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Abstract 

 

The Farnsworth-Munsell 100 Hue Test has been used for the past 60 years in various industries as a 

method for evaluating an individual's ability to discern color. The respondent gets a precise result in 

which part of the colored space has a weaker sense of color distinction. It can also be ranked according 

to the overall result. For a production manager or production technician, a satisfactory result from 

this test is ≤ 40 points, and for a strict color assessment, a designer or a person with a very strict color 

evaluation criterion must have a result of ≤ 16 points. The purpose of this paper is to propose a new 

method of ranking respondents according to sense of color differences. Respondent's ranking results 

for color difference are declared in ΔE and can be compared with instrumental measurements. 

Respondent’s rank results within the method represented in this work can be expressed by ΔE*ab, 

ΔE*CMC, ΔE*94 or ΔE*00 and can be compared directly with results obtained by instrumental 

measurement. 

 

Keywords: color, method, color distinction, color difference. 

 

Introduction 

 

In addition to instrumental color control, the evaluation of color differences should be performed by 

human observer in many industry branches where color accuracy is a critical quality parameter. To 

rank respondents in terms of their tolerance for color differences, an original method is developed 

earlier (Gazibarić et al., 2021), and used to determine the sensitivity threshold (ST), barely noticeable 

differences (BND), and unacceptable color differences (UCD) that particular respondent perceives.  

The method for characterization sense for color differences of the respondent, described in the 

preliminary paper is based on the originally developed software Color Changer (Gazibarić et al., 

2021). By establishing a quantitative indicator for each member of the test group, it is possible to rank 

the respondents in terms of tolerance for perceiving a color difference. The assumption is that a 

candidate with the narrowest tolerance for the perception of color differences is also the best candidate 

for evaluating color deviation in a given circulation. 

The Farnsworth-Munsell 100 Hue Test (www.xrite.com, n.d.) has been used over the past 60 years 

in various industries to assess an individual's sense of color differences. The respondent receives a 

precise result in which part of the colored space she or he has a weaker sense of color distinction. It 

can also be ranked according to the overall result. For a production manager or production technician, 

a satisfactory result from this test is ≤ 40 points and for a strict color assessment that must be 

performed by a designer or a person with very strict criteria for assessing colors, the result of the F-
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W test must be ≤ 16 points. The test can be repeated and by recording the results, the change in 

respondent's ability for color perception can be monitored. 

The method described in this work, using the method for characterizing human sense by color 

differences (Gazibarić et al., 2021), has a direct link to the color difference expressed through the 

equation ΔE00 (Luo et al., 2001) from instrumental color analysis. It is emphasized that any equation 

can be applied to the method described in this work, so data can be compared to data read from the 

instrument. The test can be repeated and by recording the results, the change in respondent’s ability 

for color differences can be monitored. 

 

Materials and Methods 

 

For this experiment, the CIELAB values of 24 test fields taken from the X-Rite ColorChecker Classic 

card based on the Color-Rendition Chart (McCamy et al., 1976) were selected. The Color-Rendition 

Chart has been developed to facilitate quantitative or visual assessments of color reproduced in 

photography, television, and print. A series of 24 colored fields includes spectral simulations of the 

bright and dark color of human skin, leaves, blue sky, and blue flower (chicory). Likewise, the 

primary colors of additive and subtractive synthesis as well as a scale of six neutral ones are included. 

Colored fields are the stimuli shown on the calibrated monitor (Sharma, 2002). There are a lot of 

research activities for evaluating color differences, that confirm the reliability of the usage of 

computer systems, monitors, developed software and a controlled environment. One is conducted by 

authors Salvadori and Goñi (Goñi & Salvadori, 2017). In their work, Szafir et al. presented color 

comparison fields via an Internet connection and respondents answered the test by viewing the colors 

on their monitors (Szafir, 2018; Szafir et al., 2014). Liang et al. conducted two separate but similar 

experiments at the University of Leeds (UK) and Zhejiang University (China). Both experiments to 

assess color differences were carried out using the Eizo screen using the ratio method (Liang et al., 

2017). 

For this experiment, it was not crucial to achieve absolutely accurate values on the screen as on the 

X-Rite ColorChecker tab, but to have the fields approximately in those parts of the color space as the 

fields from that card and to cover all parts of it. In addition, it is crucial for this experiment to 

accurately determine the difference in color, and not the absolute value of the color in the CIELAB 

coordinates. The table with CIELAB values of 24 test fields (Table 1) is taken from the 

www.babelcolor.com page (www.babelcolor.com, n.d.). 
 

Table 1. Reference color table 

No. Color name 
xyY (CIE D50) L*a*b* (CIE D50) 

x y Y L* a* b* 

1 dark skin 0.4325 0.3788 10.34 38.44 13.61 14.53 

2 light skin 0.4191 0.3748 35.25 65.95 17.91 17.87 

3 blue sky 0.2761 0.3004 18.47 50.06 -4.52 -22.25 

4 foliage 0.3700 0.4501 13.35 43.28 -13.21 21.94 

5 blue flower 0.3020 0.2877 23.24 55.31 8.82 -24.60 

6 bluish green 0.2856 0.3910 41.74 70.69 -33.03 -0.11 

7 orange 0.5291 0.4075 31.17 62.65 35.35 57.86 

8 purplish blue 0.2339 0.2155 11.40 40.24 9.74 -44.35 

9 moderate red 0.5008 0.3293 19.79 51.60 47.80 16.90 

10 purple 0.3326 0.2556 6.44 30.50 21.07 -20.02 

11 yellow green 0.3989 0.4998 44.35 72.46 -23.30 57.00 
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Before performing this experiment, each potential respondent was checked for color blindness, using 

the Ishihara color test (Ishihara, 1918). Only respondents with normal color vision should be included 

in this investigation. 

In this method, the two-coloured fields with known colorimetric values are presented to respondents 

on a screen (Figure 1). 

 
Figure 1. Colored fields on a monitor shown to respondent (translation of original signs: "Upute za testiranje" – Testing 

instructions; „Referentno polje“ - Referent field; „Pritisnuti taster „ENTER“ za spremanje podataka i prelazak na 

sljedeće polje za testiranje“ - Press the ENTER key to save the data and move to the next test field; „Povratak“- Return) 

 

The respondent interactively answers different questions, and a program collects data on how it 

responds to colour differences. There are two fields on the main screen: the referent field on the left 

and the changeable field on the right side. The colour of the left field does not change, while the 

colour of the right field does. The two types of classical psychophysical testing methods were 

performed: method of adjustment and method of limits (Sharma, 2002) 

In the test of the first type, the respondent manually changes the colour of the right field. The initial 

colours of the fields are different, and the respondent is supposed to adjust the colour of the 

changeable field on the right side to be equal to the colour of the referent field, on the left side. The 

No. Color name 
xyY (CIE D50) L*a*b* (CIE D50) 

x y Y L* a* b* 

12 orange yellow 0.4962 0.4428 43.58 71.95 19.46 68.12 

13 blue 0.2040 0.1696 5.79 28.87 14.81 -50.15 

14 green 0.3270 0.5033 23.07 55.15 -37.80 31.64 

15 red 0.5709 0.3298 12.68 42.28 54.12 28.67 

16 yellow 0.4694 0.4732 60.81 82.27 4.02 79.99 

17 magenta 0.4177 0.2704 20.07 51.91 49.80 -13.82 

18 cyan 0.2151 0.3037 19.03 50.72 -28.11 -27.95 

19 white 9.5 (.05 D) 0.3488 0.3628 91.29 96.53 -0.47 2.42 

20 neutral 8 (.23 D) 0.3451 0.3596 58.85 81.21 -0.64 0.27 

21 neutral 6.5 (.44 D) 0.3446 0.3590 35.95 66.48 -0.53 0.00 

22 neutral 5 (.70 D) 0.3438 0.3589 19.12 50.83 -0.64 -0.14 

23 neutral 3.5 (1.05 D) 0.3423 0.3576 8.93 35.85 -0.54 -0.49 

24 black 2 (1.5 D) 0.3439 0.3565 3.20 20.81 0.03 -0.39 
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number of colours and colorimetric values for each colour can be predefined. This first type of test 

repeats, until all predefined initial colours are checked. 

In the second test, the colour of the changeable field changes automatically. The colours of the fields 

are the same at the start and the respondent is supposed to signalize when he or she first notices the 

difference between the two fields and then again to signalize when the difference in color becomes 

too big and unacceptable for her or him. This test also repeats, until all predefined initial colours are 

checked. 

These tests would give the following information about respondent: 

- the respondent’s sensitivity threshold (ST) for colour difference. 

- the barely noticeable difference (BND). 

- the unacceptable colour difference (UCD). 

The hardware components of the device used for the experiment are: 

- Regular PC, for everyday use. 

- UHD hardware calibration monitor Eizo ColorEdge CG248-4K (diagonal: 60.45 cm; native 

resolution: 3840 x 2160 resolution; panel type: IPS; Dual Display Port; HDMI 185 ppi; built-in 

calibration sensor).  

- Calibration of the monitor is performed by a built-in spectrophotometer operating with 

ColorNavigator 6 color management software. The monitor is calibrated at D50 standard and hooded 

against ambient light. 

The software for the experiment was originally created "Color Changer", developed for a new method 

for evaluating a human observer's perception of color differences in a digital environment (Gazibarić 

et al., 2021). 

It has the following functions: 

- It allows the researcher to generate an initial set of reference-colored fields which will be shown to 

the subject during the experiment. 

- It allows the researcher to adjust the conditions of the experiment (the size, spacing and background 

color of the reference and variable fields, the step of changing colors, the extent to which colors 

change, the speed at which colors change, the number of changes per second, to show fields randomly 

...). 

- It allows the researcher to define a data set for the respondent, which can include personal data of 

respondent, which can be important for future research. The first three functions are accomplished by 

creating a configuration file. 

- It automatically registers the L * a * b * values when the respondent reacts to the variable color 

field. 

- It automatically calculates the color difference ΔE according to the selected equation (in this work 

the ΔE*00 was selected).  

- At the end of the test, the software automatically generates a table with L*a*b* and ΔE*00 of all 

fields, recorded when the respondent adjusts the color of the changeable field to be equal as the 

reference field or confirms the BND or UCD between reference and changeable fields. 

The differences in color were evaluated by 20 respondents in 24 color test fields. Descriptive 

statistical analysis was carried out on all results. Statistical analysis was performed in a statistical 

environment R 4.0.2 (R Core Team, 2020) and in JASP statistical software (JASP Team, 2020).  
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Results and discussion 

 

The result of the psychophysical visual experiment conducted in this study is the table with perceived 

CIELAB values of the reference and adjustable and variable hexagonal colored fields (Figure 1) 

shown to the subject.  

Descriptive statistical analysis also allowed correction of errors that occurred during testing. Values 

resulting from fatigue or some other influence on the subjects who participated in the experiment or 

illogical results were excluded. For instance, all data on the ST, BND and UCD in which the BND 

was greater than UCD or where ST was greater than BND, were excluded. There was a total of 144 

eliminated data (we consider the individual value of the ST, BND, or UCD), that is 5.14% of the total 

of 2880 data collected in this experiment (3 coordinates x 2 directions x 20 respondents x 24 color = 

2880). 

In this investigation, the BND was chosen to be respondents ranking criteria, and ST and UCD were 

used as a control result that confirmed the validity of the obtained results for BND. 

 

Distribution of the mean value of a BND for all 24 colors per respond 
 

Figure 2 shows the distribution of the results of determining the BND per subject. The rectangular 

part of the diagram shows the dispersion of the results. 
 

 
Figure 2. Distribution of the value of a BND per respondent for all 24 colors 

 

The median value is 2.57 (ΔE*00), and the data shows dispersion (larger interquartile range). A BND 

of less than 2.43 (ΔE*00) has 5 respondents, or in percentages, 25% of respondents, and also 5 

respondents or in percentages, 25% of respondents have higher values, with a barely noticeable 

difference of 3.04 (ΔE*00), with one respondent having a markedly high value, with a BND from the 

other respondents. 
 

Based on the presented dispersion of the results on the diagram of the distribution of the value of a 

BND, it can be found that about 3/4 of the subjects reacted to a BND of less than 3.04 (ΔE*00). 
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Dispersion of the results for BND for all respondents by individual colors and color tolerance 
 

Table 2 shows the mean values of BND for individual colors for all 20 subjects and standard 

deviations by color. The colors were ranked by the mean value of the BND in ascending order. 
 

Table 2.  Dispersion of tolerance test results in the BND of all respondents by individual colors and color tolerance 

  Color Mean 
Std. 

Deviation 
Median Min. Max. Q1 Q3 

Confidence 

interval 

percentage 

-95% 

Confidence 

interval 

percentage 

+95% 

BND 

yellow 

green 
2.18 1.21 2.09 0.39 5.19 1.38 2.83 1.65 2.71 

purple 2.35 1.36 2.17 0.39 5.71 1.50 2.94 1.76 2.95 

yellow 2.38 1.27 2.37 0.35 5.09 1.46 3.22 1.82 2.94 

green 2.39 1.28 2.33 0.35 5.58 1.51 3.02 1.83 2.95 

magenta 2.49 1.37 2.42 0.31 5.34 1.57 3.22 1.88 3.09 
bluish 

green 
2.49 1.33 2.47 0.47 5.31 1.57 3.16 1.91 3.08 

moderate 

red 
2.50 1.26 2.46 0.42 5.30 1.76 3.20 1.95 3.05 

purplish 

blue 
2.51 1.27 2.35 0.60 5.21 1.65 3.21 1.96 3.07 

orange 2.59 1.51 2.64 0.34 5.86 1.52 3.40 1.93 3.25 

foliage 2.60 1.47 2.26 0.47 6.32 1.74 3.29 1.96 3.24 
orange 

yellow 
2.61 1.29 2.48 0.56 6.08 1.88 3.08 2.05 3.18 

red 2.67 1.35 2.48 0.74 6.02 1.77 3.45 2.08 3.26 

light skin 2.71 1.35 2.64 0.63 6.28 1.81 3.24 2.12 3.30 

blue sky 2.74 1.50 2.47 0.46 6.01 1.73 3.63 2.08 3.40 

blue 2.75 1.49 2.62 0.46 6.26 1.80 3.48 2.10 3.40 
neutral 6.5 

(.44 D) 
2.78 1.28 2.74 0.68 6.08 2.04 3.31 2.22 3.34 

blue 

flower 
2.80 1.73 2.56 0.17 7.13 1.87 3.44 2.04 3.56 

cyan 2.87 1.51 2.90 0.35 5.61 1.84 4.02 2.20 3.53 

dark skin 3.08 1.48 2.93 0.50 6.56 2.26 3.85 2.44 3.73 
neutral 3.5 

(1.05 D) 
3.18 1.59 2.89 0.70 6.99 2.25 4.07 2.49 3.88 

neutral 5 

(.70 D) 
3.23 1.59 3.02 0.71 7.18 2.15 3.88 2.53 3.93 

white 9.5 

(.05 D) 
3.38 1.78 3.11 0.91 8.23 2.22 4.20 2.60 4.16 

neutral 8 

(.23 D) 
3.46 1.49 3.30 0.93 7.10 2.51 4.16 2.80 4.11 

black 2 

(1.5 D) 
3.63 1.44 3.47 1.35 6.51 2.75 4.30 3.00 4.26 

 

According to the dispersion of mean value of BND and standard deviation among the subjects, it can 

be concluded that the BND of every color is completely individual for each respondent. 
 

The lowest mean value (ΔE*00) of BND (2.18), and the standard deviation (1.21) was obtained for 

yellow-green color, which leads to the conclusion that for most subjects it was easiest to determine 

BND for this color. 

 

Ranking of the respondents by the BND value 

 

The subjects were evaluated and ranked according to the mean BND value for all the colors covered 

by the test and by the BND value for some individual colors (yellow, blue, red, and green). 
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Table 3. shows the ranking of subjects according to the mean BND value shown in the test, for all the 

colors covered by the test for each respondent: 

- mean of BND 

- the percentile ranking, which shows how much of the total number of respondents sees BND value 

and  

- Z score, which shows how BND among the respondents is higher or lower than the mean but 

expressed through standard deviation. 
 

Table 3. The assessment of the subjects by mean BND values for all the colors covered by the test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Height – expectation (mean) of a barely noticeable difference for all colors covered by the test. 

 

The ranking was carried out by calculating the percentile rank of the mean BND value between each 

subject for all colors. The value of the percentile threshold (0.952) indicates subject No. 8 as the 

worst-ranked by height of a BND. Z record for respondent number 8 is (3.360). 

The value of the percentile rank (0.047) indicates subject No. 19 as the top-ranked by height by a 

barely noticeable difference. Z record for respondent number 19 is (-1.492). It is obvious that 

respondent No. 7 is the second among the top ranked, and candidate 12 is penultimate, among the 

lowest ranked. The Z-record difference between the best and worst subjects expressed in standard 

deviations is (4.852). 
 

  

Respondent 

In total 

*Height Percentile rank z-score 

1 3.168 0.761 0.555 

2 3.339 0.857 0.796 

3 2.436 0.285 -0.474 

4 2.567 0.476 -0.290 

5 2.409 0.238 -0.513 

6 2.374 0.190 -0.562 

7 2.145 0.095 -0.885 

8 5.160 0.952 3.360 

9 2.577 0.523 -0.276 

10 3.000 0.714 0.319 

11 2.472 0.333 -0.424 

12 3.473 0.904 0.986 

13 2.559 0.428 -0.302 

14 2.620 0.571 -0.216 

15 2.523 0.380 -0.352 

16 2.779 0.666 0.009 

17 2.156 0.142 -0.868 

18 2.706 0.619 -0.094 

19 1.713 0.047 -1.492 

20 3.286 0.809 0.722 
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Table 4 presents the results of the ranking of respondents according to BND for individual colors 

(yellow, blue, red, and green). 
 

Table 4. Ranking the subjects by the value of a BND for yellow, red, green, and blue 

 

From the presented Table 4, it is shown that respondent No. 19 for all four colors is the best or among 

the top-ranked candidates. On the other hand, the candidate No. 8 is again at the bottom of the list for 

all four selected colors. When printing spot colors, evaluating an acceptable color difference is 

difficult. There is no proposition in ISO standards (www.iso.org/standard/, n.d.) for acceptance limit 

value for spot colors. With the method conducted in this and previous work (Gazibarić et al., 2021), 

the criteria can be established. 

 

Conclusion 

 

From the Box and Whisker Plot diagram (Figure 2), it can be concluded that there is a diversity in the 

perception of color differences among respondents. The assumption is confirmed that individual 

indicators of the perception of the difference in color should be determined for each observer that is 

included in evaluating color in any industrial production, either the manager, designer or production 

technicians staff. The results of the psychophysical visual experiment conducted in this study show 

three main types of results that determine the ability of respondents to distinguish color differences: 

ST, BND, and UCD. Two types of results (ST and UCD) can be used as a control result, and BND, 

as a main result, can be used as a ranking criterion for an observer's sense of color differences. 
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1 2.435 0.666 0.035 1.658 0.047 -

1.204 
2.858 0.761 0.758 4.400 0.904 1.990 

2 2.264 0.476 -

0.164 
3.246 0.857 0.720 3.046 0.857 1.062 3.461 0.857 0.873 

3 3.042 0.857 0.742 1.707 0.142 -

1.146 
3.158 0.904 1.243 2.838 0.571 0.131 

4 1.859 0.238 -

0.635 
2.275 0.428 -

0.457 
2.388 0.476 -

0.004 
1.733 0.142 -

1.183 5 1.727 0.190 -

0.790 
2.236 0.285 -

0.505 
1.696 0.190 -

1.125 
0.922 0.047 -

2.147 6 1.884 0.285 -

0.606 
2.290 0.476 -

0.439 
2.627 0.666 0.384 2.595 0.380 -

0.158 7 2.280 0.523 -

0.145 
2.123 0.238 -

0.641 
1.664 0.142 -

1.176 
1.722 0.095 -

1.197 8 4.888 0.952 2.891 5.230 0.952 3.124 3.789 0.952 2.265 4.488 0.952 2.094 

9 2.220 0.380 -

0.215 
2.240 0.333 -

0.500 
1.897 0.285 -

0.799 
3.053 0.714 0.388 

10 2.838 0.809 0.505 2.960 0.666 0.373 2.542 0.571 0.245 3.097 0.761 0.439 

11 1.726 0.142 -

0.790 
2.832 0.619 0.218 2.587 0.619 0.318 2.616 0.428 -

0.132 12 2.361 0.571 -

0.051 
2.556 0.523 -

0.117 
3.027 0.809 1.031 2.803 0.523 0.090 

13 2.236 0.428 -

0.196 
3.543 0.904 1.080 2.019 0.333 -

0.600 
2.268 0.285 -

0.547 14 2.619 0.714 0.249 3.239 0.809 0.711 1.837 0.238 -

0.896 
2.430 0.333 -

0.353 15 1.725 0.095 -

0.791 
2.695 0.571 0.052 1.323 0.047 -

1.728 
3.048 0.666 0.382 

16 2.374 0.619 -

0.036 
3.181 0.761 0.640 2.663 0.714 0.442 2.699 0.476 -

0.034 17 1.925 0.333 -

0.558 
2.063 0.190 -

0.714 
2.228 0.380 -

0.262 
2.223 0.238 -

0.600 18 4.003 0.904 1.861 2.270 0.380 -

0.463 
2.380 0.428 -

0.017 
2.925 0.619 0.235 

19 0.910 0.047 -

1.740 
1.668 0.095 -

1.192 
1.623 0.095 -

1.242 
2.013 0.190 -

0.849 20 2.777 0.761 0.433 3.032 0.714 0.460 2.452 0.523 0.099 3.213 0.809 0.578 
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The method presented in this paper is practical and available with relatively little investment and can 

be implemented in any company for which color matching is of great importance. 

The method enables a reliable ranking of the examinee in terms of sensitivity to color differences and 

a quantitative assessment of his ability. 
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