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TUE EFFECTIS OF SIZZ AND IRIGHT: iESS ON T4Z SPEED OF

: IDINTIFYING WUBEL. OF RANGS EINGS

- by -

I..J. Seltzren end:- W. R. Garner

SUMMAEY L

i Introduction. In reading ranges from a polar coordinate display, the. S I
observer must first determine the range of the range ring necarest the target,

and -thon rake a visual interpolation for a rrecise estimaution of vange. One

| of the factors effccting how fast en observer cen identify a particular renge

i ring is the spscd with which he can dstermine the totel number of rings:

1 These experiments were designed to investigoate the effects of display size

f B (visual ungle) end brightness on the -speed of reporting the total number of
N range rings.
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Procedures. Various numbcrs. of range’rings wers projected onto.a
screen, and the observer was reguired to call out the total muber of rings
ag socn as he hed decided what the number was. Accuracy was stressed; and

3 the totel time reguired for thne correct identificeticn was measured. Visual s
: angles botwecn -one degree-~10 minutes and 90 degrees, and brightness levels

E betweon 0.05 and 55 apparent i‘oot candles wsre usged.

£ Conciuaions. The follcwing conclusions: were made on the basis of the

results of the experiments.

- 1. ‘Ihe optimum visual angle for displays of this sort is between 2v
3 and 60 degrecs of visual angle. This optimum is not very pronounced.

2. Changes in visval angle are most effective when the total number
3 of rings 1s great and are leoast, effective when the number of rings 18 small.

é 3. The rosults suggest that larger displays viewed from greater : ’
: distances give faster ident/ification times than smaller &1splays viewed from
"shorter distunces, even though the, visual angle is the seme in both cascs.,

J——— e I )

} L, The optimum screen brightnoss is about 10 apparent foot candles. N o

. 5. The offect of increasing the total number of r;l‘ngs‘ is more sgevere * ;
than the effect of chenges in either visual angle or brightness. |

6, Individual differences ard larg® and consistent and may 'be one of
the most important factors affecting the efﬁiciency with which this type of
percepeual task is performed.
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S INTRODUCTIOR

The polar coordinata display is cne of ‘the most widely usod types:--of
display in prescnt naval operatichns. Because of its impcrtance, a great
deal of resesrch-has been done on factors which -affect the spced and accu-
racy with vhich ranges and dearings can be read from the poler coordinate
display. This latoratory hae studied the problem of range estimations,
while the Psychophysical kesearch Unit at Mt. Holyoke College has worked
on tho problem of bedring estirations.

N qucholgggcal factcrs An range estimation. Thore ere ‘seversl peycho-
logical processes involved in. dotermining the range of a partlcular target
-on ‘& polar coordihate display, but for rost purposes only two vf theso
processis- are imporuant. In the first place, the observer must determine
the range of tho nearcst range ring, in order to get & gross or crvée rangs
oatimation., Secondly, ho must cstinate the fractional ‘distance of the target
botwoen twe succcssive range rings if the terget. does not fall exectly on
onie of the rings. iie must, in othor vords, make & visual interpolation for
his precise ¥Yenge ¢stimation.

Thesc. two processss can bo handled independontly from a rcsearch point
- of-view -in-such a way that the factors which affect each of thois can bz
detcrmined. This papor 1s- concerncd orly with the identificaticn of the
rengo rings, and not with tho visual interpolation process.

. Identification 'of range rings. A particular range ring can be iden-
tified if it has scume characteristic which distinguishes it from all other
. range rings .on the display. It may have a specific colorin&, or it may
havy & rengo number markcd on it at various places. Or, on the other hand,
-a particular range ring can be identified if its position with respect to
all -other range rings is known. For cxsmple, supposc that the obscrvor
knows. that thore are cight rirgs to reprosent a total of 80 miles. Thon
when he realizes that & purticular ring is the fourth ring, he knows what
range it rcproscnts--in this casc, 40 miles. In goneral, wo can expect
that the faster an observer can dctermine the totel number of rings on a
display, the faster he can correctly identify any particular ring (l)
. . With this relationship in mind, we ‘can scc that it is. important to inves-
tigate the factors vhich affact the specdé of recognizing the total dumber
of range rings on a d;splay

In a provious paper (3), thc authors showed tuat the time required for
correct identification of tho total numbor of renge rings incrcasos as the
number of rings is increased, Thus it tskes longor to recognize that thore
arc four rings on a display than that thore arc threo rings. Evon though
the relation botwoon time for correct identification end number of rings.
hold for all numbers of rings investigated, thorc was e chango in slope of
the function at approximately five rings. This change suggostod that the

slowing-dcwn offoct .of edding more rango rings is more sorious above than
below five ringe.
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Purpose of* cxperimonts. The purpose of the present cxperiments is to
determino the eifects of two udditional fzctors on the time roguired for
correct identification cf number of rungz rings. Ono sct of cxperimonts
is concorned with the overell sizc of tho displuy; end znothor sct is
concerned with tho brightness of the displey.

APPARATUS

Presentation of stimuli: The primary apparatus consisted of two
projcctors and e ground glass p*ojcction‘gc;egn. The slide projecctor was
used: to prosont tho stimulus paterial on the screen, while tho other pro-
Jector provided a pre- end post-cxposure field of cqual brightness. The
ground gless scrcen was mownted vertically, end hed outside dimensions of
five by five feot. Thc projoctors were located on ono side of tho scrson,
whilc the obgcrver was scatod cn the othor side.

Tho stimuli projected onto the screen wore various mumbers of concen-

- tric rings, appoaring on the scroch as bluck rings on a white background.

The rings varicd in number frcom two to 10, end wero arrangcd so that the
distence betwesn successive rings was elveys cqual to the radius of the
inncrmost ring. Tn othor words, the rings wers spaced cqually fram.the
contor of the sczc‘n to tho outsiée diamoter. Pegazuloss of tho number of
rings presented, the diemotcr of tho outside ring was always the same for é
givon sct of conditions.. Thus.as the number of rings changod, the specing
between: the rings also changed.

A camora shuttor with a solenoid was mountéd on the slige projecctor.

‘Vhonever the experimenter prossed a teJ»graph koy, thc shuttor of the slidé

projector was oponcd, and tho other projector (providlng tho pre-cxposurec
ficld) was cut off.

Measurcmont of idontification time. Whenover the tolograph key which
opencd tho shuticr of the slide projoctor was. pressed, a Standard Bleetric
Clock (Model S-1) wes started. The clock wae stopped by the actich of a
throat microphonc &s soon as the obscrver reported tio number of rings séen.
Thus the clock reading (in hundrodths of a sccond) was & meusure of the.
total time required by tho obscrver to report-the nunber of range ringe.

The circuits used to provide this timing and shutter control have been dos-
cribed in detail proviously (2, 4).

Control of display sizo, Tho diamcter of the display (megsurod -at the
outormost ring) was verisd by chenging the -distence of the projector from
the scruen. Tho visual angle subtonded by the display was variled both by

changing the dismeter of the display and by changing the distanée of the
obacrver from the screcn.

Control of brightnoss. Tho brightnoss of tho display was varied in
coarso steps by placing noutral filters in tho projector. TFinc gredations
of brightness wore obtainod by adjusting the aporturo on tho shutter,
Brightnoss lovels of the scrocn woro meapured with a Universal Photomoter

.
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(Model &), with tho scnsitive elemcnt placed dircctly egainst the front of ]
the display scrocn (i.e., the eids viswod by the observer). Tho only tg
Murination in tho romm was that provided by the two projectors. P T

PROCEDURE

" A'total of five obscrvers, male college students, participated in
. theeo oxporiments, although data wers collectod from only -onc man at a

timz. Aftor ths proper viawl -angle and brightness lecvel were arranged,
_the ,observer was seated on a s..ool with the thrcat microphonc adjusted. and and
chocked. His task was to call out the numbor of rings that was prcscntcd
to him cach time., Approximeiely .cne sccond bc- ore oach ncw cxposure, the
oxp»rimcntvr gavo a vorbel warping signel to tho observer. The obsoxrvers ] ;
were asked to respond as ramcl r ag thoy could, but wero repeatedly ceu- ‘ :
tioncd to:bc cortein that tasir roports were correct. Aftor cach rcport
‘was pade, the expcr.mcnter rucomcd the timo- gcore and reset the cquipment.

i Ai o

‘Rumber of obscrvationa., _In_one c,cporimontal sossion, cach of the
© diffcront mumbore of rinzs wad pxuscnted fivo timc.s, maxing a totzl of
< k5 i scores por subjo&t £or cach condition of visuzl unglc and dbright-
N Tgss. Tho varions muwircrs of 1ings were prosented in rendon orde¥. The
f o expérimenter proscnted the cxposurcs as replaly as. he could in a given
# scasion, with an average timd Of ebout 12 soconds butwoon exposures. After
“the 45 scores were obtained foF onc oxporimuntal coniition, the obsorver
was given a brief rest vhile a ncw sot of conditions vas arranged, No
. _ obsoxwer participated for more than ono howr at a tixze.

RESULTS AND DISCUSSION

Eﬁ.,ct of Visual Ang:-,le on- Spoed of Idvnuiflcatlon

’ Cond.ntions. Table I shows the verious visual angles, display diamcters,

< and vicwing cistences usced to-determine the offcct of sizo on the timo re-
© quirc.d to identify the total number of rings presonted. The visudl angles

erc presented in rownd nwrbers,. but are wollk wlt}.:m tho error of dctermining
the actuel distance of tbe obgorver's cyos from the screen. The viswing
distencés shown (distznce of cbserver from scrcen) also arc not precise,
since no attempt was made to kcop the obscrver's oyes in a rigidly fixed
position. Notice that soverzl of the visual engles were -obtuincd with two
diffcrent errengoments of display dismcter and vi\wmg «distenco., The order
of presentation of the verioua condluonu wis xendom.

For cach of tho conditions shopn in: Table I mcasurcments wert wade at
two difforent brigathoss lovola--0.1 and 2.0 appercnt foot candles., It will
be scen lator, howsver, thet the effect of brightness over this runge is

vory small. Conscquently we have avc“ag d tho cate for ths two \brightncss
lovols, Taus under cach arrangement of visuul angle, 10 idontification times
werc obtained for eech obscrvor for cech total nusbor of rinos.
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Tedblo X

Experimental Conditions Uscd to Doterming Effcct of
Visuzl Angle on Spacd of Identifying Number of Rings

Visue:l Angle B Diamr.:‘::cr of ) P_i_q_ﬁzg_q of
1° 10° 0.5 ' 2l
32 30° 1.0 16.

. 0.5 8

7° : 1.0 8
" 5 b
14° 1.0 ) L
" 0.5 2
280 4.0 . 8
" 1.0 2
53¢ 4.0 &
90° 4,0 2

Releticn botween visual angle snd nuiber -of rings. Figuro 1 shows how
tho tire Tor corrcet idunfbilication incrcuozs as the number of rings is
incroased, when verious visucl ungles aro used. Each of the threo largest
visual angloes was ‘obtuined with two difforent ccembinatidns of displzy size
and vievwing distence, end the curves shown in Fig. 1 aro the avereg-s of
tho two cambineticns,

‘The emdllest changes in identification timo, as the total nuuber of
rings is increcascd, occur with the largeat visusl angle, as shuwn in Fig. 1.
4s. the visual angle becomes smaller, the idontification time pises more
rapiély with en iacrcase in the total number of rings. At the smallost
visuel englc, the obsorvers wore wnable to identify tho greater muber of
rings regardless.of how long they were allowod to look, With this small a
visual anglc, thoy could not discriminate botwecn the lines when thore wore
moro than four. .
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@ “i _ " Fig. 1. Speed of Identifying Different Numbers of Rings .
; ~ ‘ with Various Visual Angles. :
< Each zcgr\ue 1s for a different visual .angle as indicated, and is the average for

two brightness levéls. In addition, each.curve for the three largest visual angles
1s.the average for two display sizes. Thus each plotted point for the three largest
X visual angles Is the average of 100 observations, Forthe smallest visual angle,
¢, each plotted point is the average of 50 observations.




. <
Figure 2 shows. tho seme set of releticns as Fig. 1, but in anothor way.
Hore vho timo for corrsct identification is ploitcd as & function of the
visual anglo with verjous numtors of rings. It cen bc scen’that diffsrences
in visual angle have practically no cffcct at the low myumboers, but have a
very noticeeblo effect at the highor numbers,

T ared ISR N s,

There is en optimum visual angle at about 30 dogrecs, althokgh this
optimun is not veory promounced. An analysis: of veriance shows thet the g
incroeso in identification time for tho two largest visual englcs is sig- -
nificant dbeyond the 0.5 per cent level of confidence. Even with this high
degrec of statistical significance, however, thero ie little practical
significence in the slight rise in identification timo with the larger
visugl -angles. Thus wo cen at loast say thst visuel angleo botwcen about
20 &nd 60 degrees arc about cqually satisfactory for displeys on which
renge rings must bo identifiod.

i

W

Effecét of display diamctor. Four cof the various visuel angles -studicd
were obteined with two differcnt combinations of display diameter and
viewing distance. All visual anzle date presented eo far Lavo boon avorage
valuos for the two differont combinations uscd. -

Table XX

‘Avorege Time (in Seconds) for Identifying Number of
Rings with Differont Visuzl Angles end Displey Diamcters

Theso -data erc the average identificetion times for all numbers of rings
(two to en). The actwil sizos of the displey dismoters cen bc dctormined

from Tadble I,
Visual Angle

S U R L SO i Avorago
Larger 1.761 1.667 1426 1.261 1:529
Diametor - ’
Smaller 2.087 1372 1ok 1373 L 1,582
Diemoter ’
Average 1.92k 1.520 1.460 1317

Teble II shows the ovorall average idontificetion times (the aversge for all
numbers. of ringe) for those four visuel angles, at the larger and the smalicr
diaimeters soparately, Ouitho average, tho.largor diammotor (with the cone-
conitent larger vicwing distance) produces shortor identifilcation timos than -
the emallor diemster., In three out of four cases, this is true, An analysis

of veriancé indicatos that tho overall effoct could have occurred by chance

once in-five times, bub that the specific: differences (including tho ro-

versal) could heve occurred by chance loss than once in a hundrod times.
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K Fig, 2. Speéed of Ideéntifying Numbeér of Rings as a
“ Function of Visual Anzle : %
" All plotted points are averages for two brightness levels. Measures at visual
’) angles of 3.5, 7, 14, and 28 degrees were made with two different a;\splay s!z,es,
) and each point is ‘thus the average of 1C0: .observalions. All. other'plotted points
s - are averages of 50 observations.
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Thus wo can cey that the ovorell zdventege of the largor dianeters is not ‘ 3
aignii‘;cant elthough the adventige i significant in the spocific casos in ‘
which it occurs. There secra. to bo nc gooé rcezacn why the srzllor dizmoter R

16 bottor with o visuud englo of 7 ‘Gugioes, whon thoe lorgor diexotor 18
bottor for ell other visual englos.

Effect of Brightness on Speed of .mentif.tcc.tion l
Conditions., Teble IXI shows thc various brightness levels which wero
— used Yo determino the effect of brightnoss cn tho speed of 1dcntifying total
numbor of rings. In thcsc measurcmontsy, two differont visuzl engics were
used, with tho conditions indicatcd in Teble IIX. Differcnt brightuoss - .

1ovels worc uscd for the two diffcront visual anglos. Tho various candi--
- tions ghewn-vero yun in a rendom order. .

v

-
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Brighuaces Lovels Used to Dotermine Effcct of
Brightness on: Speced of Identifying Number of Rings..

\
e £ g e R

The various brightnosses (in apparent foot csndles) aro indiceted wnder :
ocach of the two differcnt visucl sngles uscd. For thc smallor visual anglo,
.the diepeter of the outcide ring wes 1.0 f%,; for tho larger visuel engle,
“it was 4.0 Tt.. In both cases, tho obscrver was 4 ft. from ‘tho screcn,

) ~ Visual Angle )
‘ 0.05 0.05 ] : b
k30 ' 0.30
10,00 1.00
30.00 3,60
55,00 ” 4,30

Brightrcsy ¢ffects, The offcct of brightness on the -identification
time for numbor of rings 18 shown: 1 Fig, 3. Tho plottcd points there rop~ T
rosent the average identification times for all numbors of rings. The ’
idontification time decrcases with an incroesc in brightncos level whon the .
largor visual anglc is used, end thero is en. optimum brigntncss at 10
apparont foot candles when the emaller visual ongle is uscd. It secms safo

to concludo, thon, that there is an optimum dbrightnoss for this typc of
porception -at about 10 appercnt foot cendlos,

I Ty ST
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Analysis of varianco shows that tho offoct of brightnoss, is. signifi- o
cant for both visual ahgles at lcds than tho 1.0 por cent lovel of confie-
.denco., Once again, howevex, the practical significance of..the brightncss
offect 1s erell., Tho total difforence in identification timo dbetwoen. Yhs
boat end the poorest brightneﬂs levels ie Just over 0.1 sécond.,

o —— ¥

N et e AN e




1~ o

Q) l/.5:\ - . I
w : )
» VISUAL ANGLE *
. - o 14° I
s | o 53°
- 1laf—e - -
X ¢ . — -
o
L
=
. &
a 1
"‘"9' ";3
5
w
£ o
;%, 34 1.2
: (1
b o
W u-
% FER] . . » " ‘
~ ~ 0.0 0:10 1,00 10.0 ~ 100

SCREEN BRIGHTNESS (APPARENT FOOT GANDLES)

Fig. 3. Speed of-Identifying Number of Rlngs as a
Function of Brightness Level’

Each plotted point is the average identification time for all numbers of rings.
(two to ten). The experimental conditions are shown in Table-IIi,

e B 5 s




e

e P U

Total nunbor offect. The effocts of both visual engle and brightness
are .small campered to the offect of toital nuwber of rings. For cexamplo,
wndor best conditions, changing the nurbor of rings from six’ to scven
ihcreasos the identification time by approxiratoly 0.2 second.. This slight
increcase. in total numbor hzs almost twico as much cffoct as a chongs in
brightness of a factor of 100, Likowise, the effect of ch.mgea in visual
engle, except at the very eunll angles, is much loss than the effect of -

-~ changing total number of ringa. The most importent fc.ctor, thon, in this

type. -of porception, is the toial number of rings which must bo idontified. o

While both visual anglo and brights iss have somo effect -on-the speod of

identifying totel number, their cffects are -8mall; ccmparo&‘to tho factor — e

" of number itsclf. . .

- T g - e e

Individual Differences O

-

- ——

Five sudjects werc used in these experiments, and tho di ferencea - -

gt

dbetween their average idontif ication timss are quite. largo-“h_gg Q:];j LT
_conditions uged in thosc experiments together, the five ovcmll*avo*aga
identdfication times for the five obsorvers were: 1.03, 1. 27;-3539; 1.46,
and-1.60- soconds. Thus there is a aifferonce of ovor 50 por cont ‘between
tho longest-end. the shortost sverage times, Onco agein, these -difforencos
arc.largo comparcd to difforcncos produced.by changmg visuel' anglo and
brightnyss. “While no Turthor work was donc in these -experimonts- on-aii‘for-
- -oncés botween individuals, such work might be profiteble., -Sélection of
obsorvors for this type of dlsp..ay situation might be: tho best- way,of
incroasing cf:(’icioncy.

CONCLUSIONS T =

- —

The conclusions drayn from +hcsc oxporinents cen do sumnarizoo. -as _
--followss. - S .

— —— o =

—— -

; 1, —\Thcro is &n optimal display size for idontlfying the total number
of range rings. The offoct of_slzo is not pronounced,—howovor, -exeopt-at
small visual engles. In gonoral, 1t scems best to usc visual angles botween

20 and 60 degrocs, LT -
o 2, The effoct of visual englo is much more severc with large totel
num’bors than with emall total numbers., For cxample, changing the.visual.

. angle from. 28 degrees to approximately 3.5 degrecs inecrcases identification T
time almost by a factor of two whon 10 rings arc used, A similar change in
visual angle for two rirgs increascs identification time lags than 10-per- cent.

- =%, Thoro'is & suggostlon thet, at a constant visual angle, identifi-
cation timo is faster with a largor diameter disploy with-$ho observer farthor

away than with a smeller diamcter displey with the obsorver closor.
N ).
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& 4, Tho optimum scrocn brightnose is approximatcly 10 apparont foot
; candlcs, although tho offect of brightness is smail ovor & wide rengo of :§
" "~ brightnossos.
K 0. < ;
o =5.. Tho offect of incroasing the totol number of rings is much more :
sovors ‘than cny of the effects due to differencos in slze or brighiness, q
oxcept when very small visual angles arc used with large nurbers of TiNngs.
§ _ ~6:. Individual differénces in speecd of idcitification ere largo, end
_ “--se'loct;lon of obaservers for this type of pcrcc;ptu.zl task may bo tho bost
- - .moans. of incroasing efficioncy./ ) - .
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