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RESUMEN: 
Presentamos un análisis de la variabilidad intra- e inter-observadores al 

evaluar pequeñas diferencias de color a partir del trabajo realizado por Wyszeky 
y Fielder. Usando técnicas de la teoría estadística, evaluamos el tamaño y la 
forma de los umbrales de discriminación cromática en el espacio (x, y, Y). En el 
caso de la variabilidad intra-observador mostramos que un número reducido de 
igualaciones proporciona umbrales con una alta variación entre una sesión de 
igualaciones y otra. El análisis de los datos para diferentes observadores  revela 
que los umbrales varían de una manera asistemática entre ellos. 
Palabras clave: igualación de color, umbrales de discriminación, variabilidad 
intra e inter-observadores. 
ABSTRACT: 
We present a discussion on the intra-observer and inter-observer variability in 
judging small color-differences when considering the experimental data provided 
by Wyszeky and Fielder. By using standard techniques in statistical theory we 
evaluate the size and shape of the regions of colorimetric indistinguishability in 
(x, y, Y) space. In the case of intra-observer variability we show that a low 
number of matches provides thresholds with a high degree of variation from one 
session to another. The analysis of data obtained for several observers reveals 
that thresholds vary in a non systematic way from one observer to another. 
Key words: color-matching, color difference thresholds, inter and intra-observer 
variability. 
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1.- Introduction.  
 
Several studies of visual sensitivity of the human 
eye to color differences have been made by 
analyzing the distribution of color-matching errors 
about a selected color center.  The elliptical 
geometry was adopted by MacAdam in order to 

represent the threshold of chromatic discrimination 
[1] (by considering the luminance to be constant). 
This geometry was complemented by ellipsoids in 
the case of colorimetric discrimination [2]. 
Subsequent studies took the ellipsoid as a good 
representation of color-difference thresholds [3-7]. 
The use of the  ellipsoidal geometry is justified by 
considering that the frequency of color-matches 
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When considering the j-th equalization, the 
tristimulus values of the variable field of observation 
are given by (Xj

1,Xj
2,Xj

3) (j=1,...,n).  The mean 
values (Xi

0), standard deviations (sX
i), and matrix of 

covariances, µij
X are obtained from the set of 

experimental data. It is assumed that the tristimulus 
values Xi

j are normally distributed around the mean 
values Xi

0  [2-4] or, in other words, the probability 
density function of the color-matchings is a 
Gaussian distribution. 

obeys a  normal distribution in the representation 
space  RRGB associated to the stimuli corresponding 
to  the instrumental primaries [2,3].  Note that when 
the fitting of the experimental data to an ellipsoid are 
carried out in tristimulus values and the results are 
projected to a plane of constant luminance, 
Y=Y0=cte,   we obtain an ellipse, whereas if the 
fitting of the experimental data is performed directly 
in (x,y, Y) space the chromaticity threshold cannot 
be considered  to be an ellipse. This fact is due to the 
properties of transformation of the probability 
density function of the color-matchings [8-9].  

 
It is a very common practice (see Ref. [5]) to use the 
representation space, RL, (x1',x2',x3')=(x,y,0.2 
log10Y), x and y being the chromaticity coordinates, 
and Y being the luminance of the stimulus. This 
space is obtained by a non linear transformation 
from RX representation space. We have shown [8-9] 
that by using a non-linear transformation the 
probability density function in the transformed space 
is distorted. This distortion emerges from the fact 
that the Jacobean of the transformation is a function 
of the coordinates. Thus if the fittings of the 
experimental data are carried out in the transformed 
space, the chromaticity thresholds obtained when 
considering a plane of constant luminance  cannot be  
considered as ellipses. In fact it is shown in 
References [8-9] that the chromaticity thresholds are   
asymmetric. The distortions introduced by non-
linear of the transformation from RX to RL  were not 
considered in Ref. [5] (see equation (1) in page 
1137). 

 
It is interesting to analyze sets of color-
discrimination thresholds obtained by different 
observers (inter-observer variability). This could 
serve to determine the average ability of a normal 
observer and the validity and limitations of different 
line elements.   Color discrimination for an ensemble 
of twelve observers was reported in Reference [10] 
for several color centers, although the author only 
provided the averaged results. Another interesting 
question arises from the ability of an individual 
observer to repeat his own color-differences 
thresholds (intra-observer variability). Both kind of 
variability were considered in References [5,7]. In 
the work due to García et. Al. [7], this analysis was 
performed with a large number of observer, although 
we cannot compare the results obtained in the 
current investigation with those reported in [7] since 
they do not provide in their paper the covariance 
matrices which is required to use our method.  

In this work we will use the representation space RL 
with coordinates given by (x1,x2,x3)=(x,y,Y), in 
order to compare our results with the data reported 
in [8]. The probability density function in the plane 
of constant luminance (x3= x3

0) is given by [8] 

 
In this paper we analyze the intra-observer and inter-
observer variability in judging color-differences. For 
these purposes we will use the set of data supplied in 
Ref. [5], since the authors of this study considered 
both kinds of variability in color-matching. We also 
study the validity and limitations of the elliptic 
geometry for representing the regions of equally 
noticeable chromaticity differences. In Section 2 we 
present a brief description the theoretical 
background for the analysis of the experimental data 
in a color-matching experiment: a more detailed 
description is provided in References [8-9]. This 
procedure is applied to the data supplied in Ref. [5] 
and the results are presented in Section 3. The major 
conclusions are given in Section 4. 
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2.- Theoretical background. 
 
Let us consider an experiment of color equalization. 
A certain color stimulus can be specified by the 
tristimulus values Xi (i=1,2,3) in the representation 
space RX. The observer carries out n color-matches 
between a fixed reference field, with associated 
tristimulus values (X1

0,X2
0,X3

0), and a variable field. and the constant  Ax is given  
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 The principal asymmetry coefficients, Asi, and the 
principal kurtosis, Ki, defined respectively by We can solve equations (10) and (11) by numerical 

methods and using equation (7) we can  determine 
the points xi and xs. By repeating this procedure for 
any direction θ we can determine the region D(x1,x2) 
of interest for any reference  stimulus x0  (see 
References [8-9] for more  details).  
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the ellipse are severe is to compute the following 
distances (see References [8-9]) 
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are computed in order to compare them with those 
associated to a normal distribution function: Asi=0   
and Ki=3. 
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in each direction θ for all the color centers. In the 
case in which the data fit the equation of an ellipse, 
these distances will take similar values. The 
percentage of deviation  

The region determining the chromaticity threshold is 
given by  the condition 
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α being the confidence level. The shape of region 
D(x1,x2) can be determined by using a numerical 
method. This method proceed as follows: a selected 
set of straight lines at different angles θ and 
containing the reference stimulus x0=(x1

0,x2
0) are 

used. The equation for the lines is  

is a local estimator of the asymmetry en each 
direction. 
 
 
3.- Variability in color-matchings. 

0
2

0
1112 tan)(),( xxxxx +−= θθ ,               (7)  

In Section 2 we have described the theoretical basis 
of the treatment of the experimental data obtained in 
a color-matching experiment.  We will use the data 
supplied in Ref. [5] since in this paper all the data 
required are listed in the tables.  In Reference [5] the 
coefficients of discrimination g'ij in the 
(x1',x2',x3')=(x,y,0.2log10Y) space  are provided. For 
our purposes we need the discrimination 
coefficients, cij

X, in the RX space. The relation 
between both spaces allows us to determine 
coefficients cij

X by using the covariant 
transformation 

Along each one of these lines the probability density 
function of the color-matchings is given by  
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The constant Aθ in equation (8) is given by 
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 (2) being the intersection of the line with 
the chromaticity diagram.  
The color stimuli distinguishable from the reference 
stimulus are given by xs=(x1

s,x2
s)  and  xi=(x1

i,x2
i) 

and are determined as The chromaticity thresholds provided in Reference 
[5] were determined for a confidence level of 95 % 
(α=0.05). All the calculations involving integrals in 
the chromaticity diagram have been carried out by 
using the integration procedure described  in Ref. 
[11]. 
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TABLE I for the different observers considered in Ref. [5] are 
listed. It should be noted that the asymmetry of the 
distribution function of equation (8), becomes 
evident and thus it cannot be assumed a priori that 
chromaticity thresholds are symmetric. In the case of 
the kurtosis parameters, Ki we see from Table 1 that 
the deviations with regard to the normal distribution 
function is comparable to those reported in Ref. [8], 
although it depends on the color center considered.  
The chromaticity thresholds have been determined 
for the color centers and the observers reported in 
Table 2 of Ref. [5] by using the procedure described 
in Section 2.  

Asymmetry coefficients and kurtosis for the color centers 
analyzed. In the first column we provide the number of the 
stimulus according to the order given in Table II of Ref. 
[5]. 

OBSERVER GF 
Center  Session As1 As2 K1 K2 

9 1 0.064 0.048 2.913 2.975 
9 2 0.014 0.022 2.996 2.996 
9 3 0.008 0.023 3.004 3.001 
9 M 0.019 0.030 3.001 3.002 
11 1 0.012 0.026 3.000 3.005 
11 2 0.005 0.017 3.000 2.992 
11 M 0.009 0.022 3.003 3.001 
13 1 0.036 0.042 3.003 3.004 
13 2 0.014 0.029 3.001 3.002 
13 3 0.014 0.025 2.997 3.002 
13 M 0.023 0.033 3.002 3.002 
15 1 0.004 0.014 2.992 3.006 
15 2 0.013 0.023 3.002 3.000 
15 M 0.011 0.020 3.011 3.000  

OBSERVER AR 
Center  Session As1 As2 K1 K2 

9 1 0.495 0.141 2.873 2.992 
9 2 0.424 0.084 2.828 2.996 
9 3 0.009 0.021 2.999 3.005 
9 M 0.006 0.027 2.903 2.981 
11 1 0.011 0.034 2.999 3.004 
11 2 0.018 0.031 2.997 3.003 
11 M 0.014 0.032 3.004 3.002 
13 1 0.021 0.029 3.005 3.002 
13 2 0.013 0.022 2.995 3.001 
13 3 0.013 0.019 3.013 3.000 
13 M 0.016 0.024 2.997 3.002 
15 1 0.008 0.015 2.988 3.006 
15 2 0.008 0.019 3.006 3.005 
15 M 0.008 0.017 2.979 3.002  

OBSERVER GW 
Center  Session As1 As2 K1 K2 

9 1 0.219 0.165 2.828 2.906 
9 2 -

0.002 
0.019 2.993 3.003 

9 3 0.012 0.021 2.997 3.001 
9 M 0.028 0.034 2.991 2.999 
11 1 0.015 0.031 3.003 3.003 
11 2 0.009 0.040 2.999 3.003 
11 M 0.012 0.036 3.004 3.002 
13 1 0.023 0.034 3.000 3.002 
13 2 0.001 0.015 3.001 3.000 
13 3 0.025 0.035 3.001 3.003 
13 M 0.019 0.031 3.001 3.002 
15 1 0.011 0.014 2.997 2.990 
15 2 0.016 0.024 3.006 2.999 
15 M 0.013 0.020 2.993 3.005  

The results are illustrated in Figures 1,2 and 3 for 
observers GF, AR and GW respectively. We see 
from these figures that chromaticity thresholds for a 
selected color center vary for each observer. Note 
from these graphs that there appears to be notable 
discrepancies for the same observer at different 
occasions under identical observing conditions. The 
number of color-matchings for each session was 
nearly equal to 30 as indicated in Table 2 of 
Reference [5]. 

For a given color center the thresholds indicated 
with diamonds in the figures are representative for 
the average threshold associated to each observer. 
Note that the higher asymmetries are obtained for 
color center 9 (purple color center) for all observers, 
being particularly high for observer AR.  
The maximum values of qa(θ) are listed in Table 2 
for the three observers. Note that our calculations are 
carried out in (x,y,Y) space, and that the results 
reported in Ref. [5] are given in (x,y,0.2log10Y). 
Note that the asymmetry and kurtosis coefficients 
computed in (x,y,0.2log10Y) space should be 
identical to those computed in (x,y,Y) space since in 
the calculations the luminance is constant. 
Nevertheless the chromaticity thresholds will be 
slightly modified when computed in (x,y,0.2log10Y) 
space by following our procedure. 

TABLE II 
Maximum values of qa(%) for color centers considered in 
Table 2 of Reference  [5]. 

Center Session GF AR GW 
9 1 10.1 62.7 41.0 
9 2 5.6 63.0 4.9 
9 3 6.0 5.3 5.5 
9 M 7.7 7.6 8.5 
11 1 6.6 8.5 7.9 
11 2 4.3 7.9 10.2 
11 M 5.6 8.2 9.1 
13 1 10.5 7.4 8.5 
13 2 7.5 5.6 3.8 
13 3 6.3 4.9 8.9 
13 M 8.4 6.1 7.9 
15 1 3.7 3.9 3.8 
15 2 5.9 4.8 6.1 
15 M 5.1 4.4 5.7 

 

Let us consider the case of intra-observer variability. 
The data used for analyzing this topic are provided 
in Table 2 of Reference [5]. In Table 1 the 
asymmetry  coefficients and the kurtosis  parameters 
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Fig.1.- Color-difference thresholds for the different color-
centers, indicated in parenthesis, and different occasions.   
The data used to produce the figures are for observer GF 
and were taken from  Table II in Ref. [5]. 

Fig.2.- Color-difference thresholds for the different color-
centers, indicated in parenthesis, and different occasions.   
The data used to produce the figures are for observer AR 
and were taken from  Table II in Ref. [5].  
  

The results obtained when considering a large 
number of color matchings (90), indicated with 
diamonds in  Figures 1-3, show slight deviations 
with regard to the elliptic geometry  (low values of 
magnitude qa). We remind here that a better 
estimation of a given physical magnitude is obtained 
when increasing the number of data available, thus 
reducing its uncertainty. The number of matchings 
carried out for a color center are provided in the last 
column of Table II in Ref. [5]. The authors of Ref. 
[5] (see page 1140 of the manuscript) explicitly 
pointed out the importance of the number of 
observations in order to obtain the accuracy of the 
parameters of the ellipse. In the case of using 30 
observations the uncertainty in the estimation of 
major and minor semi-axes of the ellipse is in the 
order of 13 % which is roughly in the range of intra-
observer variability.  Thus we conclude that in the 
present case it should be adequate to consider 90 as 
an appropriate value of color-matchings to be carried 
out around a given color center, which reduces the 
uncertainty up to 7.5 %. 

hand no time limit was kept during the course of 
each individual match in Ref. [5]. 
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Fig.3.- Color-difference thresholds for the different color-
centers, indicated in parenthesis, and different occasions.   
The data used to produce the figures are for observer GW 
and were taken from  Table II in Ref. [5]. Our results confirm those obtained in Ref. [5] 

concerning the low repeatability of color-matchings 
by a given observer at different occasions. This 
behavior should be further investigated by 
increasing the number of observations carried out at 
a selected color center. In fact in Ref. [10] the author 
analyzed the time trend in the learning process for a 
group of observers. The results obtained when 
computing the Weber's fraction indicated that during  

 

It has been suggested that large times can induce 
adaptation phenomena that can modify the capacity 
of discrimination [12]. Another question arises from 
the fact that the observer manipulates himself the 
colorimeter (see page 1136 in Ref. [5]), thus the 
results concerning the color-matchings could be 
influenced by the psychological conditions [13]. 
These effects should be further investigated in order 
to get more reliable data concerning intra-observer 
variability. 

the course of the experiment with the visual 
colorimeter, the unskilled group of observers 
improved  their  discrimination  ability.  In  the other 
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Fig.4.- Color-difference thresholds for several color-
centers, indicated in parenthesis. The data used to produce 
the figures are for observer GF (•), AR (x) and GW (+) 
and were taken from Table I in  Ref. [5]. 
 

TABLE III 
Asymetry coefficients and kurtosis for the color centers 
analyzed. In the first column we provide the number of the 
stimulus according to the order given in Table I of Ref. 
[5]. 

OBSERVER GF 
Center As1 As2 K1 K2 

1 0.009 0.019 3.001 3.001 
2 -0.032 -0.044 3.138 2.999 
3 -0.002 0.011 3.000 3.000 
4 0.007 0.018 3.000 3.001 
5 0.020 0.028 3.016 3.002 
6 -0.001 0.012 3.000 3.000 
7 0.006 0.015 3.000 3.001 
8 0.009 0.019 3.002 3.001 

10 0.013 0.020 3.005 3.001 
12 -0.004 0.019 3.000 3.001 
14 0.014 0.025 3.050 3.002 
16 0.002 0.014 3.000 3.000 
17 0.004 0.017 3.003 3.001 
18 0.004 0.011 3.002 3.000 
19 0.018 0.036 3.001 3.003 
20 0.019 0.030 3.010 3.002 
21 0.002 0.013 3.000 3.000 
22 0.001 0.015 3.000 3.001 
23 0.011 0.027 3.001 3.002 
24 0.007 0.014 3.047 3.001 
25 -0.009 0.021 3.001 3.001 
26 0.011 0.020 3.002 3.001 
27 -0.006 0.021 3.000 3.001 
28 0.004 0.017 3.000 3.001  

OBSERVER AR 
Center As1 As2 K1 K2 

1 0.015 0.020 3.010 3.001 
2 0.016 0.025 3.004 3.001 
3 0.010 0.015 3.009 3.001 
4 0.011 0.020 3.001 3.001 
5 0.016 0.023 3.006 3.001 
6 0.004 0.015 3.000 3.000 
7 0.013 0.019 3.006 3.001 
8 0.012 0.024 3.001 3.001 

10 0.020 0.030 3.017 3.002 
12 0.000 0.016 3.000 3.000 
14 0.018 0.027 3.001 3.001 
16 0.006 0.016 3.000 3.000 
17 0.009 0.021 3.000 3.001 
18 0.005 0.020 3.000 3.001 
19 0.014 0.030 3.001 3.002 
20 0.001 0.030 3.000 3.002 
21 0.007 0.017 3.000 3.001 
22 0.001 0.015 3.000 3.000 
23 0.009 0.033 3.001 3.000 
24 0.011 0.020 3.003 3.000 
25 0.005 0.024 3.000 3.001 
26 0.011 0.024 3.001 3.001 
27 0.006 0.022 3.000 3.001 
28 0.019 0.029 3.004 3.002  

 
 

OBSERVER GW 
Center As1 As2 K1 K2 

1 0.016 0.021 3.001 3.001 
2 0.015 0.019 3.001 3.001 
3 -0.001 0.014 3.000 3.000 
4 0.008 0.018 3.000 3.001 
5 0.014 0.022 3.001 3.001 
6 0.001 0.015 3.000 3.001 
7 0.012 0.017 3.000 3.001 
8 0.008 0.021 3.000 3.001 

10 0.023 0.029 3.001 3.001 
12 -0.001 0.018 3.000 3.000 
14 0.019 0.027 3.001 3.002 
16 0.012 0.017 3.000 3.001 
17 0.019 0.026 3.001 3.001 
18 0.018 0.023 3.001 3.001 
19 0.039 0.055 3.004 3.006 
20 0.027 0.038 3.002 3.003 
21 0.016 0.022 3.001 3.001 
22 0.005 0.022 3.000 3.001 
23 0.009 0.034 3.001 3.002 
24 0.018 0.022 3.001 3.001 
25 0.006 0.026 3.000 3.001 
26 -0.005 0.023 3.000 3.001 
27 0.009 0.026 3.000 3.001 
28 0.011 0.031 3.001 3.002  

 
When considering the case of inter-observer 
variability we have computed the principal 
asymmetry and kurtosis parameters for the three 
observers and the color centers listed in Table 1 in 
Reference [5]. The results are listed in Table 3 
except for color centers 9, 11, 13, and 15, that has 
been previously considered when analyzing the 
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intra-observer variability. In the present case these 
parameters take similar values to those reported in 
Table 1. Figure 4 show the color-difference 
thresholds for the three observers at some color 
centers. From Figure 4 and Table 3 we can conclude 
that the ability of each observer to distinguish colors 
from the reference color center (that in the fixed 
field of observation) varies among them. This 
variation, that manifests itself in the shape and 
orientation of color-difference thresholds, points out 
the differences in color discrimination of the 
different observers. No systematic trend can be 
easily found to predict these differences.  The 
asymmetries obtained are within the range of 8-10 % 
for the observers and color centers considered. We 
remind here that the degree of asymmetry depends 
on the confidence level, α, thus for a confidence 
level of α =0.16 the asymmetries should be reduced 
[8], and in such a case it would be a good 
approximation to take the color-difference 
thresholds as ellipses. The authors of Reference [5] 
carried out a comparison between their results and 
others previously derived, particularly those reported 
in References [1,2]. We recall here that by analyzing 
the data reported in Ref. [1] we have demonstrated 
that it is not possible to conclude that color-
difference thresholds   be considered as ellipses [14-
15], thus the comparison established in Reference 
[5] is not adequate. In relation with the comparison 
with data reported in [2] we have shown (see Ref. 
[8]) that color-difference thresholds show 
asymmetries deriving from the properties of 
transforming probability density function of color-
matchings, and again the comparison established in 
Reference [5] is not adequate.  Note again that the 
conclusions derived in Ref. [5] are limited by the 
uncertainties in the determination of the parameters 
of the ellipses by the number of observations 
performed (provided in the last column of Table I in 
Ref. [5]). 
In any case the discrepancies found in Ref. [5] 
should be attributed to the differences between the 
visual mechanisms of the different observers 
together with the differences in the observing visual 
conditions used in the considered investigations. 
Now we will analyze these facts: it is very common 
to compare color-difference thresholds of different 
observers that has been obtained by using different 
experimental devices:  type of colorimeter, kind of 
color-matching (isomeric or metameric) [1,2,13], 
manipulation of the apparatus by the observers 
[1,2,5], visual field and surrounding visual field 
[1,2,5], type of instrumental primaries [2,13], 
treatment of experimental data [1,2,5,8] (i.e., fitting 
of the data to ellipses),...  are some of the parameters 
involved. Due to such a large set of variable 
conditions used in   different investigations, it is 
hard to establish an adequate scenario for the 
analysis of the inter-observer variability. This 

variability is mainly related to the ability of different 
observers to distinguish a given set of colors from a 
reference color. Thus when we try to compare the 
color performance of a given set of observers, it 
should be desirable to have a collection of 
homogeneous data, taken nearly in the same 
experimental conditions. In this sense, the task of 
analyzing the inter-observer variability should be 
facilitated. The question concerning the variability 
of color-matching functions (cmf's) is of particular 
importance in this analysis. It has been shown 
[16,17] how the use of own's observer cmf's 
influences the color discrimination thresholds. In 
this sense it would be of interest to investigate to 
what extent the variability in cmf's influences the 
variability in color-difference thresholds. It is 
mentioned in Ref. [5] that due to the properties  of 
the colorimeter used in the investigation the ideal 
match between both fields is ``practically 
nonmetameric and is thus invariant to differences 
between  color-matching functions of different 
observers'' (see page 1136 of the manuscript). Note 
that although the match is invariant, it is not 
independent of cmf's as it has been shown in [16-
17]. 
 
 
4.- Conclusions. 
 
The elliptical or ellipsoidal fit has been widely used 
as an efficient and convenient parameterization of 
threshold data [1-7,12,13]. It is functionally simple, 
has few parameters, and is usually fairly accurate. 
Nevertheless it should be used with caution [8-9]. 
Robertson explicitly pointed out that ``deviations 
from ellipsoidal contours may occur...'' when 
considering pairs of colors aligned in the direction of 
the dichromatic confusion points. The statistical 
procedure developed in [8] allows us to estimate the 
amount of deviation with regard to the elliptic 
geometry.  The main conclusions of this paper can 
be summarized as follows: 

• The analysis of the data reported in Ref. [5] 
by using the rigorous method developed  by 
us [8] reveals  how severe are the 
deviations with regard to the ellipsoidal 
geometry commonly used in the literature 
[5,12,18]. In this sense magnitude qa is a 
local estimator of the degree of asymmetry. 
In any case the limited gamut of the 
instrument used in Ref. [5] requires to 
perform further analysis of other color 
centers distributed over the entire 
chromaticity diagram. 

•  The use of equations of the form 
∆E2=g11∆x2 + g22 ∆y2+g33 ∆Y2 + g12∆x ∆y+ 
g13∆x ∆Y+ g23∆y ∆Y,                            (15) 
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where the g coefficients are functions of x, y 
and Y, for representing contours of equal 
perceived color difference (∆E), should be used 
with caution. In this sense the use of ∆E2=7.81   
stipulates that the ellipsoid contains, on the 
average, 95 % of any random set of color 
matches. We have shown [8] that the deviations 
from the elliptic geometry depend on the value 
of the confidence level, α. The increasing of  α 
reduces the asymmetry, thus equation (15) 
should be used in such cases when the level of 
luminance is moderate (see Ref. [9] where the 
influence of luminance on the shape of the 
thresholds is analyzed). 
• The analysis of the intra-observer 

variability for the three observers 
considered in Ref. [5] shows that the use of 
a low number of matches (30) for 
determining the thresholds provides 
contours with a high degree of variation 
from one session to another. Note the 
scatter of contours in Figures 1-3. Note  
also in Figures 1-3 that  contours labeled 
with diamonds (90 matches in average)  
does not reveal the high asymmetries 
obtained for individual sessions (see also 
Table 2). In any case no indications of 
uncertainties of the derived g coefficients 
are provided for each experiment in Ref. 
[5], although estimations are provided of 
the uncertainties of major and minor semi-
axes of the ellipses.  These uncertainties are 
in the order of intra-observer variability. It 
should be desirable to perform further 
experimental studies of this question by 
using a large number of observations in 
order to reduce the uncertainties. We 
remind here that the determination of these 
uncertainties was indicated as a priority in 
the guidelines for color-difference 
investigations by Robertson [18]. 

• The analysis of inter-observer variability 
reveals that thresholds vary from one 
observer to another. These variations are 
produced in a non systematic way. A 
possible cause for these variations is  the 
variability of cmf's. In this sense it would 
be of interest to get a complete set of cmf's 
for a large number of normal observers 
together with their respective color-
difference thresholds. By using the cmf's of 
the standard observer and own's observers 
cmf's we could investigate the origin of 
inter-observer variability. The importance 
of this point was raised in References [16-
17]. The authors of Ref. [5] noted 
significant and systematic discrepancies 
between the ellipses obtained for their 
observers and PGN [1] for red and purple 
test colors. It should be further analyzed to 
what extent these deviations are influenced 
by cmf's of the individual observers. Note 
that great inter-observer variability occurs 
in the cmf rλ followed by the cmf bλ as 
reported in Ref. [19]. At this point it should 
be taken into account that the comparison 
between a given couple of observers should 
be carried out by means of optimization 
procedure suggested in Ref. [20]. 

•  Another question of interest is to test the 
normality hypothesis in tristimulus values, 
i.e., to test if the clouds of points, (Ri,Gi,Bi), 
obtained in a color-matching experiment 
follows a Gaussian function. In this sense, 
trivariate tests of normality should be 
performed. We recall here the works of 
Brown [4] and that due to Hita et al. [21] 
where univariate tests of normality were 
conducted, but  special caution is required 
since univariate normality does not implies 
trivariate normality.  

 
 


