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ABSTRACT

When two colored samples are to be corppared visually,
the spatial proximity will in ceneral affect the facility of
matching, Considering chromaticity differences and reflectance
differences as serarately anrlicable features of a color
difference, it was nointed out by Judd (1939)° that the
verception of reflectance differcnces is reduced markedly
by srvatial separation while the same is not corsnicucusly
true of chromaticity differences. The proximity effect
is accounted Tor in the Judd formula for color difference

where 1t arvears as a welghting factor for the reflectance

difference term, reducing the imnortance of the perceived

}_l

|Jo

ichtness difference as sample sepsration is Increased.
The functicnal relaticnship between vroximity factor and
sample separation was not known, but a few tentative
values were assisned by Judd. The present study finds

an empirical exmnression for the nroximity factor as a
centinuous functicn of ansular width of dividine line.

A divided visual field is used whose halves are varisble
serarable. Calibrated pairs of colored navers nrovide

the stimuli. ©ach pair differs in itself only slishtly

in the lishtness attribute, with various rairs exhibiting
differcnt decrees of reflectance difference. Chromaticity
differcnces are ahsent, The observer is asked to identify
the darier member of each pair a larse nunber of times for

gach vaolue of divicding line width. The rercentare of errors

“References are indicated by year of publication and listed
in bibliosrarhy at end.
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indicates the difficulty ex»erienced by the observer in
distin~uishin~ the light an? dark halves of the field as
sepnration is voried. A scale relationshiv is then
cstalklished between lichtness differcnces and nercent

errors ror zero separation by basing observsticns on a

series of calibrate! semnle nairs with no line of
dermarcntion., Lichtness differences are exypressed in

HES units uesing Dr, Judd's maximum value of 120 for the
nroximity factor kl' The scale rclationship is extended

to other combinations of reflectance difference and
seraration on the assmimmtion that all such combinsticns
which yileld ecual nmumbers of errors are equally vercertible
and hence correspond to ecual ligntuess differences., On

the basis of the data, thc Judd exvression eouatine lisghtness
d°fTerence to the rrcduct of ky and a functicn of reflectance
difference is solved for numerical values of kl for various
an~ular sernarations. The values of ky are plotted versus
sereration ancd a geomctrical curve 1s fitted Lo the points.
The corresronding analytic exnression yields values of kl

as a continuous furnction of anguler separation. The effect
of rroximity on chromnticity discrimination is also examined,
Wwith nc significent chanre rerorted. All deto are based

on one observer ani specialized conditions of viewing.
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1. IWPTRODUCTICN

The atterint to introduce order into the anparently
cheotic reals ¢f coler sensations involves the selcction
of n rode of renresentation and the ferrmulation of rules

whereby each color sensation is unicuely asscciated with

scme €elerment of the rcrresentoation. The carmt of visible

e

colors lends itself conveniently to mrarhical rerresentation
in three dimensional space by virtue of the three dimcnsional
nature of color. =ach perceilved color can vary indenendently
in thres attributes. A zgiven color mey avvear lichter than

a refercence color while differing from it in no other way,

or it may be of 2 different hue without varying otherwise,

=

or it mey show more or less saturation and yet have the same
hue a»d lishtness.

then, with a =iven color as a refcrence
reint, the antire ranse of visible colors mav be described

by manirulation of these threc attribtntes alone. Conseauently
the wse cof vhysic=1 s7ace as a medium for the aravhical
representation of the color samut sugrests itselfl

immediately.

Less cbvious is the metric to he established for
this rer~rssentation for, aside from its tridimensiocnal
nature there is no characterictic inhercnt in color to
sucrest the ceometrical nrorerties which a color srace
should possess. HNumerous color ~maccs have been devised

since the time of Helrhcltz, all differing in metric. and

the number of color snaces which it is nossible to devise
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is limited only by the ingenuity and ambition of workers

The absence of = single, universally adonted

celor system throuzhout all of science, art, and indusiry

indicates that no one system fulfills all the neceds of
thesze diverse branches of cndcaver. The situation is not
of zreat conseauence however, sincec each color systen

nessesses its owm cheracteristics which render it uscful
for some one phase of color work.

In the problem of snecifying color tolerances,
the dcesirable features of a color smace are homogeneity and
isotropy with regard to visual distances between colors.

g4

That is to say, eculdistant pairs of voints in the color
srnace sheuld rerrescent ecual visual distances between
the ne2irs of colors represented by the points. With a
visually uniform coler scale, color toleranccs would be
convinicntly and anambiguously srecifiaeble. The color of
a aiven =standard would be degsisnated by the coordinates
of a reint in color srace, and the vermissible tolerance
would be smecificd by the masnitude of the concentrif
svherc within which all nermissible departures were to
fall.

Because of the convenience afforded by plane
diarrams over solid fisures in grarvhical resyresentotion
the manifold of colors, with the li~htness dimension

surrtressced, i1s cften represcnted by a chromaticlity

dinrram, Since the terms hue and saturation rcfer to
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sensation as exvericnced subjectively, the physically
measurcble acuantitiecs dominant wavelensth and nurity
are often to be vreferrved in the desimnstion of color.
sach roint in the chromaticity diazram renresents some
combination of dominant wavelengzgth (or comvlementars
wavelen~th for murrle colors) andé purity, thereby
desimnating ty a pair of ccordinntes a complete set of

colors which differ only in lichtness frcm one another.

Q
jas]
-+
—

A third cpecifi ion, li~htness, is necessary, in crder to
sin~le out a rarticulsr color from the set,

Lest the psycholcrical import of the chromaticity
diearam be overloczed by the rea’er, it is pointed out

A
e

ct

TN
9]

e

that such digmrams src conatruected on s of color

ou]

-
Ry

matchinm experiments and

0
]

¢ obviously bound uvw with the
color matching characteristics of the humen eye. The
nescible ceoretrical arrangements of chromaticity diegranms
are nearly as diverse as are those of color srace.

vy senle rosse=sing visual uniformity

;.Jl
o

A chrometic
has not vet heen satisfacteorily achieved, althoush in
the mast two decades nerhaps a dozen noteworthy strides

have been made in this direction (Durnham, 14:5). The

Do
3

3
«
-
L

zeneral wrocedure is to modify the exist

s7stem (Commission Internationale de l'isclairage

H
0
o
=

Judd, 1933) by a transformation of ccordinates, amounting

to a chance of =rimaries, which secks to reduce in the
C.I.u., twofold the distortions which are »rusent in any

marpine of visual distances (iacAdem, 19Ll). The first

successfl color two-fold which was visually uniform
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is iust such a transformation and is due to Judd (1935/.

More c¢ifficenlt of achieverment is a unifornm

color three-space, in which the third dinmension relates

to lichtness. Visually unifcrm color thrce-folds hiave been
devised by Hickerson (1936), Balinkin (1939), Judd (1939,
Adems (191.0), Hunter (1¢L2), and others. It is the color

smasee cdue to Judd with which this researcl: 1s concerned.
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IT, THLORY

he geometry of a color svace ls commletely
decseribed by its metric, which 15 the exrrension for
the sruore cf the distance between two noints in terms
of the coordinntes used. Ior a visually uniform color
srace, the netric should obvionsly be identified with

- 8
Itance

nothe maniiolid. ne XU

=

]

the metric then necciies a fermula for color difference,
It is well Ymown thot the visnnl distance between
a ~iven vralir of cormmles denends uron a multitude of
variebles, both physical and psychelozical. Chief among
these ~re:
1. “he srectral reflectaonce characteristics

e samm les.

=5
ct

o]

2. Yhe spectral enercy distribution of the

illuminant.

3, The illunminance level.

I, The spatial orceximity of the samnles.

5. The aneular subtense of the sammles at the
eye of the observer,

6. The nart of the retina affected.

7. The neture of the background asainst which
the somnles are viewed,

8. The nromerties and state of the visual
mechanism.

9. The duration of exrosure to the eye.
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O0f th:se, the first three are of the most immediate
gicnificance and are the parmeters cenerally taken into

ace~unt in the color difference eaquations extant. ‘the

Pal

ffourth 1s a matter of cance in the evaluation

gome sionifi

;

of lirchtness differcneces, as nointed out by Judd (1939),
and has been incornorated ‘nto & color difference formula
of wide anvlicability. This formula treats a color
difference, (AE), as the sum of two mutually verncendiculsr
vecters in <nclidean snace, one vecter representing a
lichtness difference, (AL), and the other a chrematicity
My frerence, (AC):

(A2 = (ALY + (AC)2 (1)

where chromaticity is a combination of the dominant wavelensth
and purity cttributes of a colored surface under a given
illuminant. The sevaration of a color difference into

a lichtness difference and a chromaticity differcnce is
warranted by the evidence of several psychophysical
exrerimants (Brown and MacAdam, 1939; Hecht, feskin,

and Tatt, 1938) and is a2 mstter of common »rocedure in

n

the treatment of cclor differences. The ps-cholozical
aspects of this mnrocedure are discusse’ at length by
Bouma (1917, »». 31-37).

The chronmaticity difference, AC. is proportional
to the seraration of the given colors on the unifcrm-

).

“he U.C.S. Triansle was derived so as to provide unifornm

U

chromaticity-scale triangle derived by Judd (193

svacins for ecually percerntible differences between colors
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sntness and hence does not take lirsntress

(8]

[N

ci eqnal 1

dif

-
D

rences into account.
At this roint a distinction should bs .'=de betwesn
li~htness, whiech is a psvcholomical rhenomenon, and

lurminous directional reflcetnance, which is psycho~hysical

e

ficant). The

=]
jo
¢
i
<

(rhysica1lw messured, wsycholozica simn

0

£

luminonsz reflecctzance of =2 sannie 1s the ratic of the amount
of l1i~ht reflccted by it to the amount incident uron it
when ceasured by an Instrument whose snectral sensitivity
is adiasted to that of the normal himan eve. It is known
ex-erimentally that under ordinarwy viewins conditions and
with samnles aca’nst a lisht backsround, the psychological
exnerience of lirhtness is correlsted quite well with the
sauarc root of rcllectance. Thus, a szmmle having four
times the reflectence of a riven standard willordinarily
anrear twice as bright.

The addition of a third dinsnsion to the U.CT.S.
Trianele, normal to its nlane an4 accounting for colors
of voryinzg 1idhtness, cormpleted the color solid wnich 1is
partialiy described by #a. (1). To describe the solid
commlctely 1t ig necessary to establish the visusl
relationshivp between a oiven reflecteonce difference and
a civen chromaticity differsnce. That is, a unit of

len~th alcnt the li~htness axis should corresrtend te a

o}

v a unit lencth

!.

vigua-~l

istance enual to that rerresented b
on thc chreomaticity nlane. The adiustment of units is
hased on the averare cstimates of a larese number of observ. rs

as to what gizes of stirmlnus difference yileld enual visunl
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lishtness and chromsticity differonces resrectively.

i

Ime nltiviete basis for this conmerison is of course

rsycholoricnl and has little o-meal for the ohysicist.

-

It 1s 4ifficult to mn a 1ishtness difference which

o)
-2
atd
¢z]
e
0

v

i
cnn nlwave be said to be erval in wmasniitnde to a civen

chromaticity difference, The commarigon has resl meaningm,
however, in terms of sensaticn differocnces exmnerienced by

-

the observer. This is cevidenced by the consistency showm
in the results of larse numbers of cbscrvers in such
exneriments. It was sheowun br Balinkin (1939) that very

rocd agreescnt may be exrmected among obscrvers in estinating
the relstive sizes of cclor differences, ne they nredominantly
lirhtness differcnees or »redeninantly chromaticity

.~

difflerences,
Frovision must be made, then, in the forrmula for
A=, fer weishting the AC and AL terms avprovriately so as

to ensure the proner visuel relnti.nshiv of one to the cther,

Several featurns of this relationshin are noteworthy. The

o]
1o
L
92}
pars
te

s its derendence uvon the aversse reflecinnce of

the samnles beine cowmvarcd., IFor dark samrmles, a niven

senaration on the U.C.3. Trianrle is not as signi
visnally as it is for 1i~ht snormles. The AC term, then, in
addition to beins »rovortional to the semaration on the
U.0.3. Triencle, varies with the reflectance alsc. Dlenoting
a siven lencth on the U.C.3. Yrisnesle by AS, it is assumed
hy Judd that the visuel imrortence of a piven AS varies

with the fourth root of tne reflcctance, which we denote

by A.
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lnus:

The lichtness of 2 gilven sarnrvle is related to the
reflect-nee thronch the smurre root relationshir referrcd

It

to above. Thus:

1
L o« A"

or the visuerl lighiness difference in two semrles varics
gs the dilffecrence of the snuare roots of the reswective
rcirlcecctances:

1
AL o A(A7) (

()
p—

In addition, it is asswied by Judd that the
rercertibility of the lightness comnonent of o given

Jiffercnce is affecte

jo N
N
[N

color egnificantly by the width

of the line or area separetins the samrles and that

seroration has only 2 slicsht effect unon chromaticity

S
0

discrimninaticon.” It is the chenme in lightness discrimination

as e function of seraration which 1s the subject of the

<

nresent rasearch. The width of the dividin:; line will

e

1
therelore chanse the relative immortance of A=AS and
A(A*) in Zq. (1). The vectorinl cormbination of the two
need invclve only one coefficient in order to adjust their

relntive imrortsnce in the formala., This coefficient is

i

called the "wroximity factor”, ky, and with it at cur

disrecsal we rcre able to adjust the rciative significance

“This distinction between the discrimination of chromaticities
and of lightnesses is not generally recosnized in the field
and it is one object of this work to verify Judd's statement.
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e
2

of the reflectance differcnce as dividine line width
varied. It is this factor for which a few tentative
valnes have heon assirne” h dudd and for which a

continuons function is here sou~ht. We write Lg. (3)

then as:

AL = kp4(a%) ()

- ~

wr e T Al D ~ 2. $-aa o am e L P BPRCU.4 -
cving aeilowea Tor acjustrient ol the relsotive

T

(L]

sizes of units of AL and AC we rmist malke rrovisicn for

adiustrrent of nbsclute sizes sc that the units of Au into

which they arce combined will be of such size as Lo bve

useful in -racticol work. This is accomnlished through
L

a secoend coefficlent wnich renders A2AS canable of

adjustment. Hquation (?) is now written:

AC = K 2Af5AS ()

whereunon the cormlete Judd color dilfference formula

beccnes:
1

pe]” = o ata® 17+ [k?A 3]

The ratio of the factors kl and k2 is a fuanction of
the dividines line width, while their swum ecstsblishes the
gsize of the unit of color cdiffererce, The nunmerical
valnes of 120 for kl and 600 for k2 have been aszisned

ifferencs ic lorce

(o7

bv Judd sc that the unit of ccler
enou~h to be rerceived visually and yet smell enouch to
be nezclected in =wost coqinercial transacticns. It is

ecuivolert to one-fourth the chromaticity differcnce

between the comroencents of the sodium D line. The unit
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ia desirnnted the "HUDBS Unit of Color vifference! or as

"iuda® as it will be
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The ratio 120:600 fcr the factors klsz
de e

established for the case of ecclors in cleose rroxinmity,

was

throt is. serrsr~ted by 2 verr narrow or non-existent
dividinm 1ine. As lisntness difference becrmcs less
41

comisvicuous with increased dividing line width. the

numerical value as=irned to klzk cdecrcases to about

2

<

110:600 as found by Judd.
The exact beravior of this ratio as a function
of Aividing line width is not known and, as stated above,

is the object of search in this investicntion. On the

b

:o

sis of msychorhysical date, a relsticonszhip will be determined
between the nroxinity factor, kl, and the antuler subtense

of the dividing line so that coler differences predicted by

the Judd formuls will accord with the aver=ge of visual

estimotes,
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two colcrs under various conditions of separation.

ihe 1 en.” test colors are wmrescnted side by side against
a dark bacltrreund at an avernre viewins distance of six
feet, Unrestricted binoculiar vision is used. At each
observation the darker sample may be ecither on the rieht
or th= left and the observer indicates his decision by
depressing one of a pair of push-button switches at his
disrosal. Vision is interrunted for a period of one
second durines which the observer's rcrort is judced
electrically and recorded as correct or incorrect, and
the »rocednre is then repeated. Since the reflectance
differences for the pairs of paper samrles are liminal,
the obscrver is exrccted to be in error a nert of the time.
After one hundred Fudaments have been made, the number of
errors 1s ncted ana the mrocednre is repented for a new
value of gerar~tion., The varisticn of percent error with
scparation for each semple yeir is the basis on which the
rroximity functicn is deduced.

‘'he rrocednre emnloyed is known by psycholomists
as the method of constant stimulus differences. ‘the
presentaticn of a stimulus differcnce, such as a reflectsnce
difference, under a set cf conditions which modify the
perceived marnitude of that diflerence, such as at varying

serarations, 1s akin to the well known psychometric
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experiment with lifted weirhts., In such an exmeriment a
aroun of weishts, varvins in =2m211 sterc abeout a standard,
is commered one a2t a tine with the stendnrd, the otserver

indileeotin~ whether cach weirmht feels heavicr thsan, equal
to, or li~htcr than the stendard. Intervcretaticn of the
drta le~ds to the differencs limen for lifted weilchts

1034, p. 124). Tn the vresent exneriment the

®
Q
@
2
!
o
9

atecmory 1s excludes and it is other informetion than

n
1

2iference limen which is of in

N

crest.

1Mme method of constent stimulus differences is to
be istineniched from the method of minimel chaonces which
is used freauently in rhctemetric woric with liminal
differences. In this method the set of constan
stimuli is renlaced by o sinrle variable stirmulus which
is adiusted uantil it anrcars to the observer as nst equal

to or inst different from a ziven standar:d.

A, Testinpg Apparatus

The colors to be used in the experiments consisted
of small sounres of colored rapers mounted in nairs on c¢caras
of two by three inch heevw black vaper. The colors of each
polr Giffered escentizlly in lightness, and duarinc the ccourse
of the exreriments various means were developed for prodacing
color ngirs with the desired cheracteristics. It was
escential that the chromaticity differcnce in eny sanple pair
be much less then the reflecetence difference, rercertually,

since the lathter alone was being studied. Reflectance
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w

differences were to be liminal ander the exrerirmental

2

on“itions ermlcyed: reflectance

0

cifferences which could
be identified either wositively or not at n1l under these
conditions would yield no useful informntion in the
experiment,
ihe first method consinsted of selectine pairs of

rade? limsell celor chins which differed onlv in value,
the lmnsell enuivslent of lirshtness. fThe value steps available.
however, corrcspended to suvrra-lininel differcnces. A
second method employec the mixing of nigiuents which
werc thsn sprayed on smooth white paper. It was found
thiat the addition of o small amount of black to a
civen risment in order to darken it sli-ntly resulted
ver: often in n hue chance, and the metho:! yielded few
nceentable samnle meirs, Uniform rectongles of colored

naver were then riasked over nolf of their areas and subjected

ct
5.
FJ.
ct
oy
O
o
c‘-

to a very fine svray of black poster nain

ethod, An altern-te

mrovenent over the mixture me
method was the selection of ssample nrirs from a lar-e

number of rrepared cclorced sample vaners avallable

from »sint manufacturers. Selecticns were nade visuaally

and examined colorinetrically by means of a iunter
Fultipurncse Keflectometer but apain yieldec few scmple

voire which differed n»redomineontly in lichtness. Single
rectensular naint sarrles were then masked and rubbed with
cotten wodding whick had becn charsed with nulverized

penctl grarhite but the results too often were non-uniformity

~

of ithe darkened area and a chanzc in the rloss characteristics.
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vhen extensive psychometric data hed shown no
ar—nrent devncndence of the »roxinity Mmcticn uwon
hue or saturaticn of ssmmnles, the decision was made to
confine the study to achrouastic samnles., tor this nurpose,
uniforrm sommles of any desirecd demrcece of reflcetance
differecnce and no chroanticity difference verc rroduced
bv exrosineg annropristely maslicd shects of nhetograrhic
vapcr to controllced illumination., The develored sheets
were trimned to size snd crlibrated on a Iinter Color and
Ccolor vifference reter and nrovided most of the data uron
which the presert result is besger,

Actual snples prenared by varicus methods are

cshnvm heleow., 'These are o fe; of the seversl hundred aspmle

.

reima wtyich were prenared an” rejected for various reascons
includine hue shift with d-rieninc, non-uniformity of

dorltenine, and too great or too small a lizntness step.

For each series of tests, a sommle mair was
mounted in a 2 x 3 inch frame which was fixed centrally

to the end of a rotor s~ that it could bhe 1ade to rotate

.
2
}

1 1ts owm rlone, A small shaft meunted in ball besrines

comrised the rotor. A sclenoid was so dismosed as to
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nrovide an ancular imnulse to the roter at a rredetermined
time. Ther=after the rotor apun relctively Trecly unisil
comi~m to rest with the frorme oriented randomly in one of two
nosaidble horizontal vositions. The horizontsl ecuilibrium

position of the frame was achleved through the action of

a permanent maanetic Tield on an elliptical seoft iron

nlate nounted svmietricnlls on the r»atar and narnand:
nlate mounted gsymetrically on the reotor ond reondi

oL et o5

A1l am
i b

i

Various separstions for tho halves of the test
field were achieved by a series of black cardboard masks,
each maskt with a ~alr of 1 x 1 cm. avertures. The series
of seven masks provided serarations fror zero cm. tc
2.00 em. TProvisicn was made Tor each mask at a time to
be mounted “irectly in front of the somvwle pair under test,
the dividing strips aligned with the dividing line between

samnles., Juring observation the mask wns drawm up against

]

the samnle »air by solenoildal action but was vpushed outward

.
S
i

Ll

H

3

.
723 smin

]

r

o
[N

vy snring

42 R | I T 9 -
ction whilc the samnle SR

\
o
)

A vair of push-button switches was the only control
a2t the disposz2l of the observer., ILach judgment consisted
of an identification of the darker patch as to "right" or
"eft" by nressing the corresvonding push-button.

The electrical impulse arising from moncntary
derression of either push-button initiated a one second
semuence of events controlled by a timing »nlate. The timing
nlate was driven by a 60 r.p.m. 1/200 hp. Zclechron motor.

The motor was continuously enersized during the testing
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nroceure but rotation of the timing vlate was impeded

5

mechenica?ly 2t the end of each c¢yele when a ~rotubersnce
from its rim strueclr an electrically onerated plun~ser. The
cvele beman with activation of the nluncer which relesscd
the timins nlate and motor.

A schematic circuit disgram is shown as Fis, I

. 20. The observer's nush-button switehes are zho'm ag

Je

a 2.P.D,P, switch., A. Devregss

on of eith r switech activates

&
.

the motor release nlunger. F, which frees the timing plate,
I, allowing 1t to rotate under the action of the nmotor, D.
Immedistely thereafter a vpair of sclenoids, G, is de-activated

allowin~ the cardboard masz to return to its orisinal vosition.

Within one-eizhth of a second an evaluation is made of the
observer's Jjudrment as relay H closes a set of four contacts

Lol

shovm in routing circuit B, A shcert impulse to solencid J
then imparts the rotational motion to thne rotor whiech snins
three or Tour times and comes to rest by the end of the

J

7

timine niate cyele, The obgserver having released switch A,

@
%

the cycle is cencluded when the timing vlate is stono
mechanically and the mask solenoids G are activated. The
tining plate is showm in the rest position in Fig., I,
ivaluation ol tne observer's judemment is performncd
b routinc circuit B which consists of five button contacts
set inte a2 strin of rlastic cheet and wired as shown, Yhe
reoctaneilor nlastic strin is mounted symmetrically and
poervendicularly on the back end of the rotor and, as with

the Tramne on the frent end, comes to rest in one of two

nossible resitions, The rosition showm in ¥im., I corrcsconds
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— A
g

Sw.

Mg, I. Schematic cireuit diagram of arparatus showing

A. Observer control switch F, llotor release

B. Renting circult G. ilask sclencids

3. Invulse counters 1., Indicator reluy
D, Synchronous motor J. Spinner plung;er
Z, Timing plate K. Drerping resistor
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to that rosition of the Trame for which the darier samnle
is on the rirsht. lomentory derression of either rush-

but on, in oddition to eneraizing nluanzer I, results in

£y

an imrulse along one or bhie other of the narallel cirenits

N
av]

to imrulse connters G, Since the four contacts of routing
circuit B are closed almost immedintely, the irmulse is
directe? tc cne cf the two counters according as the
nosition of the ~lastic strin is as showm or reverscd. Ior

each nosition of the striv, or darier samnle, there is the

ncerrect judrment

N

no<aibility of either a2 correct cr an
beins indiecated, denonding upon which of the rush-buttons
is denresczed. It is arrarent that the card bearing the
sormle reoir mast be inserted in a varticular position
relative to the frame in order for correct Jjudoments to
he evnlucted as correct.

The anraratus is enclosed in a cabinet of about
ten inches s uare and six inches hich and weighs about
six nounds. A general view, with samrle malr and nasi
in rosition, is shown in Plate 1. At the side of the

cab t are vnower switch, nilot li~ht, and ouatlets for

j-de
(&)

n:
irmulse comters and »wush-button switches. In Flote 2
the ascembly is shown with the 1id -nd maslk removed. The
mask, with a rectanmulesr section removed from the lower

es of the rectangular

ct

des into slots at the top anc sgiv

}-e

edge, sl
vlate seen just below the sample pair. Plate 3 shows the
imrulse counters an® observer's control box. In practice the

counters ~re not in the observer's view.
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Plate 1. General view of apparatus with sommnle
nair and maslk in rosition.

Tlate 2. Avnparatus with 1id and mask rcuoved.
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Plate 3. Imnulse counters and control box.
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The avnaratus is scen fro~ a different anzle in
"ate It with the somnle mair remcoved. At the rear can be
segen th: timing »nlate n the rest nosition, with
~rciection from the rin restine ~zainst the ~luncer which
immcdes 1t.

the timing —lzote and its threc sliding contacts

are seen in Plate 5. The ocuterrost traclr on the face of

the vlote wns ori~inerlly used to control the timinz »late

o

notor, the contact beins brolen ond the nlate coming to

rest with the contact arm touching the man., A momentary
imrulse from the observer's c-ntrels would then starl the
netor for o new cvele. Oversinocotving of the zap and other

comrlications resulted in the nbandonment of this method

ol nmotor control.

Ul

ble in Plate is the nlestic strip =t

je
0
[}

Also vis

the cnd of the rctor with its Tive interconnected button

1)

contacts, as well as the four contact arms, the rclay
which closes therm, and the strir of foam rubber fixed to
211 four arms in or-er to reduce contzct bounce.

Flate 6 shows a ten view of the rotor and allicd
rorts. the slotted mask sunmort and retractinsg arm, the
rubber-ti-red spinner »luncer which strilics ellher end of
a stud »assing throush the rotor, the short rod magnsts
which alimn the ellintical nlate between them., and a tuflt
of cotton wndiinz armainst the elliptical nlate which danvs
vibration of the rotor as it comes to ecquilibriun,

A side view of the amrapratus is shown in FPlate 7,
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Plate 5. Detniled view of mechenism.

Plate 6. Torward mart of arparatus, tov view.
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W

Plate (. Side view of avnraratus showing
rask in open position.
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with the naskt in the relensed or open position. Illumination
is »nroviced by a racbeth C.I... Illuminant C source,
resembling averase cdaylisht, which is shown in one of

the pesitions which were uscd. Forty-five derrce illumination

and normal viewing were the rule throurshout. The lamp was

3

ositioned at various times for illuminaticns in the ransey

from 10 to 35 foot candles.

b o)

B, Testins Conditions

It was originally intended to base results uvon
a larme number of observers. The results of preliminary
tests made on many observers, including the author,
revenled the lisghtness discrimination characteristics
of the latter to be fairly renresentative, that is, within
the ran~e of observer fluctuation encountered in the tests.
Pince the anraratus was commletely automatic and regquired
no attention durinm any one series of obgervations, it
ves convenient for the author to be the nrincivle observer
and the finnl results are bascd uron his observetions alone.
Observation was made at viewins distances 1in the
ranze from I to 10 feet, most of the present data being
obtained at from 5 teo 7 feet. It is 'mown that discrimination
is lar~ely affected by angular field size, but the variaticn
in the I} to 10 fecot ronesc was not extreme in the case of
the few data used here which were obteined from these limits,

No sisnificant variation is noticed in the 5 to 7 foot ranre,

and the weizhted averaze of 6 feet is used as the basis for
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com~utine an~ulsr dividins line widths.
Various amounts of illuminotion were explored
for comfort of seeinc and acuity of discrimination. It was

1luninations in the rance Trom 10 to 35 foot

'[JO
1o

L I 2 9,
fommdé that
.

candles werce suicable, with most of the obscrvations made at

15 to 20 feot cendles. For very licht or white sample

3

airs,
the corresnonding mean field brishtness would be somewhot
leas than the 25 nl, lower limit found by Lowry (1931) for
maxirum rhotometric sensitivity. ‘Tthe data rerorted here are

4

based on an 1llwminant of snectral cormosition sinilar to
C.I.:x. Illuminant C. To other licht source was used during

testinc,

'
1

Aneular field width at the averame viewins distance

was confiner to the resicn immediatelyv surroundiing the fovea,

where maximum retinal scnsitivity to lwminance differences is

knovm to exist. The maximum senaration of 28 rm. for the

N 2 .. e oo . o

two 1 enm. anertures at the wminimum viewing distance of four

feet corresnonds to a total anoular field width of 2.26 desrees.
A series of scven tinnls was used to nrovide sersrations

of 0, 1, 3, 7, 12, 20, 2nd 23 rm. The reflectance of the

masis for forty-five depree illumination and normal viewing

rneasured .5 on a Hunter Color an? Color Difference lieter.

B

nh the rcsults are based range

<

The eicht sam»le pairs on uwhic
. P 7 RS

in reflectrnce from 335 o 80 as mensured on tThe same
instrument.

de =t

tx
O
L]
("\

m
45}

ach semrle pair, 100 observaticons were m

each of the above separations. The succession of nasks was
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or1 maxirtin to minium

fr

seraration for each series.

altheush randow order wat ccensicnally ewmrloryed when

renctitions of cach serics -rere

set

mrine the course

error curvcs beran to assine

a
the necensity of usinm all seven na

Serarnticns were then confined to O,

with oceagsicrnal checks

of 1C0 observaticns

eurve was craym trrounch the reoints

nsing one or two ¢

a

roin

itneting the numiber of errors versnus

for

of the cxreriments,

Since the eaual caterory was excluded,

of "enual" was relesated tc one or the other of
mish-hittons, resulting in an e~ual 1ivelihocd
or an incorrect score. Since there iz sctually

nos~ibility of ccrrect than incerrect

ocbserver is forced to cuess (Borinag, 1¢35), the
attitude acovted wns that onc sidc of ihe test

certzinly dnrler then thce other, whether visibly

not, and that gueszing would ke Y
score of correct indgsments, As

Tound thiat alter the obccrver had

the liminal stimaluo-~ differcences used,
to envigion a lighitn«os differsnrce, be
e rrecence of imorined lirhinesgs

a matter of fact it w

become accustonecd

t was

i-te

_te

1
v

T wa

PN
li

actual or

mdertslicn as a chech

S
aenaration,
cach gemrle

2how

tire

Torm and

a iudrement

of a correct

Treatver
the
cbserver

field was

r

350 C

rénaved with a higher

a8

to
ot difficult

imarined,

differcnees where none
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was actunlly secn was often verified by tre l=rce number

bR

dnel

OB

1o

ndiv

tJe

of incorrect judsmicnts which werce sceored on

trisls made for thig nurrose. ‘the effect of imscin-~tion

"ty

thereby larrcelwy rediiced the neced Tor s=n =rusl catenory,
altheu~nt this need was not entirely eliminated.

e cbserver was not limited ~s to lencin of
ohservetbion Teor gacr dud-ment., It wee founc that a declision
thin a mixirwm nericd of

conld be resched wi

sceon’z after the field was - resented te the cbvserver at

=h

imit embracines the casss o

Fad

"i'ercences.  Cbscrvotions

te

[

real ., inacined, or zerc secnsaticn di

were thuas mecde ot a feirly constant rnte of 2bout one
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IV, RISULTS

Togts of either a wreotiminary or a Iinnl natuore

1

were mate on rmorc thon sixty sonle roirs, invelving

cver 10C,000 serarate judrments. I'rom the data, about
thirty reason-bly "rood" error curves wers ~vrilable, the
cordition of "rrod" beins fulfilled by those curves
~ich showead s censistent increrse in crrvor with sevnoaration,
f~irlv omsll snreads eoment rercent errors at corresvonding
semarstions, and whesze heirhts and shapes fcll into some

L
cort of le~icnl orier when curves for varions A(A®) were
ex-mined,

Fror these curves cight liave been seclected as

rerresentetive of the ~roup and are nerc desisnated by
the lctters A thronch H. TUsine A equal to unity for 100

X
rcrflcectance, the values of A(A7) for the corresronding

samnlc vairs are civen below:

Fair: A B G D z i 8 H
1

“Y: 0.020 .01 L0164 .016 .019 .020 .03L .ol

In these curves, rercent errcr was first nlotted
versus linear servaraticn in millimeters. Lhe linear

velues were then cenverted to ansular separstion in

decrees on the basis of an avernge six foot viewing
distance., A tyrical set of data, arising from samnle
pair D. is shown in MMig. 2 with crror plotted versus

anmulor gevaration, .
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A better ~ro~hical illustrsticn of tre chance in

]"‘ i tvhals Rkl e k! on"n*‘Lv«'
P S 2 T v e A e ad N Gt

3

notion with € is rerhers gnined by
renlreine the concent of —creeunv orror with the concept

of rmercertibility in percent. This can be done ar roximately
if 1t is nosswicd thet subliminnl stinuligs differcences arc
crninlly 1ikely to result in corrcct and incorrect judmacnts.
A stimulus di“fercnce which is seen x> of
trials will reasult in a2t least x correct judgments. the
remainine (100 - x) observetions will then ne distriwmted
ecuslly, statisticnlly spesling, amone correct and incorrect
judgments,  the nwaber of errors, v, will be #{(100 - x) or,

sol>=in~ for percertibility in terms of error,

or rercertibility in vercent is eaqual to 100, minus twice
the nercent error.

ihe rercertibility thus comruted is not an actusl
measure of the rercuntase of Lrials in which a stirmlus
difference will be correctly perceived. It is known that
when the observer 1s forced to cuess, his answers are more
often richt than wrong and will fall »nroportionately rather
than eaunlly amorg cerrect and inecrrect judements. However,
in the ensuin~ treatment of the data, it will become evideni that
the above iransformstion of error tc vercertibility is
sunerflucus, it havine been verformed as an intermecinte
step for cravhicnl reasons,

The dateo for sammle pair D have been plotted as
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exists between nll stimulus differences which rield
al value~ of rerceptlbility. As anrlied to the
1

dats, 2all ccribinations of A(Ab) and 6 which result in
eminl numbers of errcrs, implyinc emisl merceptibility,
constitute stimulus 4ifferences which are serceriunlly
enual, Thug if the cicht error curvee referred to are

ginerimrosed on a sin~le esrarh and a horizontal line is
drawmn on the sraph at an arbitrary hei~ht, the intersections
of the line with the curves will yield nnirs of veolues
of A(A") and & ~hich corbine to vicld enual lichtness

differences. The next ocuestion is, "What is the magnitude

of the lithtness difference (in judcs) to which these
cormbinations are eaqual?" More generslly speaking, the

problem is 2 correlztion of the perce-tibility scale with

m

senle s

the lirhinesgs differenc

")
]

that the lichtnes
difference correcsronding te any atscissa crossing the

cuarves wil! be known, The onestion misht be stated:

Mhet 1s the ] ol lishtness differcnce in judds which

111 be seen correctly 25 of tie time? 504 of the time?
755 of the time®" etc. 1In the absence of an inderendent
answer tc thesec onestions, data arisin-~ in these experiments
vere relied unon, as well as the asswmmtion that kl = 120
for zero dividing line width was valid under the testing

conditions used., The data were cxomined with snecial attention
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civem to the results obtained with zero scparation. IFrom

the data of 26 sets of 100 trials each, the rercent errors
L

were noted which corresrended to the vericus values of A(A”).
The mercent errors were transfermed to mercent rercentibility
throuzh the relationship ~iven on Tage 32 in order to accord
with the form in which the eirht curves, A throush I, have been
nlotted. It is at this roint that any error duc to the
non-riceorong definition of rercerntibility cancels out, for
1t is ultimately thce values of nercent error geined directly
Prow exreriment theot are relied umon. ‘The values of A(4%)

referred to above were converted to judds by the multiplying

factor 120. 'The thirty-six rairs of corresnonding values

AL ) Fercen- AL 5 Percen-
judds tibility Judds tibility
0.30 0 1.92 82
0.36 . 0 2.2 96
0.6 12 2.39 ol
0.70 10 2.39 78
1.02 7 2.39 83
1.03 343 2.39 82
1.08 Sl 2.3% 98
1.08 6l 2.39 ol
1.08 2 2.39 98
1.10 6l 2.8 o5
1.2h Th 2.60 96
1.48 8l 2.63 ol
1.91 72 3.12 97
1.92 80 3.20 8l,.
1.62 92 3.55 96
1,02 68 le.olb. 100
1.92 72 L.97 100
1.92 76 5.21 100
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n Fi~, 1.

Ol
e

The first 3l value pairs arec nlotte
The variability of the observer is readily noticenble. The

curve which is drawm throush the roints i3 taken as the

tote

eriterion for relatine vercevtibility values to lirhtness

differences in iudds. On the bvasis of this curve, the

nercentibility scale is rerlaced bty the lirshtness difference

“

scale. Usin~ the latter, the curves revnrescntin~ the eicht

A

been nlotted in Fis. .

1 ts

sets of data. A through I, heve
Zach curve indicetes the manner in wnich vnercentibility
fails off with increnssing seraration, and the series of
curves talen together sives some idea of how vercentibility

X
alls off with diminishing A(AR).

=H

Ry

Hach of the curves is assunmed to satisfy

1

AL = klA(A'Z') (1)

where k&, = k,(6). The information relatins AL and @ is

1 1

taen fron Mg, L at seven noints on each curve. The
L

alue of A(A¥) for each corresvonding sample mair is

knowmn fro:: vhotometric measurements and the cicht values
are tabulated on Farc 31. Since AL, 6, and A(A”) are lnown

for each moint, cisght valucs of kl(Q) can be found for each

’

value of @ by sztiefvin~ Lg, (L). It is to be noted that

the intersections of the cisht curves with the vertical

Jueted to accord with the smocth curve

o

[

axis have he

D
D

=N

a

o]

of Fi~, 1. Sclution of in. (I') for @ = 0 will thereforn
Tvinld no Informetion cther than ky = 120,

-—

A tyrical set of emnstions to be satisfied, arising
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10
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807

707

60

IN PERGENT

L0 .

PERGEPTIBILITY

307

207

10+

T T

1 T T ] I
0 0.50 1.00 1.50 2,00 2.50  3.00 3.50 L.00 L.
LIGHTNESS DIFFERENCE IN JUDDS

2

Pig., 1. TFerceptibility vs. lightness difference at zero separation.
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=
<

PERCENT ERRORS

T U PN
o.'zo o.L'Lo 0.60 0.8¢ 0.878
© IN DEGREES

Fig., 2. ©Dxample of a wcll-bchaved set of data, Set D,
Tercentsge errors vs. angular separation @.
Bach point rerresents 100 judgments. Crcsses
show aver~m~es at eacl: value of separ=ztion.
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100

IN PERGENT

PERGEPTIBILITY

—
0.20 0.40 0.60 0.80 0.878
@ IN DEGREES

Fig. 3. Terceptibility vs. separation 6 for Curve D, Fig. 2.
Perceptibility is taken as [100:5 - 2(percent error)].
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IN JUDDS

PERCEIVED LIGHTNESS DIFFERENGE

£ 0.35- T T | !
) o 0.20 040 0.60 080 0878

© IN DEGREES

Fig. 4. Perceptibility vs. angular separation € for eight sample

. Perceptibility is expressed in values of
giégsnlcnt lightness giffcrcnce as found from Mig. 1.
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© IN DEGREES
Fig. ©.

Proximity factor kq(0) vs. anrular separation 0 assuming
k(0" = 120.  Shown for eight curves of Fig. L.

Solid
line indicates numericel average of all curves.
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© IN DEGREES

Fic, 6. IDxperimental (dashed) and theorctical (solid)
curves for ki(2) vs. 8.
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Ppom vuprve A Tor wnich A(AY) = 0.0103, is riven below

~5 well as the v~lues of kl(G) vs., 6§ which result

trerefren:

ky (.0259(.0103) = 0,90 juld k1(.025) = 87
10, (0500 (,0103) = C.80 " <1(.05) = 77.6
i, (L1007 (.0103) = o.70 * i (L17) 2 68
iy (.2007)(,0103) = 0.63 7 ity (.20) = 60
kq (L0C7) (.0103) = 0.53 " kp(.h0) = 515
iy (L5007 (L0103) = 0.hE T 1y (L60) = I
iy (L800°)(.0103) = .37 " 1.3 = 35

The »roximity fmection is cmbodied in the sceccond set of
eauntions above. On the basis of Curves B throuch H,
seven morc sets of proxinity data arce found. Ythe dava
from each curve are rletted and labelled in Miz. 5, the

-

averare of all data being indiceted by the hicavy line.

The averacc data are showm azain in Ii~, 6 as dashed lincs.

[

The srwooth curve is the loecus of the analytic expression:

i3
k;(8) = 30 + =5 (7)

where @ is e¢xnressed in degrees,
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The method of constent stimulus differences cmvloryed

4.3

hiere 1is 2 derarture Tron the more custonary riethod of rninimal

.

g liltewisc used in Investirations of liminal

pde

chanres which

3

visual differences. In the latter case, oneé or more

3}

variable stimili in combination are adjusted by the obsecrver

combination anpears just (or just not) noticeably

O

until the

Teren a are then internreted

ct

di: iven standard. The da

5

fro

ct
o]

accordinem to the usual methods of statistical probability.
While the method of minimnal chonmes 1s adsantable
to investications of anerture colors, which can he made
continuously veriable, the mcthod used here is more suited
to the sztudy of surlace colors, to which tne Judd formula
avplies strictly. The test colors are presented in a
mode of armearnnce similar to that for which the formula
is intended. This mode of anrearance prccludes any
nrovision for continuons vari-otion of the stimulus at
the will of thc observer. Considering the stirmulus
difference rrovided by o given sample pair at a given
senoration, then as the stimulus difTerence decreases to
subliminal valucs with increasing seperation, no provision
is inde for the cbaserver to incrcase the reflectance
difference until the stimulus difference is again noticeable.
Rather, he rmust indicate its relative ma=nitude as is,

in terms of error:s of identifilcation.
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The tendency of test procedurss in recent vears
in the investi~ation of psychonhrysicnl phencmena, has becn
toward a closer armnreach to nctunl conditicns encountered

-

in ~ractice. An ~tuitude shncred by nany investi-ntors is

swwerized by Dimmick (19113) in smes’ring of color vision
tests: " . . npractice usuanlly dermnds that the test

setting bear an obvious relotion to the nractical rroble:n
to whicl: the test results are to be an-lied. ihis Lactor
militates amainst laboratory techinioues =»mé annaratus

that would otherwise malic excellent tests of color visicn.

method adorted here is a compronise

o

The test
etween the mencrality of actual conditions and some of the
arec’~lization fron which laboratery conditions cannot
escape 1f the test conditions are to be at 211 renroducible.
The use of surface colors rather than aperture colors is a
sine aua non in this case, even though the specialized
conditions of I'5 derree illuminetion, ncrrendicular viewins,
and dnrk surronnd nay detrsct from the strictly surface
apnearance cof the semmles, Some restriction of generallty
is introduced by the small field sizes and the limitations
of viewins distance. Actual conditions would allow the

e1r Treedont of examinntion., #owever, the

r’"

oobserver gren
observer's freedom of vision was not otherwise harmered,
as wonlsd be the case with the head or chin surrorts,
monocular vision, or artificial pupils which are often
charzcteristic of evepiece instrwients. ‘The abrunt
presentation and interruntion of the stimuli, reculiar to

this exreriment, intersrersed with onc second waiting periods,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



are certoinly a devintion from actual conditicns, 1t is

nresmed that thece factors, ss well as nrclcenecd fixation,
hi

cenoribnte to the effect of fati~ue tow-rd the end of 2

lon~ sesszion. Successive stirulstion, on the other hoand,

gl

ie 'mown nand was observed here to inerease the accuity of the
observer for the first he1lf hour or so of each session.
The effecctes of frtime and wractice, however, 2re avera—cd
out with the well known observer fluctuztions Zue to
unknowm ceuses (Woodworth, 1933, nn. 39/-5). 'the difference
threshold is & trrmsitory phenomenon, varyinz from rmorient

to moment, and is influenced varicusly by fatisuc, practice,
systemic nnd metabolic conditions., and indeterminate causes,
The rost minmite stimulus difference will scometimes elicit

L el Ja

a resmonse 1L it anted at & moment when the observer

e

s nre

]

nnmens to be favorably disnoscd toward nerceiving it. C
har te be T bly d d ¢ rerceiving it I

iz onl—r throush the averamine of l=arce numbers of data that

the rel-tionshi» between nsyeho~hvsicel stimulus nd sensetion

has env meenin-,

d

2., The Troximity Function

The analytic exmression which Tits the data,

: - 18 ,
.»«:1(9) = 30 + = (7)

is seen to yield values of kl(@) rancine fron 120 to 30.
The upper limit is predetermined by Dr. Judd's maximum

value of 120 for k]and.the present exrerinent does not

21low an inderendent cdetermination of this cquantity.
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t i3 brsed on the r~resent data and

e

The lower 1lin

[
[

thus detormined indernendently. In nractice the volue

ol kl(oo) = 30 has no meaning, but a lower limit of

4

L0 is reached before @ increnses to 2, recs., The

(‘)

e

o

nacnitude of the lower limit accords with Juds's estimale
of ky = 30 or ltO for samrles scparated by » broad ratterned
arecs. 'the ~crecient mny be accidental since there are

aeveral dilfferenccs between the nresent exrerimentsl

conditicns and acturl conditions for which the Judd
forrmila
2 1 2.
[az]? = [gaa)]® ¢ [k,a%as]” (6)

is intended.

The mercertibility of a lichtneas difference is
known to be influenced by background contrast. Uiven a
certein reflcectance 2ifference, any srecification of the
licrtness difference which wili be exrerienced by an
observer must include reference to the lightness of the

backrround., Such refercncce is included in thie Judd

(=]

asswwtion that lightness veries with A%, for it is
stated exnlicitly that the relationshivp is most accurate
for white and li~ht srey backgrounds. As backrround
rcflectonce diminishes, the lightness difference between
a nair of 1li~ht semrles diminishes slso. Lishtnesc
differences for the nresent sommles were commuted on

£ La A¥, An ermirical forrmla miven by

e

the basi
Godlove (1932) mredicts that Tor middle grey bacligrounds

2\%
of 197 reflectance, L varies as (1.L74 - 0.L74A%)%,
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The baclhzcrounds used in the wnrescnt investisstion shoucd
a 1,75 raflactance., Five of the s~mmles on wnich results
arc hased shewasd refloetences exceedin~ 705, fhe cnlealeoted

1i nces differences, a2ssuming a lizht haclimround, mav he

».4
Ll“

assuried to he soaswhat larcer than these sctuells nercsived
arsinst o dark baclzzround.

At lorrc seraratons. lichtness -ercertion is

.
}—
£
[ &2}

influencad by the aniformity of the bhaclkaround as we

its 1lizhitness, A conswicuous vnatterned area beitireen sarmles
will reduce lizhtness differcnces rnore then 2 unilornm

bockeorcund of the soms size, %This conslderation sumcests
o . .
thet the valus of ky(2.6) = 10, as vredicted by 2n. (7)

-Pow ~ 11v\~'\ A b
- e f bAoA

3 hd |- =~ -
Y ackercund, will be scomewhot reduced by

substitution of o patterned nrea oi the same width.
The linmitation of field width to two inchies at
six feet is o derparture Trom the usurl commarison ol

lor~er sam:les at the normal vicwin~ distnnce, Tor which

dnddts formla ia intended.

another limitstion irmpmosed by exmeriment is the

K] [od

1 »
smal? ronce of A(A) which was 2darteble., While Fi-~, 5
L
shows no orderly change in the nroxinity function as A(AY)

increases Trom 0.01 for curve A to 0.0l for curve I,
there is no assurance that the derivative of kl with

Y
recmect to A(AY) will remain zero for much larsc

O

r lichtness
differcneccs.
The data rerorted here as well as all nrevicus

data showed no orderly varistion in Jlirchtness discriminction
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2s n Tunctien of doninant wavelen~th or murits of garrics.

On this »asis., Jg. (7) is eounlls annlicable to sarmrles of

~

C. Chromsticity Discrimination

The crrer curves obhtained in the exrorients
indierte definitely that the »nercention of Li-hitness
difTerences devends unon snatinsl rroximity, wxrloratory
exreriments were conducte:d with samnles differin= slihtly

N
N

in ehroraticity a2lone to determine how chromnticity
dAiscrinination was affected by mroximity. 1The conditicons

of experiment -rere identical to thesc of the li~htness
diseriminntion studies, althournh less data were taken.

Your sarivie mairs were investicatced under varicus conditions
of illuminction ond viewine distance, 2md nine sets of

error dote were obt-ined. Ithree of these sets, which are
rerresentetive, are showm in Fis., 7 where they are nlotted
as nercent crror versus snemlar sennration.  within the
linits of observer fluctuation, no ccnsistent chanre in
chroveticity discriminability as » Duanetion of sernraticn

is indiceted., Commarison of Pie, 7 with Fio, 2, which is
tynical of the lichitrness differcnece curves, shows a striking
dissimilerity between the percertion of lirhtness differences

andé the nercertion of chromotvicity differemces as serarntion

variec,
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In the latter case, 1t was enected that sonme
2hen~e, Towever smell, would be noted (Jucd. 1630). It
is mognible thot the exnceted chance has been obsenred oy
obrerver flucturtion or other conlitions of crrerimant.

4 sintulrr feature of the date for chronnticity

s & tondeney for the rercent crror valuus

=

dieepininntion
to rascn o menk a2t the Tirst non-zcre valune of sevecr-tion
uszed, that of 2 rm. which corrcsnonds te 0,09 derrce
at six feet,

Ii ia te be noted thet any influcnece of seraraticn
on chror aticity diseriminotion would have to he acccounted
Tor by the Trctor k2 of ur, (6) end =ould not affect

n

the beheovior of the rroxim Ly factor for li~htness, 4.
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