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ABSTRACT

The l e q i o l li t y  of selected military map symbols on a
CR? display was determ ined by testing a symbol set of nine-
teen primary role descriptors symbols for military units
using a tacPiistoscopic presentati on technique. Simpler q.o—
m etric symbols composed of fewer line componen ts wer e more

• qu i ck ly recognized than complez ones, and were also the
source of fewer errors. Symbols with circular or curved
components were •orø likely to be confused with each other
than with symbols composed of linear co.ponents.
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PAGE 2

INT RO DUCT I ON

Automated d?ta pr cessinq tADP) is recognized as havin g
k great potent ial in the tactica l comi.arr d and control env iron—

ser ~t. 1t3 use has been accele rated by the ava ilability of
mo te compact and powerful p,ocessors. new techniques of mass
data storage, and new types of displayc . Recognizing the
.ncrr asinq potent ial for automating the display of

• 
sap-relate d rn focm atto n , the M i lit ar y Symboloqy Wo rking
‘(~~~? of the N~~’O Army P~rmaments Group Panel X III has formu
lated a new set ot standard symbo logy to acco.~~ at. ADP 

jig—
play tec!~niqu.s (7). DC!~ M has undertaken tO st..dy the Ic—
g r b r l i t ~ of the proposed synbols on diff erent types of else—
tronic displays , and •ander a variety of conditions. This
r eport deec-ib es the firs t ~taqe in that investi gatio n — — a

• study of the le~~ib il1 t y of the pr ic er . rol e descriptor sys—
bola on a CR? display. These symbol . comprise the most fre-
quently used let of military map—m arking sy,s.,.,ls. Only
those role d~ 3cr iptor symbols considered to be applicable to
Canadian Forces units were stiult.d — — — a total of 19 sym-
bols, shown in Fig. 1.
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• FIGURE 1

PR IMAR Y RO(.1 0E5CK ?TOR SYMIOL$

Al though such of the r esearc h on symbol legibUity has
been carried out uilnq alphanumeric symbols , some work  has
been don. on the r’lattve discrim in.bility of certain geome—

• 
I tile symbols. Early work on geometric forms was motivated

by Gestalt theory and was oriented toward finding thi bent
or most easily .coqnhz.d form. These studies were not ce:’l—
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clu sive. sr~ ce recoqnrt) on of a form depends not only on its
t~~~i., but on it s si mi lar i ty to other forms in the tented

~~~~~ t~. numbcr of such forms , and the observer ’s faith —
4 ac ity w ith them (Honzgf .ld. l9~ 4).

Later e.rperi.entets, using larger sets of symbols, at-
tempted to dete rm ine absolute ran kings of symbol shapes on
the basis of J ir c riir i r •at.l tty . Alai n . there was a Lack of
aqreesent , altrrough a review by Vanderkolk et al. (L~ 7’~)
St ates that the triangle. square, circle. X, and rectangle
the simple geometric for.a~ are qenetal lj ranked highest in

le~~i b i l i t y. ~~es e  authors suqqest that cne possible espla—
nat ion for the dive rsity of ~indinq s concerns the conto~&nd—
ing of symbo l size and symbol area.

• Dav is (l~~~9) c” ncluded that several factors have limit—
.d the applicability of the studies on symbolic cod ing.

1. Some studies included a biased representation of
form families (e.g.. many circular or elliptical
t c ss~ and few linea r one3)~

• S 2. Few eaper iments were run using a realistic display
situation , ei ther in term, of the hardware, or in
terms of esact symbo l design and pre sentati ons

3. In some cases , conclus ions were drawn from limited
sets of symbolsi total codas w r e  not tested.

• . S

Marietta an) SPiurtleff (1q44) have ine..tlqat.d the l~~
qib iitty of m ilitary sap symbols to determine the minimum
acceptabl, resolution for symbol legibility on a television
monitor . Thirty military unit symbols with different comb i-
nations of role and si*e de .iqnation were studied . four of
these roles were th, same as th. ones used in the current

• 
S study. More recently, • large study on the relativ. dis—

‘- cim in ab ili t y of 215 tactical air symbols was csrrt.d out by
W illiams and Teichn.t (l~~7~~). Accuracy of respons. and res-
ponse latency were used to prov iSe information .wr the dis—
crimln ab ility and confusabtllty of the symbol set.

These evaluations of symbol codes h ave peoduced only

• • very general guidelines for the design of legibl. symbols.
The lack of specific recommendations on symbol design re-
quires that any particu lar symbol set under constder•tios be
espert .entally tested for legibility.
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• PAGE 4

S METHOD

• S~ b)ects

£ i -~ht subjeCtS volunteered to p~ rt icipa te in the cur-
rent ciper inent. They were all es,.loye es of DC I I.N who had

S 
no cape r lence with ai lit .ry maps or symbology. Al l had nor-
mal or cor re:ted vision of at least 25/25, as tested u s in g  a

B wa ll chart.

Appara tus

No specif ic design standards ace available regarding
the .eact shape or size of the symboloq y f o r  the p ri mary

• P rote descr iptor . Although the nature of some symbols pr e-
cl udes cuch va riation in design (e.g., symbols with lines
dra wn between cer ra in points ‘,ithin the rectangle, symbols
2,3,7 in Pig . 1) others can be drawn in e variety of ways ,
by changing the size and position cf symbo l components with-
in the rectangle. The design details of the symbols used in

• this esperteent ar. given in Pig. 2.

Sy*bois were presented on a monochrome v.-Por graphics
display (Digital Equipment Corp. Model vR17) with a resolu-
tion of 1I~ 4 * 1324 points in a display area of 24.5 a 23.0
em. Stroke draw ing techniques were used to generate the

• symbols on the dis~~tay . Symbols were .56 cm high (25.3’ a r c
subtense at the 76 cm view~ nq dis tance) and .S9 c wide ( 41’

• S arc subtense). Appandis A d.sc,rlhes the rationale used in
det.rmtntng s~abok subt.ns*.

Since a CR? is a light—emitting display, symbo l lumi—

I • nance depends on the number of points or lanes used to draw
the symbol. Thus symbols with only a few lines irawn m aid.
the unit rectangle (e.g., Pig 1, syabole 1,3,12) will have

• lower luotnance than symbols with many lines (e.g., •ymbols
14.1$), assuminc, that they are all drawn at tI. sam. inten-
sity setting . Since this luminanc, difference could be used

Z as a mo ans of dif ferentiating between s’~’mbo1s , sym.o1 lum i—
nances were equated under software control to deer tale the
inte~rsity of symbols with more lines arid to increa s , the in-
tensity of thee, with fewer lines . Only the role descriptor

• portion of the ayaboL was ~djusted. The unit rectangl, was
lef t at median intensity. Aveisge symbol luminance was 2.75
ft-f.. w ith a range c~f ..‘ ft-I. (see Appendi* A for ~ deser ip-
t lo n  of the luminance measureme nt techntqu . and data on in-
d ividual symbol luninancesi. Symbol contrast ratio vus 26,1
measur ed as d.s’-tib.d ~n Append is A.
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~ub)ects ~‘re seated in f r o n t  ot the display screen in
a s-irlt r~~~th ccnstructed of moveable pa:titions , which pro—
vid .~d both ac~ ustic shtel d ini~ from equipmeri~ noise (soun i
pre~~ ure leve1-6~ dbA inside the bc~oth) and . u n i f o r m  visual
background to m r i i m ize reflection from the d~i.p1ay screen .
Si nce tri e maximum expected distance belween an observer and

~he display screen in th~ opera tional situation is 76 cm
(33 ) , this viewing ~ ista nc. was used in the experiment .
Head fixation was maintauted by use of a chin rest.
Response selection was effected by indirect cursor position-
m g  from a Sun~~ag raphics digital tablet placed in front of

~~ e display.

Experiment s] Design

The exper iment was a factorial design: 19 (symbols) *
2 (sess i ons ) * ~ (subjects) with 10 cioservatio .~s per cell ,
1..., 191 observations per session, w ith the symbols random-
ly distr ibu ted over the 190 observations.

41 Proced ure

~‘he legibility test used in this eaperiment was a ta—
chistoscopic recognition task in which a symbol was randomly
selected and presented briefly at a fixed location on the
CR? d isplay. Each subject had an initial practice session

S ot 60 trial s fur familiar ization with the equipment , symbo l
41 set , and proceduma. A ahor t refami liarization period (con—

si~ ting of 2~ tria~~ ) started each experimenti l session .
Experimen tal sessions were about an hour in le~ gth , wi th a
five m inute break in the middle to alleviate bore~ oa and ta-
tag ire.

Each trial began with the presentatinn of a rectangular
fixation symbol for 4 seconds. There was a 0.5 sc. blank
interval to announce the test symbol which wj’s pr esented for
0.032 sec. A solid rectangular mask then app.a~~d tot 2
sec. at the location of the test symbol , followed by a ran-
domly—ordered ma trix of the 19 symbols for 10 sec. The ma-
tr ix was positioned on the screen below the test simbo l lo-
cation and was arranged in four row s of 4 sj- b.,ls and one

° row of three. The cursor symbol (a boa with an ‘Z’ in it)
was d isplayed simultaneous ly with the matrix. ~he subjectoved the cursor symbol over the desired matrix symbo l using
the cursor ~ontrol1er and then p ished a button on the cursor
controller to indicate his choice to the computer. The cho-
sen symbol flashed for 2 sec. after which the matr~i was
removed from the screen.

41
The subject initiated the next trial by selection of

the word ‘NEXT ’ that was displayed to the right of the I
screen (or to the lef t for left—handed subjects) after the
removal of the matrix. This technique also fixed the start—

4)
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•

Ing position of the subject ’s symb’~t ac~ u4sttion movement .

5 Data collv~ t.d dur i ng eac~ erp er ime nta l tria l consisted
of the sym ’ o1 presented , the symbol chosen and the time (ac-
cuiat. to l’bO Sec.) betwcer. the start of presentation of
the m a t r i x  and the subject’s response.

S
RESULTS

Time Data

A four-way analysis of variance was .arrled out on the
data on response tines, treating subjects as a random f~ctor

• and the rem am n ii q tact rs as fixed . In the entire exper i-
ment , there were ten trials in which the subject did not
make a respons e, probably because of involuntary eye move—
•ent at the time of the symbol presentation. These in-
stances represented only 0.3*  ~t the data p~ ints a.:d were
distribut ed over subjects , symbols and sessions. The value
used for each missing data point was the value of the cell

S mean , and the err or degrees of freedom wire reduced accord-
ingly.

• ~rcnse time in this experiment can be cons~d.red to
consist of a vari able decision time plus a fixed delay due

$ to mc.cor response. This Is reflected in the positive skew
of the respon~. tine data. In order to reduce the correla—

• • tion between the moan and standard deviation , and so better
satisfy the assumptions of the analysis of variance model , a
transformation , loq(i—I.U), was applied to th. data (Wirier,
1962)

Th. analysis of variance Is shown 1,i TabLe 1. AL L
two—way interactions and main effects rw’t involving replica—

5 tions, except fo~ the symbo l x session interact ion, were
significant at the 0.01 level. All other interactions were
not significant at this level. the subject x session inter-
action is ç’lctted in ~‘a ,. 3. Pot all subjects but one ,
average response time dropped in the second session, by
about 7%.

The existence of a symbol * subject int.raction ind i-
cates that the pattern of subject s ’ response times was not
the same across symbols. However , it should be noted that
the main effect r ratios are considerably larger than the
In teraction ratios , thus suggesting that this Interaction
contribites littl, to the variance in respc se timee to syn—
bo is.
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4 2r—
SUBJECTS

liME

32

30

0

28

26

24 1
SESSION SESSION1 2 0

_ _ _ _  ~ _~ ,_ _ _ _ __ __  

S
_ _ _ 

•



k _____ -—
• 4

0 Pt4 L 11.
rAoI..r t

• I ’ ANALYS IS OE VARIANCE O~ TIME DATA
p

~~~~~~~ CF VARIAtt ~~N SS MS P

~ ‘f (~~ytWbO1)  10 3 0 . 1 0 )  1. 6 7 2  31 .lO’
S~ (‘ublect ) 7 l6.’34 2.362 40.$$
Sy  * Su 126 13. 767 0.125 2.l6~~

• 4’ 0 Se S~ ssIon) 1 2.923 2.92) 52.76’
S~ * ie 10 1.083 0.104 1.80

x Se 7 1. 769 0.232 4.3ö~~
Sy * Su x S. 126 7.529 0 059 1.03
R (Repiicat :on) 9 1 498 0.122 2.20
Sy x R 162 ! .0 ) 1  0 .03 ’, 1.01

p Sir * 0 63 ~.68’, 0.074 1.20

I , Sy * Sr * M 11)4 44.389 0.134 .90
S. s N 0.464 0.074 1.33
Sy x Se i 162 0.977 0.055 .19
sir i Se — N 63  4 . 0 13  0 .04 3  1.09
Sy * Sir x Se z 0 1124 63.231 0.030

•
Sig nrtr c ant at 0.01 level

p U

?igure 4 shows a graph of the corrected response times
$ (mean untransfor med time for symbols named correctly) for

each symbo l avetaqed over subjects and sessions ano ordered
on Ui. basis of increasing time . The mean response times

• range fro. just under 2 sec. for symbol 19 to 3.75 sec.
• for  symbol 11.

~ $ Irrots

• Percent errors for Individual symbols are gives In
TabLe 2 in order of increas ing error rate. They rang ed from
under 1% for symbols 3 and 6 to just under 10% for symbols

P 1 10 and ii. M ean error for .11 symbols was 4.47%.
I

An appropriate way of presenting error data from a 1,—
qib il ity experim ent is in a confusion •atri* (Table 3).
Mere the columns represent the symbo l presented arid the rows
represent the symbol named . I f  all the symbols had been
correctly naøed, only the diagonal entri.s woeld be

• 4) non-sero , and in th i s case those entries would be 160, sInce
each symbo l was presented 160 times over subjects and ses-
sions. The non—lero entries outside the diagonal peseide
Information on the confusions made. Column error total.
(the bottom Line in the matrix ) ate the numbet of timea that
a presented symbol was wron g ly  named , while row erret total.
give the total number of times that a particular symbol was

• 0 called instead of another which was presented .

S
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FIGURE 4
MEAN RESPONSE TIMES FOR SYMBOlS
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PAC 13

O
TA B L E 2

• 5 £~~RC~ RATES P0* SYM8OLS

£

I SYMBOl. ~ ERROl

0 .62  4 .3 7

• S 0.62 4.3 7

1.8$ 3.62

2.50 3.62

S 5 L~J 2.50 3.62

2.50 7.30

3.12 0.12

L~i~:J 3.13 9.37

• . 3.73 9.37

[ J  3.75

The contusions between symbols occurinq two or mote
• ~ times are illustrated in a directed graph (Fig. 3). The ar-

rows between symbols represent ~he direction arid strength of
the corifusions , based on number of occurrences . Analysis of
the confusIon matrices for Individual subjects Indicates
that contusions between cert,iin pairs of symbols are not
distr i buted evenly over subjects. For many pairs , one sub-
ject was responsible for the major ity of the confusions

• made. These lin k s are marked with a star ( )  in Pig . S.

A high positive correlation (re .96) exists betw.en res-
ponse time and error rat.. A t—test indi:atee that this
cot relation Is significantly different from sero (t.l4.1. 17
d.t.)

• S
DIIC’SSIOW

The orderi ng of symbols on the basis of response tim.
(Pig. 4) seems to indicate that the simpler •y•bols i.e..
those composed of fever line components) were recognised
more quickly than thos, with a more cosples geometric pat—

• 5 t~ vn . Pot example , Symbol 3 required less time for r.coqnl—
tion than any other symbol e*cept th. blank (symbol 19).

a
• S
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• • S 
S -~__ _  

S~~ •__ __ 
S



A

Ia P1~(

TABL E 3
• M~~T RI~ OP SYNb~)L CON?USIONS 3HOW NG TH~

NCM aE R OF T1M~ S A CtVE~1 SYMBOL WAS NAMEO FOR ANC
r44?R

4

SY .43QL SYMICI. PRESENTED TOTAL.
NAM(O ERRORS

• 0 1 2 3 4 3 6 $ 9 10 11 12 13 14 15 16 17 1% 1)

1 3 1 0 0 0 0 0  e 3 1  i i i i i  J 0 4 0 0  9

2 0 156 0 0 0 0 4 I 1 0 2 I 0 I I I I 1 I S

3 I I lSS I I J 0 I 0 I I 1 0 0 I 1 0 1 0 2
p 0 

~~~~~~~ 1 0 0 1 5 7 1 0 0 0 0  0 0 1 1 0 0  3

EI~ 1~ 
0 0 1 1 1 5 4 1 0 0 0  1 1 0 0 0 0 0 0 1 0  I

~~~~J 6  1 0 0 0 0 1 5 9 1 1 2  6 1 1 1 1 3 0 0 5 2  2

• I ~~~~~~ 7 0 0 0 0 0  0 1 3 3 0 0  $ 0 1 0 1 0 0  1 0 1 2

S 7 0 0 I 0 0 0 156 0 0 I I I I 2 I 0 0 I 9

9 I I I I I I I 0 140 0 I 0 1 0 0 0 0 0 0 1

1 0 1 6 1 1 0 0 0  1 4 5 1 0 1 2 0 1 7  1 0 1 0

• . I
L~~Ju 0 1 I I 0 0 I I 5 0 151 1 2 S 0 0 I ~ 0 13

12 1 1 0 0 0 0 1 0 2  0 0 1 5 5 1 1 2 1 1 1 1  S

EEJ 13 I I I I I I I I I I 1 0 153 0 0 I I I ~ 1

• 
0 0 4 0 3 1 1 1 0  3 0 0 1 1 5 4 0 1 0 1 0  7

~~ J l3  0 1 0 1 1 1 1 1 0 2 0 1 5 1 1 5 1 1 0 0 2  S

16 I I I 1 0 0 5 I I I I I I I I 136 I I I 1

1 0 0 0 0 0 1 1 1  2 0 0 1 1 0 0 1 4 7 0 1  4

~~ J is  0 2 1 1 1 1 1 11  1 1 1 0 0 1 0 1 1 4 5 0 7

19 1 0 1 1 0 1 1 1 1  2 1 2 1 3 1 1 I 1 l 5 4 1~

TOTM.
ERRORS 9 3 1 2 S 1 7 4 11 13 I 5 6 6 S 2 13 14 1

•

p

I C

p 8 
_ _  

_ _ _ _ _ _ _ _ _ _ _ _ _

p 0

S S S S S S
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syMbo l 18. a complex symbc~~, required o e  tim. than dId .i~
ther of its subconpoients alone (symbols 2 and 6). Current
tfleor ies of patter n recoqn ition based on feature extract ion

4 ILinisay ar~d Norman . 197 7 )  predic t  this resu lti as the
numb.~I of i ’*divi dual featui eu of a symbol increases , acre
time is required for their extraction and processing .

The high posi t ive c o r r e l a t i o n  between response tim. and
• errors indi ates that sub~ ecti were not sacrifici ng accuracy

in o rde t  to be able to recognLze symbols more rapidly.
Symbols w hich took longer o recoq r t t ze  —— — the liOte comp~~.i

were a1s~ the sour :e of more err ts. Other re-
searchers ~ave found the same correlation (Wi1l ~ a.s arid Te—
ichner , 19’9). It is a well—established princ iple that
si’ pler fo rms are •a~~ier for the human to pro cess (lusne ,

• 1374). It is preferable , therefor e , that symbols for coding
be kept siipl. in form.

Al though it is ditf t ’~u to state accepta ble lim it
f o r  e r r o r  in these kind ! of experiments , Hon igreld (A964)
claims that a criterion of 5% accuracy In respond ing to a
code under lab conditions -as been agreed as adeguat.. The

• overall error ‘a te in this experi ment satisfies thi? cr i ter-
ion . The confusion matri x gives an ir,d.cation of the natur e
of the er rors. It is notable that contusions were not n.—
cessar ily symmetrict for examp le , symbol 11 was named for
symbol 1$ in 6 instances , but the reverse error occurred
only once. A par ticularly striking example of non—symmetri c
con~ u~zion In this experiment involved symbol I (the ellipti—

• cal symbo1)~ alth,uqh It was misnamed only once (error rate
0.62%), It wig named instead of other symbols a total of 21
times. A tendency for I~ p.tf.ctly—p rceived forms to appear
round is a v.11—documented phenomenon (lusne , 1970).

A distinction can be mad. between symbols which are re-
peatedly the source of errors (I..., irs misnamed), such as

• symboLs 1,9,10,17 , and 1$ and those wh ich are the recipient
of such errors , l ike 6,10,11, and 19. It is possible that
r.des (qn of symbols In the latter set would reduc. the ov.r—
all error , although these symbols are not themselves the
ones misread .

?P*e fact tt at confusions between ,...rttcular pairs of

• sym iola are often confined to one or two subjects sakes it
imp ,ssible to generali ze these find ings to a wider subject
po;.ulatlon. However , fro. Pig. S It can be seen that th.
confusions fall into two main groups, those involving cir-
cular or curved symbols e.g., symbols 1,6,1.13) and those
Involving angular or sore linear symbols (e.g.. symbols
2.9,11). Another separate •u~~roup of confusions perhaps

• 
could b. defined b~ the alphabetic—like .y.bols (3,15,17).
Contusions tend to occur within groups, and do not Cut
across group boundaries, eic.pt through symbOlS 9 and 1$.

a
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• PACt 17.
1 w h i ch  h.*v~~ bot~’. curved and linear components. This find i ng

• is consistent wtt!~ Dav i s (l9~ 9) conclusion that for .axiaua
- coding efficiency, 3ymbols should differ st’onqly Ir* st’ape .

:sne (19’S, has provided a p relimi nat ’ c~ assLficatton of
4 i .portanr for~x p a a e.ters . based on factors such as area ,

center of grav ity , numbot of sides , an ,ulacity and sy~~etty.
ructn .c ez’.rimentation will be ece l sa ry , however, to de—
term ine tP. exact parameters that should be varied to m ax im—

5 ii. the iiffere nces in shape of the rol. descriptor symbols
in tiis symbol set.

I n  this exper t~.nt, recoqn *tion is based on the role
desc ript or portion of the symbol, which is sometimes consid-
erably smaller th~~ri the overall target. In the case of sym-
bols 1, II, and 17 the role descriptor subtends only 9’ arc ,
wh ich may b too little for reliable identi fication (Gould ,

• 1 9 4 $) .  It is possibl. that increasing the size of the role
descrip tor portion of theme symbols might aid their recogni-
tion. However , it Is also possible that th. alas of the
r o l e  des cr~~~’”r (.~: w.L~~ .. its snap.) 15 be ing used as a
redu ndant cue to assist discr intn atio rt ~etween symbols of
sim ilar form , arwi that elimination of this cu. would have a
negative effect. Davis has suggested that redundant size

• 5 cc4~ nq say be advantaqeous for cod ing radar symbois.

Applica tion of these results to symbols in an opera-
tional environment would have to take into account the fac-
tors of semantic cont.nt, or meaning . 0~ the symbols, and
the tactical context presented in conjunction with the sym—

• • ~ 
boll on am a p display .

I Ct~SCLUS IONS

In agreement with previous studies on the legibility of
geometric forms , the experiment has shown that the aimpler
role descriptor symbols ace more quickly identified , with

p S fewer errors , than are sore couplet symbols. Patterns of
contusions between symbols are related to the nature of the
primary role descriptor form (linear vs. curved). rurther
study can determine the parameters of symbol form which ace
important for symbol recognition, and can indicat, possible
redesign that .ijht avoid so.. r~onfusions iat presently
occur .
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STI MUL I

Symbo l Siz e

Syeb3L size Is of p rimary importance in de.Lqninq leg i-
ble sysbols. ?rou a pract ical point of view , it is pr ’t .c—
able that the un it symbols be no larger than necessary.
since h is w ill ma~ imtze the numbe r of symbols that can be
d i sp la yed siruttaneously without overlap.

Reco*~en1atiOn5 for symbol height, ~.n terms ~~ visual

• 
angle subtend~ d at the viewer s eye, vary widely, dependIng
on the type of symbo l studied , the display system used , the
environmental condttton and the criter ion of p .r?ormarice.
A symbol sub te i se of 12’ arc is the typically accepted mini-
ma ! v i sual angle for alphanumeric data pre sented on televi-
sion and other electronic displays (Van Cott mnd kincade.
19701. However , a major review if legibilIty research by
V ardettolk et ii. (1975 concludes that a symbol subtense of
22-2 6’ arc is r e qu ir e d  under nor.sl operatLnq conditions.
index ideal conditions a subtense of 14’ is tnlerable , but
not recom mended . Sub— Optimal operating ..ivironsents ~..g..
extremes of illum ination, vibration) necessitate larger sym-
bols.

‘C
In operational use there is a requirement for up to

p three lin.s of opt ional alphanumeric text to be positioned
beside the unit symbol. If the alphanumeric symbols subtend
12’ arc , and there is 1’ arc between each line the total
space required is 30’ arC. A trade—ott can be mad e, there-
fore , between the r squir..ant to have symbo~.s ac small as
leg ib ly  possible , and the requirement to have enoug h s~iace
.d~ a-.nt to the symbol for associated text. Since the text

P can be allowed to extend in some degree above the top ~nd
b.lew the bottom of the unit symbol, a symbol subtense of
23’ arc was is.d in this exp eriment.

Symbol Luminance arid Contrast

Ses idee ~inq regulated by the Intensity level set in
• the disp lay software , luminance on the CRP used in this ox—

p.ttm.n t  was contro l.’ . ~v ,~~rr1 i constant software dls
play li st length to fli the refresh rats of the display , end
by hiving the vI ewe r— ac ttvat ed br ightness control at a tiled
position .

Luminance v’. messuced in two ways:
• S

1. by measuring Eli. 1.sslnance of the spots or lines
.s.d to construct the symbols,

I

• I

•
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p 2. by measur ing overalt luminance of ttte entire sym-
bol.

from thes e meas ’ement s , plu S a measure of the background
tu x ina rce, contrast ratio (C) was calculated as :

C • —

Do where Po • background luminance
p Bs • spot or symbol luminance

R~ commend3tions in the literature for these parameters
a r e typically 23 ft-L (~ ould , i,6e for symbol luminance and
between 4:1 and 30:1 for contrast (Howell and Eraft , 1939).

A Gamma Scientific photometer with a r icroscope attach—

• 
nent was used to neasur. spot Luminance . A single spot of
so~twate int.ns~ .y level 3 (the saoe as die unit rectangle)
was positioned below the location of the prompt symbol on
the display screen. Vie photom .~ er probe was placed at the
center of the spot, where the maximum luminance would occur
(assuming that luminance is distributed in a Gaussian manner
across the spot ) .  Because the spo t tended to drift cont inu—

• 
oualy, six read ings were avera ged , giving a spot luminance
of 459 ft—I. . A similar reath nq taken on the b lan k screen
gave a background luminance of S ft—I., for a spot contrast
ratio of 50:1.

Symbo l luminance was measur ed wi th i n  a cetiete ring po—
sitioned around the unit sym bo l so that the circle just

• • 
touched the corners of the unit rectangle. The luminance if
each symbol measured ii this way is given In Table A—I.
Avetag. symbol luminance was 2.75 ft—I.. ~he range of lum i—
nances was .4 ft—I. or 13% of the average. $ackground limi—
nines of the screen , measured over the same area under the
ambient Light conditions used in the exp .rimei t was .1
ft—I.. This gave a cean sym bol contrast ratio of 26:1.

p 4
TASLE A— l

SYMBOL LL.I4IrIANCES

SYMBOl. ..MINANC E (ft-I. SYMBOL LUMINANC E (fi t.)

• 2.~ 13. 2.4
2 2.7 12 2.7
3 2.4 13 2.7
4 2. 0 14 2 .7
3 2.9 13 2.9
I 2.S 14 2.1
7 2.7 17 i S

• 4 I 0 2.0 10 3.0
2.0 19 2.7

10 2.9

• 4’

• 4
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