.116 - 0.128 in. (2.9 — 3.3 mm) D
note, these are closer to reading heights

. maximum VA: 24 min. = 0.14 in. (3.6 mm)

o) this is threshold height for comfortable reading

0] reason: when character size increases
= more Is required
= more fixations are required to read a sentence

®29



Graphic Representations
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(0]

GRAPHIC REPRESENTATIONS

Graphic Representations of Text

Pictorial information: important for speed
Text information: important for accuracy
Instructional material: should combine:

Pictures + Text = speed + accuracy + retention

Graphic Representations of Data

Data graphes:
e.g. Pie charts, bar charts, line graphs
2-D graphs, 3-D graphs ( )

graph should be
consistent with numerical data
Properly, clearly labelled (all variables, units, etc.)
Some representations: distort data perception
e.g. May change differences between 2 variables
e.g. May give impression of

e31



GRAPHIC REPRESENTATIONS (cont.)

® 32



GRAPHIC REPRESENTATIONS (cont.)

FIGURE 4-14 Examples of possible distortions in perceptions of data presented in
graphics. Part 1 can suggest that the difference between A and B in-
creases; however, part 2 shows that this is not the case. Part 3 can
suggest disproportionate increases from condition a to b to ¢; part 4

corrects for such an impression.

IO
50
Y 40
No Zero
30 I Base Value
20 1 L 1 1 1
1 Z 3.4 5 6
X
Difference between
10 A and B
Y 5-0/‘\/0”\
0 1 1 5 e 1 A |
1 2°'3 4 5 6
X

40
30
20
10

30

20

10

Condition

b
Condition
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GRAPHIC REPRESENTATIONS (cont.)
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Symbols
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SYMBOLS

Visual symbols should be very clear

e.g. men vs. women restroom sign

Comparison of Symbolic & Verbal Signs

Verbal sign may require “recoding” (i.e. interpretation)
E.g. sign saying “beware of camels”

Symbols mostly do not require “recoding”

E.g. Road sigh showing camels crossing

= no recoding (i.e. immediate meaning)
Note, some symbols require learning & recoding

Ells and Dewar (1979):
Conducted study on traffic signs and symbols
Mean reaction time for correct response was less for symbols (

® 36



Reaction time, miliseconds

1000

900

BOO}

700

SYMBOLS

Comparison of Symbolic & Verbal Signs
0] Cont. Ells and Dewar (1979): see results below

e

Verbaol-Yes

//‘.
///
-
e ’Symbohc -No
)
-~
~
~
-~
-~
-~
o
~
//
_~ " Symbolc-Yes
s
<
-~
o
Nondeqgroded Degraded

Viewing condition

FIGURE 4-15

Mean reaction times of yes and no re-
sponses to symbolic and verbal traffic
signs viewed under nondegraded and de-
graded viewing conditions. (Source: Ellis
and Deward, 1979, Fig. 1, p. 168.)
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SYMBOLS
ODbjectives of Symbolic Coding Systems

0] Symbolic coding system consists oOf:
symbols: that best represent their referents
referents: concept that symbol represents

0] Obijective: strong association: symbol-referent

0] Association depends on:
. any established association, “recognizability”
ease of learning such an association

0] Guidelines for using coding systems (discussed eatrlier)
. Detectability

. Discriminability
. Compatibility
. Meaningfulness

. Standardization

® 38



SYMBOLS
Symbols:

0 either are used confidently
0 tested experimentally for suitability

Criteria for Selecting Coding symbols
1. Recognition: subjects presented with symbols and asked:
to write down
or say what each represents (example: )

2. Matching:
. symbols are presented to subjects along with a list of all referents

represented

. subjects match each symbol with its referent

. = confusion matrix : indicating number of times each symbol is
confused with every other one

. also reaction time may be measured

3. Preferences and Opinions: subjects are asked to express their

preferences or opinions about design of symbols o



1.

SYMBOLS

Examples of Code Symbol Studies

Mandatory-Action Symbols
e.g.: ‘recognition” testing of symbols + training (see below)

FIGURE 4-16

Symbols of mandatory-action messages used in a study of recognition and recall of such sym-
bols. The percentages below the symbols are the percentages of correct recognition, as follows:
O = original test; R = recall 1 week later. (Source: Adapted from Cairney and Siess, 1982,

Fig. 1.)

1: Must use ear 2: Must use eye  3: Must use foot  4: Must use hand 5: Must use head  6: Must use

protection protection protection protection protection breathing
protection
0 - 10% 20% 30% 50% 37% 13% 40
R - 73 96 100 97 97 97



SYMBOLS

Examples of Code Symbol Studies (cont.)

2. Comparison of exit symbols for visibility:
. example of symbol recognition/matching
. note, some “no-exit” symbols: perceived as “exit”!

041



SYMBOLS (cont.)

Examples of Code Symbol Studies (cont.)
0 Generalizations about features of signs

. Filled figures: superior to outline figures
. Square or rectangular backgrounds: better identified than circular
figures

. Simplified figures (i.e. reduced number of symbol elements) are better
than complex figures

04?2



SYMBOLS (cont.)

Perceptual Principles of Symbolic Design

Figure to Ground: e.g. Direction must be clear
Figure Boundaries:

solid boundary better than outline boundary
Closure: figure should be closed (ie continuous)

Simplicity: include only necessary features

Unity:
Include text
and other

details close
to symbol

" (a) Figure/ground

(d) Simplicity

(e) Unity

I

N
| i l | I R |
‘\ )
Good, stable figure Poor, unstable figure
(b) Figure (c) Closure ; : :
boundary Ae?::r;pvl:dshape igpeadily All parts of this symbol lie
q P within a single boundary
making a good symbol
Se0a Closed figure
readily perceived ’/
o | — @ mmin
Poor
Ta—— fmi Too much detail makes
Poor ﬁ ) X; ng;ﬁen ot a weak symbol Detail outgg:e makes a
oor sym
has less impact P
FIGURE 4-18

Examples of certain perceptual principles relevant to the design of visual code symbols. These
particular examples relate to symbols used with machines. (Source: Adapted from Easterby,

1970.)



SYMBOLS (cont.)

« Standardization of Symbolic Displays

0] Symbols should be standardized if:
. Used for same referent
. Used by the same people
. e.g. international road signs (below)

A& & 1] e

SLIPPERY PEDESTRIAN
ROAD CnozslNG HOLEES 2T pLow MECHANICAL
(RIGHT) TURN  YOUR HORN HELP TRLERHONE
(a) Danger signs (b) Instruction signs (c) Information signs
FIGURE 4-19

Examples of a few international road signs. These are standardized across many
countries, especially in Europe. Most of these signs are directly symbolic of their ref-

erents.
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Codes
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CODES

Coding elements:

Referents: items to be coded
Code: sign/symbol used to indicate referent
Coding dimensions: visual stimuli used
(e.g. colors, shapes, sizes, numbers, letters)
Codes could have:
. single dimension
. or more than one dimension (multidimensional)

@46



CODES

Single Coding Dimensions

0] experiments done to see best dimension
0] experiment by Smith and Thomas: varied

. shapes, geometric form, symbols, colors (below)
. mean time to count target class was measured
. color showed greatest superiority (see next slide)
o ]
| C-54 C-47 F-100 F-102 B-52
Aircraft
e |+ A | 4 A
Triangle Diamond Semicircle Circle Star
Geometric
forms A ’ Py . *
Radar Gun Aircraft Missile Ship
Military
symbols ‘ % 1 l adbdbee
( &8:}%:35” Green Blue White Red Yellow
Aotation ) (25G 5/8) | (586G 4s5) (5Y 8a) (5R 4/9) |(1OYR 6/10)
A FIGURE 4-20

Four sets of codes used in a study by Smith and Thomas. The notations
under the color labels are the Munsell color matches of the colors used.
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CODES

Single Coding Dimensions (cont.)

cont. Experiment by Smith and Thomas
results shown below: why is color the best code?

5

W
O
T

S

Meon time to count torget closs, seconds
o o}

s 80 S e et s
Aircraft
Aircroft N \
shapes o \
P £ 60} 'y
c Ge19mefnc ]
Geometric b » e, !
torms ., © \
x £ 40 \
Militory B ilitary
Symbois _(x) + symbaols
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FIGURE 4-21

Mean time a and errors b in counting items of four classes of codes as a function of

display density. The Xs indicate comparison data for displays of 100 items with color

(or shape) held constant. (Source: Smith and Thomas, 1964. Copyright © 1964 by the ®48
American Psychological Association and reprinted by permission.)
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CODES (cont.)

Single Coding Dimensions (cont.)

TABLE 4-5

SUMMARY OF CERTAIN VISUAL CODING METHODS

(Numbers refer to number of levels which can be discriminated on an absolute basis under

optimum conditions.)
Alphanumeric

Color (of surfaces)

Color (of lights)

Geometric shapes

Angle of inclination

Size of forms (such
as squares)

Visual number

Brightness of lights

Flash rate of lights

Single numerals, 10; single letters, 26; combinations, unlimited. Good;
especially useful for identification; uses little space if there is good
contrast, Certain items easily confused with each other.

Hues, 9; hue, saturation, and brightness combinations, 24 or more.
Preferable limit, 9. Particularly good for searching and counting tasks.
Affected by some lights; problem with color-defective individuals.*¥

10. Preferable limit, 3. Limited space required. Good for qualitative
reading.

15 or more. Preferable limit, 5. Generally useful coding system,
particularly in symbolic representation; good for CRTs. Shapes used
together need to be discriminable; some sets of shapes more difficult to
discriminate than others.1

24. Preferable limit, 12. Generally satisfactory for special purposes such
as indicating direction, angle, or position on round instruments like
clocks, CRTs, etc.§

5 or 6. Preferable limit, 3. Takes considerable space. Use only when
specifically appropriate.

6. Preferable limit, 4. Use only when specifically appropriate, such as to
represent numbers of items. Takes considerable space; may be
confused with other symbols.

3-4. Preferable limit, 2. Use only when specifically appropriate. Weaker
signals may be masked.}

Preferable limit, 2. Limited applicability if receiver needs to differentiate

flash rates. Flashing lights, however, have possible use in combination

with controlled time intervals (as with lighthouse signals and naval @49
communications) or to attract attention to specific areas.
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CODES (cont.)

Color coding
Color is a very useful visual code

Q: What is # of distinct colors that normal color vision person can
differentiate (absolute basis)?

Jones (1962) found that the normal observer could identify 9 surface
colors

With training, people are able to identify around 24 colors

But when dealing with untrained people, it is wise to use a smaller
number of colors

Color coding is very useful in “searching”/ “spotting” (as compared to
other dimensions)

. e.g. searching maps, items in a file, identifying color-coded wires

Note, color not universal “identification” code
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CODES (cont.)

Multidimensional codes

Recommended: no more than 2 dimensions be used together
for rapid FIGURE 4-22

AETpretation Potential combinations of coding systems for use in multidimension
Certain coding. (Source: Adapted from Heglin, 1973, Tables VI-6, VI-22.)
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codes Color x| 2 ] X% [ %] %4 % | %| %
Numeral and letter X X X
Shape X X X X
Size X X X X X
Brightness X X X
Location X X X
Flash rate X X X X
Line length X X
Angular orientation X X X X
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