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Abstract

The paper presents the results of the research on the manifestation of the chromatic effect crispening, where
the primary stimuli are designed as squares in the blue-green color with the values of 55% RTV and 65% RTYV,
while the secondary stimuli are designed as backgrounds in the purple color and their variations are made in the
values of 25% RTV, 50 % RTV, 75% RTV and 100% RTV that surrounds the primary stimuli. Ten respondents of
both sexes participated in the research. They had the task to match on a computer screen through the binocular
harmonization technique the test primary stimuli with the referential stimuli, so that the test primary stimuli
are perceived the same or equal to the referential primary stimuli. The intensity of the effect was determined
and presented in the CIEDEOO system. The results of the research show that the intensity of the effect was more
pronounced on the test primary stimuli of 65% RTV, where the deviations in the perception of color were more
pronounced. The smallest deviation was measured on the primary stimulus of 55% RTV with the background
of 75% RTV, which is also a recommendation to the designers when creating a conceptual solution with the

combination of pairs presented in this paper.
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1. Introduction

Nowadays, visual effects are being increasingly
used in design. As the market is highly com-
petitive in offering a variety of products, and
as it is known that packaging or advertising
that makes a product successful or less success-
ful greatly influences the consumer, designers
have resorted to the use (deliberately or unin-
tentionally) of certain conceptual solutions in
order to “alienate” the product for whose ad-
vertising they are in charge of from other prod-
ucts on the market. Their goal is to create such
a conceptual solution of the final product that
will instantly attract the consumer’s attention
and create his/her desire for its consumption.

The manifestation of psychophysical visu-
al effects is largely undesirable, especially that
of the background visual effects which in the
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cross-media reproduction system cause unwant-
ed and unexpected manifestations of the intend-
ed conceptual solution of the finished product.

Background effects are divided into simulta-
neous contrast, spreading and crispening, and
specifically the aforementioned effects, de-
pending on the design solution, can be mani-
fested as achromatic, chromatic or desaturated.
The papers [1, 2] describe how the achromatic
design solution prompts the manifestation of
the background effect of simultaneous con-
trast, while in the papers of the authors Vusi¢
et.al. [3] it is shown how the neon color spread-
ing effect affects the manifestation of color.

The psychophysical visual effect of crispen-
ing is defined as an increase in the intensity of
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color perception between the stimuli of two
colors that are being mutually compared [4],
and in this paper it will be shown how the ef-
fect of crispening with certain pairs of colors
(purple and blue-green) affects the perception
of the observer, while in the paper of the au-
thors Hajdek et al. [5] it is shown how the effect
of crispening with the change in background
lightness affects the respondents.

The scientist Takasaki was the first who discov-
ered and gave the name to the crispening effect,
and he described it in his papers from 1966 and
1967 [6, 7]. In those papers he explained how
the change in color and background lightness
influences the manifestation of the effect.

Following Takasaki’s research, the scientist
Semmerloth found a model that proves the
quantitatively adequate explanation of Takasa-
ki’s crispening effect [8].

In their 2017 research, scientists Karimipour
and Gorji conclude the following: “According to
the results of a comparative test, the crispening
intensifies when two stimuli have just lightness
difference instead of just chromaticity differ-
ence” [9]. Furthermore, scientists Kane and Ber-
tamlio examine in their paper the perception of
light and the manifestation of the crispening
effect with the help of five different variations
of background lightness from 0% to 100% of il-
lumination, and they analyze the perception of
light and the evaluation of contrast [10].

When analyzing the manifestation of the
crispening effect, the aim is always to determine
how different changes in the lightness and col-
or of the background influence the perception
of the observer, and to determine the degree of
deviation of the same pattern which causes the
manifestation of the crispening effect and which
is shown on different media. With that aim in
mind, it was tried in advance with the help of
certain formulas to determine how strong the
crispening effect will be regarding the change in
the background lightness [11, 12].

The aim of each psychophysical visual research
is to determine in what way certain parameters
and to which degree their change affects the re-
spondent’s perception of perceptual attributes
and their colorimetric differences. In this paper,
it will be determined how great the shift in col-
or is during the manifestation of the chromatic

effect of crispening with the selected pairs of the
color of the primary and secondary stimuli, all
with the aim of predicting the intensity of the
effect presented on a particular medium.

2. Experimental part

In the experimental part of the research, sam-
ples that cause the manifestation of the crispen-
ing effect were made. The samples were made
as chromatic in the following way: as a second-
ary stimulus (background), a square painted in
the purple color was made; while for the prima-
ry stimulus (inner square), the blue-green color
was used. Four fields of secondary stimuli with
the initial secondary stimulus with the value
of 25% RTV were made, and each subsequent
secondary stimulus was increased by 25% RTV
(25% RTV, 50% RTV 75% RTV and 100%
RTV). Within that rectangle, there are two
smaller rectangles (primary stimuli) painted in
the blue-green color with the value of 55% RTV
for the left field and of 65% RTV for the right
field (Figures 1 to 4). The sample is considered
to be referential, and below the referential sam-
ple there was a test sample with the secondary
stimulus with a certain value (25% RTYV, 50%
RTV, 75% RTV and 100% RTV) and the blank
fields of the primary stimuli, in which the re-
spondents were supposed to enter the harmo-
nized values of the primary stimuli in order for
the primary stimuli to be the same or as similar
as possible to the referential primary stimuli.
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Figure 1. Test sample of the crispening effect
with the secondary stimulus of 25% RTV and the
primary stimuli of 55% RTV(left) and 65% RTV
(right)
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Figure 2. Test sample of the crispening effect
with the secondary stimulus of 50% RTV and the
primary stimuli of 55% RTV (left) and 65% RTV
(right)
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Figure 3. Test sample of the crispening effect
with the secondary stimulus of 75% RTV and the

primary stimuli of 55% RTV (left) and 65% RTV
(right)

Figure 4. Test sample of the crispening effect
with the secondary stimulus of 100% RTV and
the primary stimuli of 55% RTV (left) and 65%
RTV (right)

Samples were constructed in the Adobe Indesign
CS5 program, so that the primary stimuli had the
following Lab values: field of 55% RTV L = 77.00
a=-24.00 and b = -31, while the values of the ref-
erential primary stimulus of 65% RTV were L =
73.00,a =-29.00 and b = -36.00. The respondents
used one of the five visual evaluation techniques,
namely the technique of simultaneous binocular
harmonization [13] and they had the task to try
in the Indesign CS5 program to harmonize the
blank field of the test primary stimulus so that
it is the same or similar to the value of the field
of the referential primary stimulus located above
the test sample, while the backgrounds were in
the corresponding values of the RT'V (25% RTV,
50% RTYV, 75% RTV and 100% RTV) both on the
referential and the test sample.

As the test was done in the Indesign CS5 program
and as the limitation of the program is that the
measurement of the Lab value is rounded to the
integer, all values are expressed as whole numbers.

The evaluation of samples was carried out on a
Lenovo G580 laptop which has a LED blacklit
HD Vibrant View display, with a diagonal of
15.6” and a resolution of 1366x768. The carried
out experiment was in accordance with the ISO
3664: 2009 guidelines, meaning that the distance
of the respondents from the screen was 60 cm,
the viewing angle was 10°, while the evaluation
of the samples was carried out under the stan-
dard CIE D50 lighting. The time the respon-
dents had on their hands was unlimited.

The evaluation of the test samples was conducted
on a sample of 10 respondents (mixed female-male
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population, without experience in the evaluation
of such tests), the average age of 31 years. Prior to
the test, all respondents were subjected to a test of
defective color vision to ascertain whether they
were competent for this kind of research. Color
vision deficiency was verified with the help of the
Ishihara test which confirmed that all respondents
were 100% successful in the testing.

The results of the research are presented with
the help of the AE | formula.

AL=L,-L, .
AC,=C,, ~C

ab ab,

ab,s Q)

AH 'ab = [2 (CpsCls) i (%H
(3)

3. Research results and the
discussion of results

This part of the paper presents the results of the
research in a way that shows how great the devi-
ation of the AE | value of the referential sample
is in relation to the test sample. After the har-
monization carried out by the respondents, Lab
values were measured on all test samples in the
Indesign CS5 program with the help of the col-
or picker tool, and with the AE  formula it was
presented how great the deviation in color was
between the referential and the test samples.

Table 1 shows all Lab values individually, for all
ten respondents who harmonized the test pri-
mary stimuli with the referential primary stimuli
with the value of 55% RTV on all four variations
of the background - secondary stimuli with the
value of 25%, 50%, 75%, and 100% RTV.

The table also shows how great the deviation of
the AE | value between the referential and test
samples is for each individual respondent.

Table 2 shows all Lab values individually, for
all ten respondents who harmonized the test
primary stimuli with the referential primary
stimuli with the value of 65% RTV on all four
variations of the background - secondary stim-
uli with the value of 25% RTYV, 50% RTV, 75%
RTV and 100% RTV.
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The table also shows how great the deviation of
the AE , value between the referential and test
samples is for each individual respondent.

In the following part of the paper, it is graphi-
cally shown (Figures 5 to 8) what the measured
deviation of the AE  value is for all ten respon-
dents on the primary stimulus with the value of
55% RTYV, and it is done for each variation of
the background individually.

Primary stimuli 55% RTV (secondary stimuli 25% RTV)

AE00
ES

1 2 3 4 5 6 7 8 9 10
RESPONDENTS

Figure 5. An overview of the deviation of AE  for
each respondent on a background of 25% RTV
for the primary stimulus of 55% RTV

In the above shown Figure 5, where the respon-
dents harmonized the primary stimulus of 55%
RTYV, and the secondary stimulus is that of 25%
RTYV, it can be seen that the greatest deviation
was recorded with the respondent 1, while the
smallest deviation was recorded with the re-
spondent 6, where basically no deviation was
recorded because the respondent correctly har-
monized the values of the test primary stimulus
with the referential sample.

Primary stimuli 55% RTV (secondary stimuli 50% RTV)

1 2 3 4 5 6 7 8 9 10
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Figure 6. An overview of the deviation of AE  for
each respondent on a background of 50% RTV
for the primary stimulus of 55% RTV

Table 1. An overview of the assigned Lab values of test samples for the primary stimulus of 55% RTV on

all four variations of the secondary stimulus

25% RTV 50% RTV 75% RTV 100 % RTV

Respondents| L a b | AE| L a b AE | L a b | AE| L a b | AE
1 8 | -16 | -21 | 7.56 | 83 | -17 | -22 | 617 | 78 | -22 | -29 | 1.28 | 82 | -19 | -24 |4.82
2 74 | <27 | -34 | 2.65| 74 | -27 | -34 | 2.65| 74 | -27 | -34 | 2.65| 74 | -27 | -34 |2.65
3 73 | -29 | -36 | 382 | 75 | -26 | -33 | 1.76 | 77 | -24 | -31 0 75 | 26 | -34 | 1.91
4 75 | 26 | -34 | 191 | 76 | -25 | -32 | 088 | 76 | -26 | -33 | 124 | 74 | -24 | -34 | 2.65
5 73 | -29 | -36 | 382 | 74 | -28 | -35 | 295 73 | -29 | -36 |3.82| 73 | -29 | -36 |3.82
6 77 | -24 | -31 0 78 | -23 | -30 | 0.88 | 77 | -24 | -31 0 77 | -24 | -31 0
7 76 | -25 | -32 | 088 | 76 | -25 | -32 | 088 | 77 | -24 | -31 | O 75 | -26 | -33 | 1.76
8 71 | -31 | -38 | 556 | 75 | -26 | -34 | 191 | 74 | -27 | -34 | 2.65| 75 | -26 | -34 | 1.91
9 75 | 26 | -33 | 1.76 | 76 | -25 | -32 | 088 | 74 | -27 | -34 | 2.65| 77 | -24 | -31 0
10 77 | -24 | -30 | 042 | 78 | -23 | -29 | 1.09| 77 | -24 | -30 | 042 | 77 | -24 | -30 |0.42

Table 2. An overview of the assigned Lab values of test samples for the primary stimulus of 65% RTV on

all four variations of the secondary stimulus

25% RTV 50% RTV 75% RTV 100 % RTV

Respondents| L a b AE L a b AE L a b AE L a b AE
1 74 -27 | -35 | 1.11 | -78 | -23 | -30 | 4.7 77 -24 | -30 | 3.97 | 76 -25 | <32 1294
2 71 -31 | -37 | 1.89 | 71 -31 | -37 | 1.89 | 71 -31 | -37 | 1.89 | 71 -31 | -37 | 1.89
3 69 -33 | 41 | 3.64| 71 -31 | -38 | 1.76 | 73 -29 | -36 0 71 -31 | -38 | 1.76
4 70 -32 | 40 | 2.76 | 73 -29 | -36 0 72 -29 | 237 1084 | 71 -31 | -38 | 1.76
5 67 -37 | -44 | 5.77 | 69 -34 | -42 | 3.88 | 68 -35 | -43 | 476 | 67 -36 | -44 | 5.64
6 72 -30 | -37 | 0.88 | 76 =25 | 232 1294 74 =37 | 34| 1.2 74 -37 | -34 | 1.20
7 73 -28 | -35 1047 | 73 -29 | -36 0 75 -26 | -33 | 2.06 | 73 -28 | -35 1047
8 65 -40 | -46 | 7.67 | 70 -33 | -40 | 2.89 | 67 -37 | -44 | 5.77 | 69 -34 | -42 | 3.88
9 67 | -37 | -44 | 277 | 71 | -31 | -39 | 1.89| 72 | -30 | -37 | 0.88 | 70 | -33 | -40 |2.89
10 75 | 26 | 34 | 196 | 74 | -27 | -35 | 111 | 72 | -29 | -37 | 0.84 | 74 | -28 | -35 | 0.87
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In Figure 6, where the primary stimulus had
the value of 55% RTV and the secondary of
50% RTYV, it can be seen that the greatest de-
viation, as it was the case with the previous
overview, was recorded with the respondent 1,
while the smallest deviation of the test stimulus
in relation to the referential stimulus was re-
corded with the respondents 4, 6, 7 and 9 who
had identical values.

Primary stimuli 55% RTV (secondary stimuli 75% RTV)

5 6 7 8 9 10
RESPONDENTS

Figure 7. An overview of the deviation of AE for
each respondent on a background of 75% RTV
for the primary stimulus of 55% RTV

Figure 7 shows the harmonization of the pri-
mary stimulus of 55% RTV, where the second-
ary stimulus had the value of 75% RTV, and
it can be seen that the greatest deviation was
measured with the respondent 5, whereas the
smallest deviation of the test stimulus in rela-
tion to the referential stimulus was recorded
with the respondents 3, 6 and 7, where there is
no deviation.

Primarni stimuli 55% RTV (sekundarni stimuli 100% RTV)
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Figure 8. An overview of the deviation of AE for
each respondent on a background of 100% RTV
for the primary stimulus of 55% RTV

In Figure 8, where the primary stimulus had
the value of 55% RT'V and the secondary stim-
ulus of 100% RTYV, it is observed that the great-
est deviation was recorded with the respondent
1, while the smallest deviation was recorded
with the respondents 6 and 9 who harmonized
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the test stimulus identically with the values of
the referential stimulus.

In the following part of the paper, it is graph-
ically shown (Figures 9 to 12) what the mea-
sured deviation of the AE | value is for all ten
respondents on the primary stimulus with the
value of 65% RTV, and it is done for each varia-
tion of the background individually.

Primary stimuli 65% RTV(secondary stimuli 25% RTV)
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Figure 9. An overview of the deviation of AE  for
each respondent on a background of 25% RTV
for the primary stimulus of 65% RTV

Figure 9 shows the harmonization of the prima-
ry stimulus of 65% RTYV, where the secondary
stimulus had the value of 25% RTYV, and it can
be seen that the greatest deviation was recorded
with the respondent 8, while the smallest devi-
ation was recorded with the respondent 7.

5 Primary stimuli 65% RTV (secondary stimuli 50% RTV)

1 2 3 4 5 6 7 8 9 10
RESPONDENTS

Figure 10. An overview of the deviation of AE |
for each respondent on a background of 50%
RTV for the primary stimulus of 65% RTV

In the above shown Figure 10, where respon-
dents harmonized the primary stimulus of 65%
RTV and the secondary stimulus had the val-
ue of 50% RTYV, it can be seen that the greatest
deviation was recorded with the respondent 1,
while the smallest deviation was recorded with
the respondents 4 and 7, where there is actually
no deviation as they correctly harmonized the
values of the test primary stimulus with the ref-
erential sample.
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Primary stimuli 65% RTV (secondary stimuli 75% RTV)
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Figure 11. An overview of the deviation of AE |
for each respondent on a background of 75%
RTV for the primary stimulus of 65% RTV

In Figure 11, where the primary stimulus had
the value of 65% RTV and the secondary stim-
ulus of 75% RTYV, it is observed that the great-
est deviation was recorded with the respondent
8, while the smallest deviation was recorded
with the respondent 3 who harmonized the test
stimulus identically as the referential stimulus.

Primary stimuli 65% RTV (secondary stimuli 100% RTV)

RESPONDENTS

Figure 12. An overview of the deviation of AE |
for each respondent on a background of 100%
RTV for the primary stimulus of 65% RTV

Figure 12 shows the harmonization of the
primary stimulus with the value of 65% RTYV,
where the secondary stimulus had the value
of 100% RTYV, and it can be observed that the
greatest deviation was recorded with the re-
spondent 5, while the smallest deviation of the
test stimulus in relation to the referential stim-
ulus was recorded with the respondent 7.

In the following graphs (Figures 13 to 16) it
is shown how great the deviation of all ten re-
spondents is for every primary stimulus with
the value of 55% RTV and 65% RTV on all four
variations of the secondary stimuli.

[ IPrimary stimulus 55% RTV
10 Primary stimulus 65% RTV
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Figure 13. An overview of the measured values
of AE  for all respondents for the primary stimuli
with the value of 55% RTV and 65% RTV on a
background of 25% RTV

In Figure 13, the ratio of the comparison of the
test primary stimuli of 55% RTV and 65% RTV
for all ten respondents on a background of 25%
RTV can be seen. It can be observed from the
Figure that the respondents had nearly identi-
cal results in the harmonization of the primary
stimuli of 55% RTV and 65% RTV. Namely, the
sum of the AE  value for the test primary stim-
ulus of 55% RTV is 28.38, while the sum of the
AE, value for the test primary stimulus of 65%
RTV is 28.92.

Primary stimulus 55% RTV
Primary stimulus 65% RTV
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Figure 14. An overview of the measured values
of AE  for all respondents for the primary stimuli
with the value of 55% RTV and 65% RTV on a
background of 50% RTV

In Figure 14, the ratio of the comparison of the
test primary stimuli of 55% RTV and 65% RTV
for all ten respondents on a background of 50%
RTV can be seen. It can be observed from the
Figure that the respondents had very similar
results in the harmonization of the primary
stimuli of 55% RTV and 65% RTV. Namely, the
sum of the AE  value for the primary stimulus
of 55% RTV is 20.05, while the sum of the AE |
value for the primary stimulus of 65% RTV is
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21.06. It can be observed that during the har-
monization of the test primary stimulus of 65%
RTYV, the respondents showed slightly higher
oscillations than during the harmonization of
the test primary stimulus of 55% RT'V, except
for the respondent 1, who showed the greatest
extreme with the test primary stimulus of 55%
RTV.

[ IPrimary stimulus 55% RTV
_____ Primary stimulus 65% RTV

.
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Figure 15. An overview of the measured values
of AE  for all respondents for the primary stimuli
with the value of 55% RTV and 65% RTV on a
background of 75% RTV

In Figure 15, the ratio of the comparison of the
test primary stimuli of 55% RTV and 65% RTV
for all ten respondents on a background of 75%
RTV can be seen. It can be observed from the
Figure that the respondents had significantly
better results in the harmonization of the pri-
mary stimuli of 55% RTYV in relation to the pri-
mary stimuli of 65% RTV. Namely, the sum of
the AE ; value for the test primary stimulus of
55% RTV is 14.71, while the sum of the AE
value for the test primary stimulus of 65% RTV
is 22.21.

Primary stimulus 55% RTV
Primary stimulus 65% RTV

Figure 16. An overview of the measured values
of AE for all respondents for the primary stimuli
with the value of 55% RTV and 65% RTV on a
background of 100% RTV
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Figure 16 shows the ratio of the comparison of
the test primary stimuli of 55% RTV and 65%
RTV for all ten respondents on a background
of 100% RTV. It can be observed from the Fig-
ure that the respondents had lower oscillations
in the harmonization of the primary stimuli of
65% RTV in relation to the primary stimuli of
55% RTV. However, it can also be observed that
during the harmonization of the test primary
stimulus of 55% RTYV, the respondents were
closer to the required values of the referential
primary stimulus of the same value. Namely,
the sum of the AE | value for the test primary
stimulus of 55% RTV is 19.94, while the sum of
the AE | value for the test primary stimulus of
65% RTV is 23.30.

4, Conclusion

Any manifestation of background psychophys-
ical visual effects is undesirable in any form.
The greatest distortion in color perception oc-
curs in background effects with a certain com-
bination of complementary color pairs. In this
case, it was a combination where the primary
stimulus was in the blue-green color and the
secondary stimulus in the purple color. The
vast majority of respondents had a problem
in harmonizing the colors of the test primary
stimuli with the colors of the referential prima-
ry stimuli precisely because of the change in the
intensity of the background color that varied.

Overall, considering the results of all ten re-
spondents, there is a smaller difference in the
deviation between the referential and the test
stimulus on the samples where the primary
stimulus has the value of 55% RTV compared
to the primary stimulus of 65% RTV on all val-
ues of background variations.

The respondents showed the smallest differ-
ence in the case of the primary stimulus with
the value of 55% RTV on a background of 75%
RTV, while the greatest difference was observed
in the case of the primary stimulus with the val-
ue of 65% RTV on a background of 25% RTV.

Recommendations for designers when creating
conceptual solutions that contain a color com-
bination as was the one in this research would
be to avoid, if possible, using complementary
pairs of colors in a geometric form that was
used in this research. If the customer requires
using the combination of the purple color as a
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secondary stimulus and the blue-green color as
the primary stimulus, it is best to use the values
of the color ratio that were shown in this paper
to have the smallest shift in the manifestation
of color on the perception of the observer.
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