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Abstract: In this article, we discuss the effect of anchoring
on the estimation of chromatic variables, which occurs
when fixed range scales are used in psychophysical mea-
suring. In order to do this, we compare the Munsell System
and the Natural Color System (NCS), and an alternative
system that employs a scale of grays as a yardstick against
which to measure value and saturation. During experimen-
tation, observers evaluated 60 matte surface color samples,
following the methodology proposed by each system, but
without using their respective color atlases. The data ob-
tained reveal results that are compatible with the measure-
ments based on the Munsell System and the NCS. By ap-
plying the gray-scale method, the value measurements
improved, whereas the saturation measurements were over-
estimated in samples with low reflectance. In all the cases,
hue shifts were observed and thought to be attributable to
the variation in luminance revealed by the samples. Judging
by the similarity of the results obtained, it can be assumed
that when fixed range scales are used, measurements will be
anchored to their extremes, equaling every measurement
made with them. © 2003 Wiley Periodicals, Inc. Col Res Appl, 28,

103–112, 2003; Published online in Wiley InterScience (www.interscience.

wiley.com). DOI 10.1002/col.10130
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INTRODUCTION

It is well known that the color order systems are based on
three variables: hue, value, and chroma for the Munsell
system; hue, blackness, and chromaticness for the Natural
Color System (NCS); and some other three variables for
other systems (e.g., hue, lightness, and saturation). We have
analyzed both saturation and lightness in other papers,1,2,3

using partition scales, matching, or magnitude estimation.
These studies allowed us to confirm an earlier conclusion
made by Stevens and Guirao,4 and updated by Guirao5:

Only when the experimenter takes pains to choose
procedures of sufficient inherent precision do the par-
tition and the magnitude estimation scales become
almost linearly related.4

If such care is not taken, particularly when working with
fixed range scales, an anchoring may be observed in the
curvature that appears toward both extremes of the function,5

as shown in Fig. 1. This effect is likely to be strengthened by
others related to concepts already acquired by the observer, for
example, on black and white, or saturated or unsaturated color.6

The subject of anchoring is not new. Stevens7 proposed a
scale of decibels (dB) to measure the estimation of lumi-
nance by referring 1cd/m2 to 64.97 dB. Likewise for satu-
ration, Indow and Stevens8 proposed a scale of crome,
taking a red saturation function of exponent 1.7 at 70 dB (1
mililambert) as reference, and where 100% purity was
equivalent to 100 cromes. This saturation scale was later
applied by Mattiello and Guirao2 to surface colors in an
attempt to anchor the saturation estimations.
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Unlike what occurs with the dB in hearing,9 these scales
could not be used in the area of vision, doubtlessly due to
the characteristics of the visual system that can both subtract
the illuminant10–12 and maintain color constancy.13,14 This
fact prevents the application of scales to chromatic continua,
or at least makes it difficult.

Others have studied anchoring by relating it to different
circumstances.15,16 These range from the well-known dem-
onstration of the effect of an intense stimulus over a weak
one,17–19 or the influence of a state of elation over different
perceptive estimations,20 to the effect of the variations of a
stimulus, or even the questions posed by the researcher, on
the judgment of observers.21 The variety of viewpoints
expressed in these articles again reveals the difficulty of
anchoring perceptive measurements.

It can be observed that the Munsell and NCS color order
models, both of which use fixed range scales, anchor the
measurements made with them to the extremes of their respec-
tive scales. In fact, the NCS scales of blackness and chromat-
icness range from 0 to 100; the value scale of the Munsell
system ranges from 0 to 10, and the chroma scale, although
fixed at the 0 extreme and open toward the chromas 8, 10, 12,
or even 14, in practice covers an average range of 10 steps.a In
both systems, these scales are divided into 10 equal steps and,

in our opinion, this similarity in range makes both systems
alike, as we endeavor to demonstrate.

Considering that the NCS claims that its scales answer to
the internal intuitive measurement made by the observer,
and that, as a result, the color atlas would not be needed in
order to make a color evaluation, our purpose in this article
is to verify whether this assertion also holds true for the
Munsell system. In other words, it is our intention to prove
how the adoption of a fixed range scale resembles the
responses of the observers. As proof of this assertion, we
include an additional experiment in which a scale of grays
fixed between 0 and 100 was used to measure the prothetic
variables of color. We had already used the gray-scale
method in a previous study,22 and it also appears in articles
on measuring differences in color.23,24

Finally, it is important to highlight the practical interest of
our study. Because the systems under discussion are used by
designers to specify colors that may not be directly related
to the samples in the atlas, since, as we know, a group of
1,000 colors allows for the specification of 100,000 colors,25

it might be worth demonstrating how accurate a color no-
tation is by visual interpolation in color order systems,
especially if a color atlas is not available. As Döring25

pointed out,

The costs for the production of a colour atlas depend
greatly on the colorimetric precision of the colour
samples. Possibly, there is no further increase in the
precision of colour notation by visual interpolation
when the colorimetric precision of the colour samples
exceeds a definite quantity, and so the colorimetric
precision of the samples of a colour atlas need not
exceed this definite quantity.

METHOD

Materials

Sixty color samples with a surface area of 4 � 4 cm
distributed at random in the color space were used. We
decided not to extract or copy these samples from the
Munsell or NCS atlases, in order to make it possible to
simulate what really takes place when a color is interpolated
among the samples of an atlas.23 The samples were specified
in terms of 1931 CIE chromaticity coordinates (x,y) and
luminous reflectance (Yo), with the use of an illuminant C.
These measurements were used as a reference when com-
paring results (asterisks, in Fig. 8). The samples were pre-
sented to the observers on a gray background of 20 � 20
cm, with 22% reflectance, under natural light between 400
and 450 lux.

Observers

A total of 240 observers participated in the experiment.
They were university students of both sexes between ages
18 and 21. The Ishihara plates test and the Farnsworth
dichotomous tests for color blindness (Panel D-15) were

a These observations are based on the 1976 edition of the Munsell atlas,
matte finish, which is the edition that we have employed.

FIG. 1. Lightness of gray surfaces. Magnitude estimates (cir-
cles) give an essentially straight line with some curvature at
low levels of reflectance. The limited scale 1.5–80 (Xs) was
derived from the averages of the estimates for the two
extreme points of the free scale. The resulting function is
concave downward. Reproduced from Guirao,5 with permis-
sion.
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FIG. 2. Natural Color System. Deviations of hue and chromaticness between visual matching with the atlas (circle, square,
or ring) and simple visual estimations without atlas (arrowhead). Blackness is divided in three ranges: circle 0–25, square
26–34, ring 35–100.



used to evaluate the correct chromatic vision of the observ-
ers. At the time of the experiment, the observers were
unaware of the color order systems and had not participated
in similar psychophysical tests. Each observer evaluated
only 30 samples, which were estimated under the specified
conditions and following the prescriptions of just one of the
chosen systems. This was a precaution against tiredness and
recurrence in judgments, because human observers are sen-
sitive to changes that may occur during a session.26,27

Procedure

First, we explained to the observers the order systems that
they were to use. This took a total of 30 min and included
a description of the characteristic chromatic variables and
notation of each system. The only opportunity the observers
had to see the color atlases was during this explanation.
Then, with the aid of black-and-white plates describing the
order of the systems, the observers set to work evaluating
chromatic parameters of the samples. Regarding notation,
they were told that they could use either the numbers
indicated on the plates or intermediate numbers, but they
could not modify the numbers at the extremes of each
scale.b

Following this, a final experiment was conducted that
consisted of evaluating the variables of lightness and satu-
ration, taking as a reference a 10-step scale of grays num-
bered from 0 to 100 to estimate lightness, and from 100 to
0 to estimate saturation. Obviously, the measurement of
lightness was direct. However, the use of the scale of grays
as a saturation scale implied the knowledge that the addition
of black to the base would saturate the white of the paper,
to such an extent that it would become black when reaching
saturation 100. It should be noted that the numbering of the
scales was inverted so as to avoid confusing the observers.
To assist the observers, each was given a scale of grays
similar to that of the Munsell system. For this experimental

session, the ordering of hues of the NCS was adopted, while
the scale of saturation was also equivalent to the NCS scale
of chromaticness.

Finally, in different experimental sessions and under
identical light sources, 10 expert observers related the 60
samples to the colors of the Munsell atlas and the NCS atlas,
using a matching technique and placing the samples side by
side under a gray mask with two identical windows com-
patible with the size of the samples. These measurements
were used as a reference (marked with circles in Figs. 3, 5,
7, with rings in Fig. 8; and with circles, squares, or rings in
Figs. 2, 4, 6).

All the data obtained during the different experimental
sessions were processed with the use of a basic statistical
method that helped to obtain the averages and standard
deviation for each sample and system.

RESULTS

First Experimental Session

The first experimental session corresponded to the
estimation of color in accordance with the NCS system.
The data are shown in Fig. 2, where the deviations of hue
and chromaticness can be observed within three ranges of
blackness: 0 –25, 26 –34, and 35–100. For the range of
blackness 0 –25 (circles), the biggest deviation can be
observed in sector green-yellow (G-Y), with a shift of
hue toward yellow, possibly due to the incidence of low
blackness. There are no special observations for the range
of blackness 26 –34 (squares), but for the range 35–100
(rings), the greater blackness has a bearing on the in-
crease of the estimated saturation of color28 in the blue-
green-yellow (B-G-Y) sector. Figure 3 represents the
deviations of blackness and hue, excepting chromatic-
ness. An overestimation of blackness that produces a
slight shift in the estimation of hue can be observed in
quadrant yellow-red (Y-R). This effect is heightened in
sector red-blue (R-B), where a shift toward blue can be
observed. From the middle of sector B-G to yellow, there
is no overestimation of blackness, though there is a

b With regard to the Munsell scales of chroma, the observers were given
the maximum ranges for each hue, according to the 1976 edition of the
Munsell atlas.

FIG. 3. Natural Color System. Deviations of blackness and hue between visual matching with the atlas (circle) and simple
visual estimations without atlas (arrowhead).
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bigger shift of the estimations toward green in samples of
medium blackness. In the samples of low blackness, we
can observe, once again, a deviation toward yellow, as
seen in Fig. 2.

Making a comparison of the results of the estimations

without atlas with the ones made by the expert observers
(with the atlas), we determined that the average of the
estimation errors for all the samples is 6.07% for hue,
10.42% for blackness, and 9.74% for chromaticness. These
values refer to the total range of each scale.

FIG. 4. Munsell system. Deviations of hue and chroma between visual matching with the atlas (circle, square, or ring) and
simple visual estimations without atlas (arrowhead). Value is divided in three ranges: circle 0–5, square 5–5.25, ring 5.25–10.
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Second Experimental Session

The second experimental session was based on the esti-
mation of color in accordance with the Munsell system. The
data are shown in Fig. 4. The different symbols (circles,
squares, rings) correspond to specific ranges of value: from
0 to 5, 5 to 5.25, and 5.25 to 10. The estimations between
values 0 and 5 (circles) show a shift of hue in all samples
toward color 5BG. They also reveal an increase or decrease
of chroma accompanying this shift. The same can be said
for the range of values between 5 and 5.25 (squares). The
arrows starting from rings (values 5.25–10) show a desatu-
ration of the estimated color, possibly due, once again, to
the influence of the high lightness present in the samples.

Figure 5 represents the deviation of the estimations of
value and hue, excepting chroma. If compared with Fig. 3,
lesser variations in the estimation of value can be observed.
This is probably due to the fact that the concept of value is
more deeply rooted in the observers than the concept of
blackness. As a counterweight, shifts in the estimation of
hue toward the color 5BG can be observed once again in
Fig. 5.

Making a comparison of the results of the estimations
without atlas with the ones made by the expert observers
(with the atlas), we determined that the average of the
estimation errors for all the samples is 8.99% for hue, 5.02%
for value, and 15.9% for chroma. These values refer, again,
to the total range of each scale.

Third Experimental Session

The third experimental session was based on the estima-
tion of samples with the aid of a scale of grays. The data, in
which shifts of hue and saturation are recorded, are sum-
marized in Fig. 6. From a general observation of the sam-
ples, it can be concluded that dark colors are overestimated
in saturation and present slight shifts of hue. Light colors,
on the other hand, are estimated with less saturation and
shifts of hue toward yellow. Figure 7 represents the varia-
tion of hue and lightness without considering saturation.
Shifts of lightness are not apparent in this case, because the
observers were directly comparing lightness with the scale

of grays. In the area between blue and yellow on this scale,
a greater deviation of the estimated hue toward yellow-
green can be observed.

Comparing the results of the estimations without atlas
with the ones made by the expert observers, we determined
that the average of the estimation errors for all the samples
is 6.2% for hue, 4.16% for lightness, and 15.9% for satu-
ration. These values refer, once again, to the total range of
each scale.

Hue Shifts

Summing up, the shifts of hue observed in this study, as
well as in many others,29–34 can be attributed to changes in
the luminance of the samples, made apparent by the
Bezold–Brücke effect.

We would like to point out that these shifts of hue can
also be observed in the production of surface colors, due
either to the direct mixture of pigments or to an appropriate
mixing of the sections of rotating discs. In fact, the addition
of black or white to the samples in the area between yellow
and yellow-orange can produce shifts to either side of the
chromatic scale. It is no surprise that Melgosa et al.32 should
have observed a greater dispersion in the judgment of their
observers in that area, the area of transition between red and
green, which is not always easy to define.35

Indow26,29 appropriately points out the importance of
analyzing what sort of relationship exists between the ob-
served variations in perceptive judgments with cognitive
processes, and especially the hue shifts with the so-called
cardinal directions of color space36 that have been used to
explore the characteristics of postreceptoral chromatic
mechanisms.

Comparison of the Results in the CIE System

Figures 2 to 7 could not be compared, because their data
were represented in the different systems that were analyzed.
Therefore, all the measurements made were converted to the
chromaticity coordinates of the 1931 CIE system, to which the
NCS37 and the Munsell system38 refer. For the sake of clarity

FIG. 5. Munsell system. Deviations of value and hue between visual matching with the atlas (circle) and simple visual
estimations without atlas (arrowhead).
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FIG. 6. Estimation of samples with the aid of a scale of grays. Deviations of hue and saturation between visual matching with
the atlas (circle, square, or ring) and simple visual estimations without atlas (arrowhead). Lightness is divided in three ranges:
circle 0–45, square 45–55, ring 55–100.



of representation in Fig. 8, this conversion was made for 17
samples only, which were chosen because they cover the
totality of the analyzed color spectrum without superposition.
They have been grouped by levels of Munsell value, as can be
seen. The average of the estimations of each sample and its
spectrophotometric measurement are related by curved lines
that join their extremes. The number inside these lines indi-
cates the sample analyzed.

As expected, Fig. 8 reveals that in 82% of the estimations,
the visual comparison of the experts with the color atlas is
closer to the spectrophotometric measurement than the vi-
sual estimation made by the observers without the use of the
atlas. Only in samples 19, 45, and 51 did some of the visual
estimations score closer to the spectrophotometric measure-
ment than the measurement made by the experts using the
atlas. A possible explanation for this observation is that
these colors are of low saturation and indefinite hue, and are
not included in the atlases. Consequently, the expert observ-
ers had to make interpolations between close samples, but
they were no more exact than the simple visual estimations
made by observers without the atlas.

In 59% of the cases, the visual estimations made using the
Munsell variables are closer to the spectrophotometric mea-
surement than those using the other two systems. In seven
cases (samples 4, 7, 35, 39, 47, 56, 59), the estimation with
the scale of grays was more accurate than with the other two
systems. In none of the 17 cases did the estimations made by
using the NCS variables produce more accurate estimations
than with the other two methods. This was not so for sample
7, which was better estimated when applying the Munsell
variables, but without exceeding the estimation made with
the help of the scale of grays.

The average of the deviations in the chromaticity diagram
with regard to the colorimetric measurement was 0.03 for the
experts in all 17 samples. For those visual estimations made by
using the variables of the Munsell system, the gray-scale
method, and the NCS variables, but without the use of an atlas,
the deviations observed were 0.05, 0.07, and 0.08, respectively.
It is plain to see that the Munsell system performed better than
the others. However, if we compare Figs. 3 and 5, which
correspond to the NCS and the Munsell system, respectively,

and considering the hue alone, we find that those judgments
based on the variables of the NCS are more accurate.

Nevertheless, if we compare the estimations made ac-
cording to the Munsell system and the NCS, the differences
observed are less when medium saturation colors are esti-
mated (samples 7, 20, 39, and 45) than when the colors are
highly saturated. This observation is consistent with the
assertion that Munsell’s chroma and the NCS chromatic-
ness39 are not identical. If to this we add those differences
observed between the blackness of the NCS and the Munsell
value, the assertion that the NCS differs markedly from the
Munsell system can once again be corroborated. Therefore,
for various authors,39,40 this is the closest to the Optical
Society of America uniform color scale (OSA-UCS) sys-
tem,41 including the Deutschen Institut für Normung (DIN)
system in this comparison.42 Finally, Fig. 8 also shows that
the greater dispersions are found in samples of low value
(between 4 and 4.75) due to their lesser colorfulness.

DISCUSSION

Although the CIE diagram does not reflect the perception of
color, the differences in judgment are useful for comparing
our own results with those of Döring,25 who analyzed the
error made when visually interpolating colors within the
DIN system, in its matte and glossy versions, and the NCS.
It is important to note that the distances stated by this author
are not always lower than those obtained here, which allows
us to state that the error resulting from the interpolation of
samples in an atlas is very similar to the error made when
assigning color notations without using an atlas.

Concerning the chromatic perception, and recalling the
estimation errors for each system in comparison with the
expert observers, we can see that the best estimations are
obtained with Munsell value (5% of error), and with NCS hue
and chromaticness (6.5% and 9.7% of error, respectively). It
would seem then that a more “natural” color order system
should organize the variable of hue in chromatic oponency,
combined with a scale of value or lightness from 0 (absolute
black) to 100 (ideal white), and a scale of chromaticness or

FIG. 7. Estimation of samples with the aid of a scale of grays. Deviations of lightness and hue between visual matching with
the atlas (circle) and simple visual estimations without atlas (arrowhead).
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FIG. 8. Comparison of the results in the CIE system 1931. Spectrophotometric measurements (asterisks), visual matching
with the atlas (ring), visual estimations with the Munsell system (pentagon), visual estimations with the NCS (square), and
evaluation with the scale of grays (triangle). The number beside the curved boundaries indicates the sample analyzed.
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saturation from 0 (achromatic colors) to 100 (spectral col-
ors).

The previous results make us remember the considerations
made by Kuehni43 about the evolution of the visual system.
This author points out that the first evolutionary stage allowed
for the perception of lightness. Only in later stages do the color
sensation and the mechanism of chromatic oponency appear,
allowing for the discrimination of hue. Saturation, a magnitude
related to chromatic oponency through the concept of va-
lence,44 seems the most difficult magnitude to estimate, in spite
of its quantitative characteristic.

CONCLUSIONS

It is possible to estimate surface colors visually by following
the outlines given by the Munsell order system or the NCS,
without the support of their respective atlases. The fact that this
task does not produce significant deviations is a probable result
of the observers’ use of fixed range scales, which despite
having a broad range of scale also have fixed extremes.

In other words, whether an atlas is used or not is inde-
pendent of the systems, as Döring shows,25 because the
differences observed are related more to the instructions
given to the observers.

If fixed range scales are used, the best estimations will be
made within the medium range, because when approaching
the extremes of the scale, observers tend to compress the
scale so as not to exceed its limits, as shown in Fig. 1. It
should be noted that the greater differences of estimation
observed correspond to high saturations and low values, a
fact that exactly indicates the “accommodation” of the es-
timations to the extremes of the scale.

Nevertheless, we cannot overlook the fact that the dis-
tances obtained in Fig. 8 are much greater than those that
could be tolerated in industrial applications, but they may
certainly be acceptable in other areas, such as architecture or
design in general.

1. Mattiello MLF, Guirao M. Direct estimation of lightness of surface
colors. J Opt Soc Am 1974;64:206–209.

2. Mattiello MLF, Guirao M. Saturation constancy in surface colors. J
Opt Soc Am 1981;71:730–736.

3. Mattiello MLF, Salinas H, Biondini AR. The dichoptic chromatic
vision. Die Farbe 1998;44:127–147.

4. Stevens SS, Guirao M. Loudness, reciprocality and partition scales. J
Acoust Soc Am 1962;34:1466–1471.

5. Guirao M. A single scale based on ratio and partition estimates. In:
Bolanowski SJ, Gescheider GA, editors. Ratio scaling of psychologi-
cal magnitude. In honor of the memory of S. S. Stevens. Hillsdale, NJ:
Erlbaum; 1991. p 59–78.

6. Mattiello MLF. Individual color functions. Percept Psychophys 1977;
21:396–398.

7. Stevens SS. Decibels of light and sound. Physics Today 1955;8:12–17.
8. Indow T, Stevens SS. Scaling of saturation and hue. Percept Psycho-

phys 1966;1:253–271 (see caption in Fig. 11).
9. Stevens, SS. The measurement of loudness. J Acoust Soc Am 1955;

27:815–829.
10. von Helmholtz H. Physiological optics. Vol. 2. New York: Dover; 1962.
11. Mattiello MLF. Individual color functions. Percept Psychophys 1977;

21:396–398.
12. Arend LE, Goldstein R. Simultaneous constancy, lightness and bright-

ness. J Opt Soc Am A 1987;4:2281–2285.

13. Brown R, MacLeod D. Induction and constancy for color saturation
and achromatic contrast variance. Invest Ophth Vis Sci 1991;32
(Suppl):2165.

14. Lucassen MP, Walraven J. Colour constancy under conditions varying
in spatial configuration. Perception 2000;29(Suppl):43.

15. Wilson TD, Houston CE. A new look at anchoring effects: Basic anchor-
ing and its antecedents. J Exper Psychol Gen 1996;125:387–402.

16. Gorea A, Sagi D. Decision criteria are regulated by a unique “anchor”
in a multistimulus environment. Perception 1999;28(Suppl):37–38.

17. Helson H. Adaptation level theory: An experimental and systematic
approach to behavior. New York: Harper; 1964.

18. Bruno N, Bernardis PY, Schirillo J. Lightness, equivalent back-
grounds, and anchoring. Percept Psychophys 1997;59:643–654.

19. Cattaliotti J, Gilchrist A. Local and global processes in surface light-
ness perception. Percept Psychophys 1995;57:125–135.

20. Parducci A. The relativism of absolute judgment. Sci Am 1968;219:
84–90.

21. Tversky A, Kahneman D. Judgment under uncertainty: Heuristics and
biases. Science 1974;185:1124–1131.

22. Mattiello MLF. Matching techniques for the study of visual functions
in clinical ophthalmology. Die Farbe 1989;35/36:125–137.

23. Witt K, Doring G. Parametric variations in a threshold color-difference
ellipsoid for green painted samples. Color Res Appl 1983;8:153–163.

24. Guan SS, Luo MR. Investigation of parametric effects using small
colour differences. Color Res Appl 1999;24:331–343.
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