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ABSTRACT

This study was an attempt to investigate the
ratio properties of the Muneell chroma notation for color
saturation,

The basic technique is that of the bisection of a
saturation interval, using standard psychophysical procedures
to determine indirectly the mid-point of the internal. The
stimilus materials were Munsell chips of four hues, cover-
ing a chroma range of O to 1k,

The results of the present experiment indicate
that the Munsell chroma scale does not actually reflect per-
ceived saturation ratios. The preecision of the present
technique of scaling, bisection of an interval using the
method of constant stimuli, is comparable to previous studies

and is within the limits of stimulus variability.
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PREFACE

Thie study reports a further step in the invest~
igetion of color saturation and is based in part on pre-
vicus research sarried out by J. T. Sempowski at thils
University.

The author wishes to express his grateful
appretiation to Dr., A, A, Smith who inltially proposed the
study and whose patient guidence was so helpful in its
execution. He i# alz2o indebted to Rev. E. C. PFohy, whose |
suggestions were denificial in orgenizing and clarifying
the text of ths thesis. Finally, he expresses his thanks
to Dorothy Fleming who diligently typed the many drafts
and to the subjeots who gave generously of their time.
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CHAFTER 1
INTRODUCTION

The present day scientist concelves of color in
terms of the dual concepts of radiant energy and subjective
sensation. The Optieal Sooclety of America, (1959, P. 221),
defines color in the following way:

Color consists of the characteristics of

1ight other than spatial and temporsl

inhomogeneities, light beaing that aspect

of radiant energy of which s husan ob-

server is awarse through the usual sensa-

tions which arise from the stimulation

of the retine of the eye.

Thus, color must inelude both ooncepts of radiation and
sensationg it 1is not complete as only one of these.

The concept of radiant energy is most useful to the
physicist in speclifying the nature of coloxr. As in all phy~
sloal events, the peroeption of color can be oconsidered in
terns of the transfer of energy from a source to the eye of
£n observer. This transfer can be described by specifying
(a) the rate of flow of radiant energy, the so-called rad-
iant flux, and (b) the way in which the flux is distributed
throughout the visable spectrum, over all wave lengths to
wvhich receptor cells in the eye are sensitive. From the
physieal point of view, then, color (of an object, or of a
light scurce) can be completely and unequivocally specified

1
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by epecifying the amount and distribution of the radiant
flux passing through a given area in the direction of the
observer,

Psychologically, (L.e., from the point of view of
the observers), these concepts seem to have little to do with
the direct experience. Two quite different distributions of
spectral radisnt flux {(and this is the basic fact on which
systems of color painting, color photography and color tele-
7ision are based) can give rise to equivalent color percep-
tiona, Conversely, identical spectrsl deseription can appear
differently depending on the “appearance mode" (to be dis-
sussed later), the presence or absence of the colors in the
total fleld of view, and the state of adaption of the eye
asychologically. Then it i4s both possible and probable to
describe color in terms of three primary dimensions, or
attributes: hue, saturation and brightness. Hue refers to the
distinction we make between a red, a yellow and a blue; sat-
uration to the distinetion between a2 grey, & pink, and a redj
and brightness to the perceived difference between black,
grey, and white. Certain combination of these attributes
have fairly well recognized characteristicsi for example, &
color appears paler, if it is both lighter and more like a
grey, or deeper, if it 1s both more saturated and darker,

Of the three, hue, saturation, and brightness,
saturation seems to be the most difficult to define adequate-
ly. It has been defined by several authors in slightly
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different ways but usually it 1s considered to be a function
of the content of grey in each sample. One definition is

that saturation is "that attribute of all colors possessing

a hue which determines their degree of difference from a grey
of the same brillsnce”, (Jones and Lowry, 1926, p. 23).
Another definition is that saturation is "the attribute of
any chromatic color which determines the degree of its differ-
ence from the achromatic ¢color most closely resembling it".

~ (Judd, 1940, p. 23).

Saturation can be deseribed in terms of high sat-
uration, medium saturation and low saturatlion. When the
chromatic component of a 1light, which is made up of both chro-
ratic and achromatic light, 1s increased, the saturation of
the color sensation changes with it. (Newhall, Nickerson and
Judd, 1943, p. 544),

Evans (1959), in discussing the Munsell system with
regard to grey content of each color, says that when hue and
luminance are constant, the grey decreases as the gaturation
increases, That is, the grey is gradually displaced by the
chromatic element. Agalin, when the hue and chroma are con-
stant the grey content or value appears to remain the same
in all of the samples. The grey content not only will cause
colors to change in saturation but it will glso act as a chan-
ge in brightness.

Since it is possible to pass in (fine) gradations
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from any one surface color to any other, these colors may be
represented by points in a space dlagram in which the dimen-
sions in cylindricel co~ordinates are brightness, saturation
and nue. Figure 1 shows thege dimensians in oblique pro jec-
tion. Brightness is plotted along the central axis with black
at the bottom and proceeding through the greys to white at the
top. Saturation is represented by perpendicular distance
from the vertical brightness axis and the hues oy the angle
around the axis. Surface colors perceived to be egually bright
¥1ill form a flat disc on one horizontal plane in the ocolor
solid. Colors perceived to be of the same hue will be repre-
sented by a vertical plane intersecting the black-white axis,
Those percelved to be of the same saturation will form a
cirecular cylinder coexial with the line of greys on the black-
white axis, which are of zero saturation or no hue at all,
Another factor which effects the perception eof
color is the mode in whieh the color is perceived, There are
several of these different modes., The illuminant mode is one
in which the color 138 perceived as belonging to a sourece of
light. The illumination mode 18 color which is reflected from
eén object or surface. Color belonging to a surface 1s sald
to be in the surface mode. Color perceived from light pass-

ing through a transparent substance 1s known as the volume
mode. The film mode is obtained when a c¢olored reflecting sure

face 1s seen through an aperature in a screen which reveals
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only a limited area of the surface. (0SA 1943, p. 146),

White

Green

Red

Yellow
Saturation

Brightness

Elack

Fig. 1. Organization of color perception space

The film mode 18 obtained by the use of aperature
because the observer experiences a loss of foecus, The obser-
ver naturally focuses on the plane of the surface containing
the aperature, but the stimulus color is farther away. (O0OSA
1943, p. 147), This mode, although somewhat artifiecial, is
extremely useful since color perception depends solely on
variations in the primary solor dimensions, hue, saturation

and brightness, and not on other factors peculiar to the
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particular surface.

A complete theory of color (not yet advanced)
should include at least (a) the physical aspect, and (b) the
psychological aspect; and since there is no one~to-one
correspondence between these two coneepts (¢) a comprehensive
account of the psycholophysical function or funetions relat-
ing them, The requirements of (a) are met in prineiple by
giving the spectral distributlion of radiant flux; those of
(¢) are partially satisfied by stating the properties of three
¢lementary or primary colors which, when mixed, will yield an
equivalent perception.

The quantification of primary psychological dimen-
sions has been approached by a variety of color notation sys-
tems, that developed by A.H. Hunsell in 1909 being the most
widely used and useful. The Munsell system is in essence a
large collection of standard color chips, carefully palnted
and reliably reproduceable, varyilng aslong the three primary
dimensions of hue, brightness (value, in Munsell terminology)
and saturation (or chroma). Successive samples along any one
of these dimenslons are designed to represent equal "sense
distances”. That is to say, the perceived difference in
brightness between chips of value one and two should equal the
percelved difference between value two and three and so on
cver the whole value scale from zero (black) to ten (white),
Similar statements hold for the differences along the other

dimensions, The original Munsell notatlon was defective in
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2 nunber of aspects. The renotation by Newhall, Nickerson
and Judd in 1943 asppears to have ylelded samples which are
setisfactorily spaced at equal intervals along the three
primary dimensions, and thus prerrits a2 practical and relliable
technique for the measurement of e¢olor.

Before the Munsell renotation can be accepted as
the final enswer to the problem of the psychologlcal speocifi-
cant of color, what is meant by “measurement"” must be consid-~
ered. The question has been discussed in a number of places
and by a number of authore and most comprehensively by Stevens
(1951)., Briefly, at least three kinds of measurement can be
distinquished, Thaere 19, first, the sssignment of numbers to
phenamenﬂor to ettributes of phenomena in such asway that the
order of the numbers represents the order of the phenomena,
yielding ordinal scales of which the Beaufort scale of wind
force and many intelligence scales are representitive, At a
higher level of quentification, numbers can be assigned to
phenomena so thet equal differences between the numbers imply
equal differences between the attributes measured. The stand-
ard Centigrate and Fahrenhelt scales of temperature ere ex-
amplea from physics. The Hunsell scales appear to be equal-
interval scales in psychology. Finally, as the goal to which
the other forms of measurement are often thought of as approx-
imations, 1s the assignment of numbers so that the ratios of
the numbers represent adequately ratios of the attributes.,.

The fundamental physical measurements of length, mass, and
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8
time are of this kind; psychologicsl examples are unfortun-
ately rare but are possibly represented by the sone scale for
loudness, and a few others. In the present instance, the
concern is with the psychological measurement of saturation,
and, in particular, with the question as to whether the equal
interval Munsell Chroma scale represents saturation ratios.

A completeveunoept of color consequently must in-
clude the physical, psychological and psychophysical aspects.
However, for study or practical use in industry, one of the
concepts alone can be helpful and useful in solving particu-
lar probleme. This was the approach used by A. H. Munsell
in 1909 when he developed a color appearance system of color
notation. The system is besed on three co-ordinatea, hue,
chroma and value, corresvonding to hue, saturation and bright-
ness, respectively. This system was renotated in 1943 by the
Optical Soclety of America (0SA), Committee on Colorimetry
(Newhall, Nickerson and Judd, 1943).

It was the original aim of Munsell that the bright-
ness, hus, aﬁd saturation of these ¢olors would be equal
sense distances. Thls was the purpose of the O0SA subcommite
tee when the renctation was done by & particular methed of
ratio scaling.

Although scales have been oreated in other areas,
little hae been done in the past with color saturetion. Mun-
sell (1909), as we have seen, was the first to try to create

a scale which would give psychologlcally equidistant spacing
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to the saturetion of a number of hues. Later in 1925, Lowry
and Jones, created a scale which gave the Jj.n.d. steps in
saturation for several hues.

Purdy (1931, p. 313), did not develop a scale but
did measure intenslities at the lower threshold of saﬁuration
and at the visual limit. He found that at the threshold of
viéibility there 1s no sensation of saturation and at low
intensities the saturation is only partial.

The last major scale wes completed in 1943 by the
0SA subcommittee on the spacing of the Munsell Colors (New-
hall, Nickerson and Judd, 1943), This work is oonsidered to
be closer to the original purpose of A. H. Munsell, which was
.to create a scale of psychological equidistance and practical
usefulness (O3A, p. 225).

Complex procedures of observation and computation,
known for manylyears a8 the psycho~physical methods, are
necessary in the ocnnstruction of scales. Various methods
have been used depending upon the size of the steps in the
scales. The method of paired ocomparisons provides numerieal
frequencies of judgments which are used as a basis for laying
out the relative visual spacing of the samples. The method
of single stimull is useful in creating scales with larger
steps. The observer can distinquish different hues and
whether the color is "saturated" or " desaturated®,

The ratio method has the greatest number of varia-

tions. The relationships of the judged interval to the unit
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10

interval ere mztchzd in the phnysical and psychophyaical
neasurements. These samples provides a basis for adding units
until the scale gives equal visual spacing. Maxwell (1929)
used this uwethod in xezsuring ths saturation of one red hue,
His ohservers, a group of boys,‘put a mark corresponding to
their iwpressions of the stimulus,a mixture of red and white
on a color wheel, on a line 10 cm. long, labeled red at one
end and Ehite st tha other. Tha results were mnore appropri-
ats for the scale mear each end that in the centre.

Nzwhall (1950) orizinated another variation of the
ratio method, His observers adjusted and re-adjusted the
locations of smell space markers in a simple rectangular
co~ordinate system. The ratios in the space set up by the
markers represented the sense-ratiés percelved in the stimulus.
dis results were consistent and ne suggeets that the apparatus
can be checked by using the Kunsell scales as a criterion.

The method of bisection ie another variation used
in developing scales. The oktserver's taslt 1s to estimate a
color, for example, which divides the interval equally
between two terminal colors. A comparizon of these cobserved
visual relations is made with their psychophyslcal specifleoa-
tions and an equispaced scale results.

Harper (1948) in using this method with the eatima~
tion of welghts found a consistent ratio scale. The sublect
chose one of three weilghts as being one~half as heavy as the

standard. Reese (1943) was sucoessful in constructing a ratio
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11

seales for the rate of flickering light. He found swall
variability betwesn subjects in the one<half judgments, and
i the shape of the curves.

it is evident that ratio scales develoned by one-
half judgments are successful, The method of obtelning the
one-half point varies fronm one experimenter to another, how=-
ever. ‘There 13 a possiblility that this factor would influance
the shape of the resulting ocurve for the secale, Varisus
methods of obtaining the one-~half point can be used. The ob=
server can adjust the apparatus himself until he obtains a
Judged half point. The experimenter can take the iore active
part by pressnting the stimruli oy a method of linits. O0Or, the
imethod of constant stimull ean be used as an alternats method.
The results of using these dlverse methods are not known and
no studies have been designed for this purpose.

Sempowskl, working from a definition of saturation
proposed by Smith, (Sempowski 1963, ». 15), 1l.e.,, that
'saturaﬁion 1g 2 funetion of the 2mount of neutral zrey
which must be added to a color so that the wmixture is per~-
ceived &s one-nalf as saturated as the original®, used a
method of limits to obtaln the mid-point for a saturatlion
scele of three Hunsell hues, each of chrome 10. The stimull
were three color wheels, one neutral grey, one of the hue of
chroza 10 and the third a combination of the hue and the

neutral grey. The third stimulus was placed between the
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other and the mixture of grey on it, and the hue could be
varied. The percentage of grey was increased until the
observer reported that it sppeared more like the grey than
the hue. Then, the grey percent was decreased until the
observer reported that it appeared more like the hue. The
mid«point was later calculated from these neasurements.

Sempowski was able to show that the judged one-
helf points he obtained did not correspond to the numerical
one~half points of the renotated Munsell ohroma scale., Only
one of the three hues of chroma ten used was judged to have
a one=half polint of chroma five.

This present study will have the dual purpose of
further investigation of the one~half points of the Munsell
scale of chroma and an attempt to demonstrate the feasiblle
ity and usefulness of the method of constant stimuli in
creating a scale. It may be poassible to develope a ratio
scale of the Munsell chroma which will have different
characteristices than the present one developed by the OSA
in 1943, The method of constant stimull will possibly be
a contribution to the already proven methods of scaling.
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CHAPTER 11
METHOD

Observers

The 0's were volunteers, chosen at random fronm
students enroled in an introductory course in psychology
ut the University of Windsor. There were nine female and
three male students between the ages of 18 snd 21 years. Ko
observer showsd any deficlency in color vision as assessed
by a test on the Bsusch and Lomd Orthorater.

The Basioc Design

The experinent was srranged so that the bisection
points of a number saturation intervels could be found in-
directly by the method of sconstant stimuli, Each saturation
interval was defined by two terminal or anchor stimuli: one
was always a grey (of zero saturation, Ly definition); the
other was of relatively high saturation, as measured by its
Kunsell chroma. Between these anchors was pressented a third
stimulus of interzediate saturation, again as measured by
its Munsell chroma, All three stimull were equated for hue
and brightness in terms of their Munsell hue and value
notations,

0 waz asked to indicate which of the two anchor

13
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14

points the intermediats stimmlus more nearly resembled, For
sach saturation interval, four interzediate stimuli were
used, each differing from one another and from the anchor
stimuli only in saturation. O made ten judgements to each
of the intermediate stimull.

The obteined frequency data were then used to cal~
culats the required Munsell chroma of a stimulus which, if
presented, would be Jjudged half the time more like the
chromatic anshor and half the time more like the grey anchor,
This caloculated half-chroms was taken as the chroma notation
of the stimulus whieh would appear half as saturated as the
stimulus which furnished the chromatic anchor of the satura-
tion interval being bisected. The proceedure was repeated
for a number of saturation intervals, differing with respect
to the hue and saturation of the ohrosatic anchor.

Apparatus

The color stimull used were Hunsell color chips
shosen from the Munsell Color file. Table 1 gives the
¥unsell notations for all of the chips employed, arranged
to show the anchor stiamull and the intermediate stimuli, The
chips were viewed on an apparatus illustrated in Pigure 2
made up of a vertical soreen 20 inches by 20 inches and a
horizontal base 20 inches by 8§ inoches. Both the base and the
soreen weXre palnted with a flat black paint., Each ooloi chip
was held in a separate metal frame with a hendle which dis-
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played one and one-half inch square of the oolor, and was
presented from behind the soreen on the base of the viewlng
vappsratu through a slot in the bottem of the screen.
Illusination was by six 12 wvolt General Electrio
number 57 lauwps, mounted 12 ineches adove the viewing surface
and shielded from the observer®s eyes by & netal hood. The
electrical source was an Xlco direot current supply regulate
ed to a constant voltsge of 12 volta, The testing room was
not entirely dark and Jdark adaption would not take place,
The viewing dlstance for eash subject was about 18 inches.
The subjeot reglstered his choloces by depressing
one of two buttons on either the left or xight side of the

bese of the screen,

Prooedure
The obuervar was pressnted with the neutral grey
color cohip on his left and the 2aturated color on his right.
The centre color was the desaturated ohip upon whioch he
zade & Judgaent. The obwerver was seated in front of the
- apparatus with these sample oolor chips on the apparatus, The
observer was told:

You will be presented with three chips
of color. The one on the left is a
grey which you may consider to de of
gero oolor. The one on the right is
the deepest or richest coloxr, The
one in the cantre will be a mixture of
the two, You are to indicate which of
the two the centra one most resexbles,
it 18 & mixturs of the other two,
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Indicate it by pushing the proper
button.

There were a tétal of ten anchor points of the
saturated chip, three each for the red and yellow and two
each for the blue and green. Theres were four intermediate
stimull for sach of the above, with ten Judgménts to each
intermediate stimulues, for a total of four hundred jJudge-

ments by each .
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CHAPTER III
RESULTS

The primary data from this study are the percent-
ages of times each intermediate color chip was chosen as
\appearing more like the right anchor point, These data
are presanted for eash subject in Tables 2,3,4 and 5. The
data were then plotted on probability paper, the best fit-
ting straight line drawn in by eye, and the one-half point
chroma read from the graph. An example of one plot for one
Q is presented in FPilg., 3. 1t gives the data and the fitted
line obtained iith 5R 5/14 as the right anchor point, The
half-saturated chroma for this interval and this 0 is 6,6,
These half points are given in Tables 6 and 7, Estimates
of the j.n.d. at the half-point were obtained by reading off
the semi-~interquartile range from the probability plots,
These are also presentad in Tables 6 and 7.

Table 8 shows the group averages of the data
presented in Tables 2 to 5. 1t contains the averaged one-
half points for each of the right hand anchors and the aver-
aged J.n.ds for each one-half point, The standard devia~
tions between the sublects for each one-half point are also
presented.

The averazed one~half chroma points from Table 8

19
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presented in graphical form in Fig. 4. In order to compare

these grephs with the previous work done waSompowskl (1963),
the data from that study are also shown.
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Fig. 3, Sample plot of relative frequency of Judg-
ments "more like the chromatiec 2nchor” as a funection
of the intermediate stimulus, with visually estimated
probit line and estimated one~half point and j.n.d.
data for chromatic anchor 5R 5/14 with subjeet SG.
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Table 6

Midepoint Chromas and j.n.ds.® for each O and each
Saturation Interval

- an o D o S G P S W S WP Y WD S G G G G A A A A G S S Sk ash T G AN BN R A s S
o D G G W 4D G G WP W G B WS W G5 W s B P G a5 0 o W gp B

Chromatic Anchor of Interval

5R 5/ 5PB 5/
Observers /14 /12 /10 /12 /10
LM 8.6 6.7 5.8 Bed 840
(0.4) (0.4) (0.3) (0.5) (0.4)

P 7.0 7.0 5.7 6.0 5.7
(0.5) (0.7) (Co4) {(O0.4) (0.4)

MK 5.9 5.5 5.8 5.9 548
(0.3) (0+3) (03) (0.5) (0.5)

GR 5.5 5.5 5.0 6.2 546
v Ded 5.9 S5 5.9 544
{(0.5) ®.3) 10.5) (O.4) (0.5)

ac 849 840 5.7 6.2 6.1
(0+6) (0.6) (0.4) (0.4} (0.4)

3G 87 6.1 4.3 30 5.8
0.7) (0.4) (0.5) (0+5) (0.3)

S 5.0 5.8 3.5 6.3 5.8
(0e3) (Oe4) (Ce3) (0.6) (0.9)

CF 5.4 6.0 546 7.0 6.1
(0.8) (0.3) (O.4) (0e3) (0.4)

BG 6,5 5.3 5.0 6ed 5.0
(0.4) (0.5) {0.3) (0.3) (0.3)

R 5.2 3.0 340 5.7 6.0
{0.3) (0.3) {0e3) (0e8) (0.8)

CH 6.5 5.0 5.0 8.0 5.4
(0.4) (0.8) (0.3) {0.3) (0.4)

D D g = O W G G R P Y AT N T S WS S S A R S S G0 T S W D W U D W N G S S D S W G W Op NP SR G GF TP W B W AR AR AR P OD WS

#
ihe numbers in parentheses are the j.n.ds. as determined
‘by the semi-interquartiie range

R S s L N e N S R SRS IS RS RIS ERESI ISR SIS RIS
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Table 7

Mid-point Chromas and J.n.ds. * for each O and
each saturation Interval

AR TR ARNIC IR ENET ISV NI ARAVERNTRBARIRNCRAAT AL IR CSAS

Chromatic Ahchor of Interval

Y 5/ 2.5 8/
Observers /1% 5/12 /10 /12 /10
n T AT e
36 ok 36 &b 605
MP 6.4 6.1 5.5 6.0 5.7
(0.3) (0.4} (0.3) (0.) (0.5)
MK 4., 5.0 4,8 4,7 h,2
(0.6) (0.5) (0.3) (0.3) (0.3)
GB t? 405 399 307 3‘2
(0.5) (0.5) (04.5) (0.5) (0.4)
MV 8,0 5,0 4,8 ' 5.0 4,0
(0.4) (0.4) (0.%4) (0,5) (0.7)
GC 5.6 5¢ 597 5'7 5'“
(0.5) (o.Z) (0.4) (0.6) (0,6)
SG 5,7 5,0 5,0 3.9 k.0
(0.5) (0.4) (0.4) (0,4) (0.5)
FS . 6 b7 5, bob
(3.3) (g.u) (0.4) (o.z) (0.4)
CF 6. 6.6 5.5 540 4,7
| Z) (0.4) (0.5) (0.4) (o, u)
BG 5.3 5,0 5.0 h.a 4.3
(0.4) (0.4) (0.4) (0.4) (0.3)
RD 5.3 b,7 4,8 3.3 3.0
(0.6) (0.3) (0.3) (0.4) (0.3)
cM 5,8 5.5 5,0 5,0 4,8
(0. h) (0.6) (0.6) (o 9) (0.5)

............. L4 W e o S 200

#*The numbers 1n parenthosis aro the j.n.ds. as determined by the
semi-interquartile range.

WS NBSMN SN NSNS NSNS NSRS AR ISR AR A N A R U5 UL U5 U SR 0 U A S 0N 00 4 0 3N
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FPig. 4., Mean mid-point chroma at each saturation interval
in studies by Sempowski and Fleming
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CHAPTER 1V
DISCUSSION OF RESULTS

| The HMunsell scale of chroms was designed to be an
equal intervai scale. The renotation by the Optical Soclety
of Amerioa in 1643 was cerried out to further refine the
scale. Since the scale hes a meaningful zero point (neutral
grey) it follows from the definitiocn that the Munsell chroma
scale should be a ratio scale, FHowever, Sempowskl (1963),
has presented evidence thet Munsell chroma numbers repre-
sent saturation ratiocs only for the low chromas up to chroma
L or 5. Sempowskl used a bisection procedure, in which the
mid-polint wes found indirectly by a method of limite. The
resulting scale wasg developed only up to chroma 1C for three
hues of intermediste brightness. The present expsriment
attempts to carry Sempowzski's work further, that is, to
extend the ratio scale to the highest chromas avaeilad®le; and
to determine the feaslbllity of an alternate method of in-
direct secaling, using & method of constant stimuli. 1In
addition to this, since Sempowskl used a mathod which yleld~
ed colors in the film mode, and the Munsell chips are common-
ly used in the surface mode, the present experiment was
designed in such a way tha& the c¢colors were viewed in the

surface mode.

30
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The results of the present experiment indicate
that the Munsell chroma scale is not a true ratio scale,
For the hues 5R 5/, 5Y 5/, 2.5G 5/, the judged one-half
points are below the expected numerical one-helf point of
e true ratio scale. For the 5PB 5/, however, the judged
one-half point 18 not significantly different from the
numerical one-half point, Green shows the greatest dis-
crepancy, It would not be possible to create a ratio sc-
ale from the avallable data, but it 4z evident that a
scale derived in this manner would vary, with the differ-
ent colors, from the present Munsell scale. The one~hslf
points obtalned in this study compare with those obtained
by Sempowskl (1963), In both studies the one-half points
for the red and yellow hues were lower than the numerical
one~half points; those of the blue were slightly higher.
The resulting data, when plotted, show curves which are
similar except for a break where the two sets of curves
join (Fig. 4).

The precision of the present data is comparable
to studles done in the past. The Jjust noticeable differ-
ences of saturastion obtained from these data compare favoure
ably with the tolerancez set by the Munsell Coloxr Company
for the reproduction of the color chips (Judd and Wyszecki
1963, p. 306). The a#erage J.n.d., of 0.4 chroma obtained in

this study 18 as accurate as the tolerances of 0.4 to 0.6
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chroma set for the reproduction of the color chips. The
inter-observer variability of the present atudy (S.D.of

2) is small and compares with the results obtained by
Sempowskl (1963), (S.D. of 2.5). This also meets Garner's
(1959, p. 1007), chief objeotion to the usual ratio
methods, when he writes "the inter-observer differences
provide the largest single source of varliability in the
data¥,

One possible source of errcr in the present
study can be attributed to the fact that the Munsell ocolor
chips could only obtained in 2-chroma steps. These steps
were large, compared with the j.n.d., and hence, only three
intermediate stimuli gave frequency data suitable for fit-
ting the probit lines (zero and 100 percent frequency =are,
of course, unusable). This data loss undoubtably intro-
duced some error in estimating the one-half points. 1In
addition to this the Munsell color chips were developed
under conditions of illuminant "C" and using a white or
grey surround which were not used in this experiment,

Some suggestions for further study are evident
from the present findings. This study and that of Sempow-
skl (1963) incorporate two psychophysical methods and two
modes of color presentations; i.e., Sempowskl used the
method of limits with the film mode, and the present study

used the method of constant stimull with the surface mode.
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Further studies could be done using the remsining combina-
tions, that 1s, the method of limits with the surface mode
and the method of constant stimull with the film mode.
This would yleld four sets of data for comparison.

Although Jones and Lowry (1926) did a study to
determine the j.n.d. steps of saturation, whioh were
achieved by varying the colorimetric purity, this could be
done again in terms of the Munsell color chips. The writer
has not been able to discover work done to compare the
Munsell scale with a j.n.d. scale in saturation.

The Munsell color chips, as used in this study,
have a small error in hue, value and chroms. This error
could be partially eliminated by using only two color
discs, on a color mixing wheel, in which each color repre-
sented each anchor point, that is, one neutral grey and the
other, the saturated hue. These anchors could be viewed,
along with the mixture, by means of a stroboscoplec light
source,

A further suggestion would be to repeat the pre-
sent study, presenting the stimulil for a controlled time,
using a tachlstoscope. This control of exposure time
could be expected to reduce the variasbility of the Judg~
mentg, both from trial to trial and between 0 s.
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CHAPTER V
SUMMARY

The purpose of this study was to investigate
the ratio properties of the Munsell chroma notation for
color saturation. Sempowski (1963), using a newly develop-
ed indirect bisection technigue, has presented evidence
that the Munsell numbers do not generally represent per-
celved saturation ratios. Sempowskl employed a version of
the classical method of limits in his scaling procedure and
worked with Munsell chroma only as high as 10. The present
study employs, the method of constant stimull and uses
chromas up to 1l4.

The basic technique is that of the bisection of
a saturation interval, using standard psychological pro=-
cedures to determine indirectly the mid-point of the inter-
val, The mid-point of the intervals from grey to chromas
14, 12, and 10 were obtained for the Munsell hues, red,
yellow, green and purple~blue.

The results showed a difference in judged one~
half points as compared with the expected numerical one-
half pointe for the red, yellow and green. Those of the
purple-blue were very close to the expected numerical one~

half point. The method of constent stimull proved to be

34
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a satisfactory method for obtalning the one-half point,

The results were found to be in keeping with re-
lated work done in the past, The resulting scale of sate
uration was similar to that of Sempowski (1963). The J.n.d.
of saturation ls comparable to that used by the Munsell
Color Company for control of the reproduction of the color
chips.

Certain further experimentation seems to be in-
dicated from these results. Differences in resulting scales
could be investigated by a methodological study in which the
bisection of the interval was done by the method of limits
and by the method of constant stimull with various modes of
presentation of the colors. A J.n.d. seale could be con-
structed using the Munsell color chips. Error could be
elininated by using the grey asnd red, for example, on a color
wheel with a stroboscoplic light source for mixing the colors.
Some of the variabllity between subjects could be eliminated
by controlled time of presentation of the stimull using a
tachistoscope.
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