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toric color palette of Valencia as studied by the Color Research Group in Architec-
ture of the Universitat Politécnica de Valéncia. The study consisted of the
evaluation of 108 color pairs painted on physical cardboards, rated by 26 female
students (average age 26.5), under natural lighting conditions, and using the Nat-
ural Color System (NCS) Color Atlas for the color match. Results indicate that
induced colors have lower NCS blackness compared with nominal ones, and
slightly higher or no NCS chromaticness shift. Nominal colors with low chroma-
ticness exhibit an important hue induction effect and tend to shift to a hue that is
located opposite to that of the background color in the NCS color circle, this effect
being larger when the background has a warm color. The induction effect is larger
when ornamental elements and background have similar nominal NCS black-
ness, and different nominal NCS chromaticness,with nominal hue difference no
significant in the induction effect. The colors of ornamental elements that entailed
greater induction were those with the lowest NCS chromaticness, and in the case
of the background color, those with the highest chromaticness.
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1 | INTRODUCTION

1.1 | The Color Research Group
in Architecture at Universitat Politécnica
de Valéncia

Color in architecture has been frequently underesti-
mated, possibly due to a misunderstanding of its role in
the so-called Modern Movement, which proposed a radi-
cal renewal of formal architectural principles in the
1920s. The image of a white, abstract, and conceptual
architecture was a distorted ideological reconstruction of
modern avant-garde architecture. In Spain, this biased
vision of the role of color in modern architecture was
extrapolated to the historic city centers. The consequence
was a generalized process of urban degradation and
building substitution that would only be reversed at the
beginning of the 1980s with democracy and citizen
participation.

From this moment on, it was necessary to generate
new methodologies to evaluate the architecture of the
Spanish historic city centers and to set the intervention
criteria to recover their urban image. It is within this
framework that in 1991 the Grupo de Investigacion del
Color en Arquitectura (GICA) of the Universitat Politéc-
nica de Valéncia (UPV) was founded, with a team of aca-
demics in Architecture and Fine Arts, led by Professor
Angela Garcia-Codofier. The bases of the GICA-UPV
color restoration methodology during these 30 years have
been: (1) A deep historic analysis of the cities, aimed at
understanding the original conditions of the buildings
and the chromatic and material culture prevailing at the
time of their construction; (2) The use of reliable labora-
tory analysis of the materials and pigments, to determine
construction techniques that effectively replicate the
material characteristics of historic buildings; (3) A typo-
logical analysis of existing buildings and determination of
the specific chromatic ranges for each type and neighbor-
hood, preserving the complexity of historic cities and
avoiding a false simplifying homogeneity; and (4) A wide
dissemination activity in the scientific field, and also
among the general population, to familiarize the resi-
dents with the cultural richness linked to the colors of
the historic scene.

In these 30 years, the GICA-UPV has developed dif-
ferent projects: (1) Comprehensive color plans for the his-
toric city centers of cities such as Valencia, Cartagena,
Ontinyent, Segorbe, Burriana; (2) Chromatic regulations
to avoid distortions in the urban scene; (3) Color studies
in areas with high heritage value, such as the Old Square
in Havana (Cuba), the Rua da Junqueira in Lisbon, or
the Leprosery of St. Francisco de Borja in Fontilles
(Alicante), among many others; (4) Color interventions

in more than 30 protected buildings, ranging from those
declared Sites With Cultural Interest, to more modest pri-
vate buildings. At the same time, several books have been
published, with national and international editorials, and
the scientific results have been presented at international
fora, with more than a hundred communications and
papers.

1.2 | Figure and background colors on
the facades of historic buildings

The formal composition of the facades of historic archi-
tecture is directly related to the circumstances of when
the building was erected. The economic situation, the
social relationships or the stylistic trends of the time,
characterize architecture. In this sense, in the historic
city center of Valencia, we can group the facades into sev-
eral typologies studied in depth by the GICA-UPV such
as artisan, classicist, eclectic, modernist, and so forth.!
These typologies have particular formal characteristics
and thus specific color ranges. Nevertheless, the composi-
tions of these facades have common features, all of which
contain large painted wall surfaces, with smaller orna-
mental elements superimposed on them: cornices, mold-
ings surrounding doors and windows, pilasters, corbels,
and so forth. It is normal that the chroma of the orna-
mental elements is lower than the background color,
their value medium, and appear in a light brownish/gray
color. Generally speaking, ornamental elements attempted
to mimic the colors of the local stones, with the aim of
bringing some magnificence to the buildings. On the
other hand, the background color, or main color of a
building, was traditionally linked to the mineral pig-
ments that were locally available, being more chromatic
and slightly darker than the ornaments. Colored plasters
were the most economic and readily available means to
protect the walls from the harshness of the weather con-
ditions and to dignify architecture.

Unfortunately, there are still professionals who forget
the distinction between ornaments and background dur-
ing the restoration of a historic facade, and paint the
whole building in one simple color, white or gray, with
the excuse of a misunderstood modern trend. Monochro-
matic facades provide a wrong interpretation of historic
architecture, in which color was displayed for a better
expression of the formal composition of the facade.

This was the case of the Palacete Burgos, a private
dwelling built in Valencia in 1921 by architect Javier
Goerlich, that had been painted monochromatic in a pre-
vious and inappropriate architectural intervention. When
the GICA-UPV was asked to make the color restoration
in 2020, remains of different colors in numerous areas of
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the facades were found. After a color analysis in labora-
tory, the GICA-UPV opted to recover the original poly-
chromy, the one corresponding to the color characteristics
of the eclectic Valencian architecture (Figure 1). Neverthe-
less, during the restoration process of this facade, the
colors selected for the ornamental elements seemed differ-
ent on the painted facade, surrounded by the background
color, compared with those same colors observed in isola-
tion on the color chart, what is a common occurrence. Dif-
ferent factors influence this shift in color perception, but
the color induction effect is particularly important. To
solve this problem, professionals usually apply color sam-
ples directly on the facades and make the selection onsite.
This can be a difficult, time-consuming task and requires
many attempts to achieve an adequate result.

As a result, it is important to study the influence of
the color induction effect of background colors on the
perception of the colors of ornamental elements, specifi-
cally for the color palette of the historic city center of
Valencia. This will allow to predict the shift of the colors
of the ornamental elements on the facades, when com-
pared with their observation in isolation.

1.3 | The problem of color induction in
architecture

The perception of a uniform color in urban context is
influenced by multiple factors, including lighting, obser-
vation distance, surface extent, object geometry, and so
forth.?***> One of the most widely known and studied
phenomena that influence the perception of a color in its
context is simultaneous contrast, also known as color
induction. As a result of this effect of chromatic interac-
tion, “a color will be seen differently depending on the
influence of the color of the surrounding area.”>®* The
appearance of a sample color observed in isolation

FIGURE 1 Left: Exterior of
Palacete de Burgos (1921), an
eclectic building by architect
Javier Goerlich Lled, Valencia
(Spain). Photo August 2020.
Right: Exterior after restoration
of the original colors by GICA-
UPV, with the grayish color of
ornamental elements
emphasized on the ocher
background; architectural
project by Javier Hidalgo.
Photo: 2021.

RESEARCH AND APPLICATION

(nominal color), will be seen differently (induced color),
since it is influenced by the surrounding color (inducing
color).

There is no consensus regarding the causes of the
phenomenon of color induction nor about the extent of
the changes perceived by an average observer. However,
there are several color appearance models and theories
that try to explain, predict and measure chromatic induc-
tion, such as the Hunt Model,*®?*® the Kirschmann's
laws, the direction law proposed by Ekroll and Faul,” and
the complementary law. Kirschmann's fourth law
describes the relationship between the magnitude of
simultaneous contrast and the saturation of the sur-
rounding color, stating that “the level of contrast between
a color and a gray of the same lightness grows with the
saturation of the inducing field,”® but recent research
demonstrate that “the form of the relationship between
simultaneous color contrast and inducer saturation
depends on the method of measurement.”” The direction
law affirms that the perceived color of any element set
over a uniform surrounding color, moves away from the
color of the surrounding along the path of the line plot
between the surrounding color and its own.’ This model
does not provide the magnitude of this change, but only the
direction. Something similar is indicated with the comple-
mentary law, which establishes that the change in the per-
ceived color moves parallel to the line that unites the
surrounding color and the neutral point of the CIE chroma-
ticity diagram.

Of special interest is the experiment by Ratnasingam
and Anderson conducted in the School of Psychology of
the University of Sydney.® They developed and tested a
method for assessing simultaneous contrast, while avoid-
ing the methodological issues that arise with nulling and
matching experiments and diminishing the contribution
of temporal adaption to the results. They demonstrated
that the perceived difference, for any randomly chosen
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surroundings, increases when the sample is placed on the
line that unites both surroundings in the color space; at
the same time, the induction magnitude is larger when
the sample and surrounding colors share the same hue.

In the field of architecture and design, many special-
ists studied the effect of simultaneous contrast and the
relativity of color appearance depending on the context.
Of note is the artistic and theoretical works by Joseph
Albers, particularly his book Interaction of Color,” first
published in 1963, an essential reference on color theory
for architects and designers (Figure 2). Subsequent spe-
cialists continued the research of color interactions in
architecture'® and current architectural firms continue
working with the artistic possibilities of such color inter-
actions in interior architecture or urbanscape, such as the
German firm Sauerbruch Hutton Architects.'’ A remark-
able color induction effect can be experienced in the res-
taurant Red-Light Yokohama in Kanagawa (Japan,
2010), by Yasutaka Yoshimura Architects,'* in which vis-
itors can observe an induced red color in a completely
white room.

2 | OBJECTIVES

As indicated earlier, in the restoration of the facades of
historic architecture, it is usual to find remnants of more
than one color of paint and the use of polychromy to dis-
tinguish ornamental elements from the large wall surface
that serves as a background. As researched by the GICA-
UPV color group, in the case of the colors of Valencia's

FIGURE 2
exercises from Interaction of Color, Juan Serra, 2022. The interior

Example of color induction after Joseph Albers’

double Xs have the same nominal color but seem different.
Moreover, because of color induction, the X on the left is similar to
the background on the right, and the X on the right is similar to the
background on the left.

historic city center, ornamental elements tended to be
neutral colors similar to sandstones (with low chromatic-
ness and middle blackness) surrounded by more vivid
colors (with higher chromaticness and blackness).
Because of the characteristics of these color ranges, it is
usual that the colors of the ornaments are perceived dif-
ferently on the painted facade when surrounded by the
background color, compared with those same colors
observed in isolation on the color chart during the resto-
ration process. Instead of the perception of a neutral
earthy color, similar to local sandstone colors, some
unpleasant effects may occur of color shifts into dull blu-
ish or pinkish grays. Several factors influence this shift in
color perception. However, it is the color induction effect
that is particularly important, which is the influence of
the color of the surrounding area on the perception of an
ornamental color. To solve this during the restoration
process, professionals apply samples of colors directly on
the facades and conduct a visual adjustment that many
times is difficult, time-consuming and requires several
attempts to achieve a good result. Therefore, the effect of
color induction in architectural restoration remains a
critical issue.

For these reasons, the objective of this research is to
predict how the nominal color of an ornamental ele-
ment would be perceived when set on the facade of a
building, surrounded by different background colors,
due to the color induction effect, and considering the
colors of traditional architecture of the historic city cen-
ter of Valencia. The objective is to study the induction
effect on the ornamental elements considering the three
perceptual variables that describe a color in Natural
Color System (NCS) independently (hue, blackness,
chromaticness), and holistically as a global induction
effect (hue + nuance). Another objective is to assess the
influence that the similarity/difference in NCS attributes
between ornamental colors and background colors have
in the induction of the ornamental colors. Finally, the
objective is to identify those color pairs from the tradi-
tional color palette of Valencian architecture with more
induction effect, the background colors that entail more
induction, and the ornamental colors that go through
greater color shifts.

3 | MATERIALS AND METHODS

For the development of the study, some colors belonging
to the color palette of the historic city center of Valencia
and studied by the GICA-UPV were selected. The
criteria for the color selection were to have a representa-
tion of some of the most common colors in the different
neighborhoods, and to have a wide variety of different
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hues in the color circle. A total of 21 colors were selected,
9 colors that were commonly used for the ornamental
elements or figure colors, and 12 colors that were used
for the surfaces of the wall or background colors
(Table 1). In a light box illuminated with a D65 standard
lighting, the 21 selected colors were denoted in NCS,
observing each color in isolation, and matching with a
NCS Color Pin and a double check with the NCS Color
Atlas by two experts. The notation of these colors in isola-
tion was labeled NCS nominal color.

These colors were displayed uniformly on the sur-
face of cardboards using exterior paints provided by
the Valencian company ISAVAL. The dimensions
of the cardboards for the background colors were
300 x 150 mm and the dimensions of the cardboards for
the figure colors were 75 x 50 mm. Every figure color
was placed on the center of every background color
obtaining a total amount of 108 color pairs that were ran-
domly distributed on nine panels with 12 color pairs each
(Figure 3).

The color panels were displayed vertically in an exte-
rior terrace placed at the Valencia School of Architecture.
The exterior terrace was covered on the top and two sides
and had two open sides oriented to south and west, in
such a way that the vertical wall received natural lighting
but not direct sunlight. The experiment was developed
on January 18, at 14:58:58 (time zone GMT+1).

The natural lighting on the cardboard surface was
measured with a spectrometer Lighting Passport TM
(©2021 Asensetek Canada Inc.). The lighting parameter

TABLE 1 NCS nominal colors of the 9 colors selected for the
ornamental elements and the 12 colors selected for the
backgrounds, from the color palette of the historic city center of
Valencia.

Ornamental elements
nominal colors
NCS S 3502-Y

. NCS S 3010-Y10R
. NCS S1010-Y20R
. NCS S 2010-Y30R
. NCS S 3020-Y40R
. NCS S 3005-Y50R
. NCS S 2020-Y60R
. NCS S 2010-B10G
. NCS S 2010-G90Y

Background
nominal colors

01. NCS S2060-Y10R
02. NCS S 3050-Y20R
03. NCS S 2040-Y30R
04. NCS S 3040-Y40R
05. NCS S 4040-Y50R
06. NCS S 4040-Y60R
07.NCS S 4050-Y70R
08. NCS S 3010-Y80R
09. NCS S 2020-B90G
10. NCS S 0515-G20Y
11. NCS S 2020-G30Y
12. NCS S 3030-G90Y

© ® N U kA W N

Note: Notation in Natural Color System.
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analysis report indicated an average Correlated Color
Temperature of 6940 K, and an average Color Rendering
Index of 94, which were considered adequate lighting
parameters for a color evaluation with natural lighting
(Table 2).

The color pairs were evaluated by 26 female students
of architecture at Master Level, aged between 22 and
36 (Average Age 26.5; Standard Deviation SD = 3.6), who
reported no color blindness after a general evaluation
with a free online color blindness test, based on the
Farnsworth Munsell Hue Test.'> Each observer was
invited to evaluate two panels with 12 color pairs each,
so every pair was evaluated by five different people. For
each color pair, the observer was asked to match the
figure color with the adequate color of the NCS Color Atlas.
The color pairs were displayed vertically at two meters of
distance from the observer, who was standing. The NCS
Color Atlas was displayed on a table in front of the
observer, and was observed under approximately similar
lighting conditions of the samples. Every observer had a
gray cardboard mask (NCS S 5000-N) to isolate the colors
of the NCS Atlas and observe them individually. A gray
background that is usual in color induction studies, was
selected instead of the white, normal for NCS color selec-
tion, considering that gray might reduce the effect of
blackness induction in the color selection. With the help
of an online questionnaire in Google Forms, participants
wrote down the colors in NCS and an anonymized data-
base in Microsoft Excel format was obtained and studied
with IBM SPSS® software.

3.1 | Description of the variables

The observed figure color in NCS was labeled induced
color since it was evaluated in interaction with the sur-
rounding background color, and therefore was subject to
color induction. The effect of the color induction was
evaluated as the difference between the nominal color
and the induced color in NCS.

The NCS notation of every color was segmented into
the three variables of the system, corresponding to black-
ness [0, 100], chromaticness [0, 100], and hue. The NCS
hue was converted into angular degrees following the
centesimal system with values between 0 and 400, with
0 corresponding to Red, 100 to Yellow, 200 to Green,
300 to Blue, and 390 to R10B.

The average induced color in every color pair is
obtained as the arithmetic average of the observations
of such a figure color on such a background color
(Section 4.1). The average induced color had three
variables: blackness, chromaticness and hue. To cal-
culate the average blackness, the result was set as
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TABLE 2 Lighting parameter analysis report.

FIGURE 3 The nine figure
colors were tested on

12 background colors, resulting
in 108 color pairs randomly
distributed on nine panels.

CIE_x CIE_y CIE_u’ CIE_V
Measure 1 0.3031 0.3146 0.1965 0.4590
Measure 2 0.3115 0.3212 0.2000 0.4639
Range 0.0084 0.0065 0.0034 0.0049
Average 0.3073 0.3179 0.1982 0.4614

ccT Duv CRI (Ra) CRI (Re)
7240 K 0.0008 96 94
6641 K —0.0002 95 94
600 K 0.0010 1 1
6940 K 0.0003 96 94

BlcKayerage = (BIck; + Blck,... + Blck,,)/n; for chromaticness
average Chrmgyerage = (Chrmy + Chrm,... 4+ Chrm,,)/n; and
for hue average Hue,erage = (Hue; + Hue,... 4+ Hue,)/n,
being n the total amount of observations for each figure
color onto a given background color.

The induction effect in every color pair was obtained as
the difference between the average induced color and the
nominal color, for such a color figure observed onto a
given color background (Section 4.2). The induction effect
was calculated with four variables: blackness, chromaticness,
nuance (blackness + chromaticness) and hue. We did not
quantify the variable NCS whiteness, but it has a linear rela-
tionship with the nuance, being whiteness = 100-nuance.
For the calculation of blackness difference, the result was set
as Blckyigrerence = BlcKinduced— BlCKnomina; for chromaticness
difference Chrmg;gerence = Chrmypgucea— Chrmyomina; for hue
difference as Hu€gigerence = ABS (hu€jnduced—hU€nominar); and
for nuance difference Nuangigerence = ABS  (BlcKgiference)
+ ABS (Chrmgifference), being ABS the absolute value of
the numbers.

The influence of the similarity/difference between figure
and background nominal colors in the induction effect was
evaluated (Section 4.3). With the help of IBM SPSS® soft-
ware, an analysis of variance with Pearson correlation for
the NCS variables of hue, blackness and chromaticness,
was developed.

With the aim to order the 108 color pairs, from those
with the greatest induction effect, to those with the least,
it was necessary to group together the induction effect
corresponding to the independent variables blackness,
chromaticness and hue, and with the difficulty that these
three variables have a different range, [0-100] for black-
ness and chromaticness, and [0-400] for hue. The solu-
tion was to divide the color pairs into four groups
according to their nuance difference, giving a value of +4
to those in the first quartile and therefore with greater
nuance difference, and respectively +3 to those in the
second quartile, +2 in the third, +1 in the fourth, and
0 to those with no nuance difference between nominal
and induced color. The same was conducted for the
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hue difference, giving a value of +4 to those in the first
quartile and therefore with greater hue difference, and
respectively +2, +1, and 0 to those with no hue differ-
ence between nominal and induced color. The addition
of these two values that depend on the nuance and hue
difference positions, allowed to obtain a global induction
effect with a value between 0 and 8 for each color pair,
and to order the 108 color pairs from those with the
greatest induction effect to those with the Ileast
(Table Al). A particular study of those color pairs that
entailed greatest induction effect (those with a global
induction effect between 6 and 8) was developed, plotting
the results on the NCS color circle and on the NCS
nuance triangular figure (Section 4.4).

4 | RESULTS

41 | Average induced color

The average induced colors of the ornamental elements
were calculated for the three NCS attributes blackness,
chromaticness and hue (Table 3). Regarding blackness,
the nine figure colors have nominal NCS blackness that
ranges from 10 to 35, and their average induced NCS
blackness from 5 to 27 in the 108 color pairs. The SD of
the average induced NCS blackness ranges from 0 to
14, and just in 14 cases (13%) NCS blackness SD is >10,
which is the minimum blackness distance between adja-
cent standard colors in the NCS Atlas. In general,
induced colors have lower NCS blackness compared with
nominal and this effect is larger in darker nominal colors,
those with higher blackness. Moreover, the highest SD,
and so the largest dispersion in the evaluation of induced

TABLE 3

RESEARCH AND APPLICATION

blackness, is produced for the figure colors with higher
nominal blackness (Table 3).

The nine figure colors selected have nominal NCS
chromaticness from 5 to 20, and the average induced
NCS chromaticness ranges from 4 to 35, in the 108 color
pairs. The SD of the average induced NCS chromaticness
ranges from 1 to 17, and just in seven cases (6.48%) NCS
chromaticness SD is >10, which is the minimum chroma-
ticness distance between adjacent standard colors in the
NCS Atlas. In general, induced colors have slightly
higher NCS chromaticness or no chromaticness shift
compared with nominal, and this effect is greater in
bolder nominal colors, those with higher chromaticness.
The highest SD, and so the greatest dispersion in the
evaluation of chromaticness, is produced for the figure
colors with higher nominal chromaticness (Table 3).

The nine figure colors selected have nominal NCS
hue placed between 40 and 290, and the average induced
NCS hues from 17 to 330, in the observations of the
108 color pairs. The SD of the average induced NCS hue,
ranges from 0 to 190 steps in NCS color circle. In 12.9%
(n = 14) of the 108 color pairs, the SD of average induced
hue has been 0 hues; in 55.5% (n = 60) SD € [10,40]; in
13.8% (n=15) SD € [50,80]; 12.9% (n=14) SD €
[90130], and in 4.6% (n = 5) SD € [140,190]. Therefore,
there is a great dispersion in the answers of observers
when evaluating the NCS hue of figure colors, particu-
larly for color NCS S 3005-Y50R (Table 3).

4.2 | Induction effect

The induction effect in every color pair has been calcu-
lated as the difference between the average induced color

Nominal NCS blackness, chromaticness and hue angle, together with the average induced NCS blackness, chromaticness and

hue angle, with indication of the standard deviation, for the nine figure colors.

Nom. Ind. Diff. SD

Figure color Nom. Ind. Diff. SD. Nom. Ind. Diff. SD Hue Hue Hue Hue
[NCS] Black (%) Black (%) Black. (%) Black (%) Chr. (%) Chr. (%) Chr. (%) Chr. (%) [0,400] [0,400] [0,200] [0,400]
S 3502-Y 35 22.7 —-12.2 9.17 2 7.42 5.42 3.67 100 203 103 130
S 3010-Y10R 30 14.5 —15.5 5.83 10 10.42 0.42 4.75 90 187 97 177
S1010-Y20R 10 6.2 -3.7 2.67 10 9.83 -0.17 4.17 80 129 49 85
S 2010-Y30R 20 8.2 -11.7 3.25 10 11.33 1.33 4.67 70 113 43 58
S 3020-Y40R 30 24.1 -59 9.25 20 17.25 -2.75 6.25 60 150 107 193
S 3005-Y50R 30 21.2 —8.8 8.58 5 7.00 2 3.08 50 167 190 183
S 2020-Y60R 20 7.8 —-12.2 3.08 20 20.50 0.5 8.50 40 91 51 128
S 2010-B10G 20 6.6 —-13.4 2.83 10 14.33 4.33 6.08 290 235 54 47
S 2010-G90Y 20 7.7 —-12.2 3.33 10 8.75 —-1.25 3.42 110 174 64 93

Note: Bold indicates those figure colors with a greater dispersion in the assessment.
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and the nominal color, for such a color figure observed
onto a given color background. The induction effect has
been calculated separately for blackness, chromaticness,
hue, nuance, and holistically as a global induction effect.

The NCS blackness induction ranges from 0 to 24, in
the observations of the 108 color pairs. A total of 65.7%
(n = 71) figure colors, have an induction effect >10 NCS
blackness, which is the minimum to have a shift between
adjacent standard colors in NCS atlas. On the other hand,
the NCS chromaticness induction ranges from 0 to 21, in
the observations of the 108 color pairs. Just 7.4% (n = 8)
figure colors, have an induction effect >10 NCS chroma-
ticness, which is the minimum to have a shift between
adjacent standard colors in NCS atlas. Therefore, the
induction effect is more important in the evaluation of
the NCS blackness of a figure color and not in the NCS
chromaticness.

The NCS nuance (blackness + chromaticness) can
have a value from 10 to 90 in NCS atlas, with a maximum
nuance difference possible of 80. The Nuance Induction
ranges from 0 to 31 in the observation of the 108 color
pairs. In 21.3% (n = 23), Nuance Induction € [0-9]; in
56.5% (n = 61) Nuance Induction € [10-19]; and in
22.2% (n = 24) Nuance Induction € [20-31]. Considering
that a color shift in NCS Nuance between adjacent stan-
dard colors needs a minimum value of 10, Nuance Induc-
tion was relevant in most of the color pairs (78.7%). It is
interesting to remember that nuance is directly related
with NCS whiteness, being whiteness = 100-nuance.

The NCS hue Induction can range from 0, for colors
with the same hue, to 200, for opponent colors in the
color circle, and being 10 steps the distance between adja-
cent hues in the standard NCS color circle that is, R to

TABLE 4

YO90R. In the observations of the 108 color pairs, in 21.3%
(n = 23) the NCS hue difference is 0, and so there is no
Hue Induction; in 47.2% (n = 51) Hue Ind € [10,50]; in
11.1% (n = 12) Hue Ind € [60,100]; 7.4% (n = 8) Hue Ind
€ [110,150], and in 12.9% (n = 14) Hue Ind € [160,200].
Therefore, there is an important induction effect in the
hue of the figure colors.

The calculation of the global induction effect is a holis-
tic assessment that includes simultaneously the Nuance
Induction and the Hue Induction and permits to order
the 108 color pairs from those with the highest induction
effect to those with the lowest. As explained earlier
(Section 3), the global induction depends on quartiles
and can have a value from 0 to 8 for each color pair
(Table A1l). The sum of the individual global induction
effect of a given figure color observed onto the 12 back-
ground colors, provides a possible value between 0 and
96, and allows to categorize the nine figure colors in
order from most to least induction effect (Table 4). The
figure colors with the greatest overall induction in our
research is NCS S 3502-Y, NCS S 3005-Y50R, and NCS S
3010-Y10R. These figure colors correspond with the
colors which are closer to gray, and so with lower NCS
chromaticness. On the other side, the sum of the global
induction effect of the nine figure colors observed onto a
given background color, provides a possible value
between 0 and 72, and allows to order the 12 background
colors from those who entail most to least induction
effect (Table 4). In our research, the background colors
which entail the greatest overall induction is NCS S
2060-Y10R and NCS S 2040-Y30R. These correspond to
background colors that have low blackness and high
chromaticness.

Left: The 12 background colors in order from those that entail most to least induction. Right: The nine figure colors

corresponding to ornamental elements in order from the greatest to the least induction.

Global
NCS background colors induction [0, 72]
NCS S2060-Y10R 42
NCS S 2040-Y30R 41
NCS S 2020-G30Y 39
NCS S 2020-B90G 35
NCS S 3010-Y80R 34
NCS S 3040-Y40R 34
NCS S 4040-Y60R 34
NCS S 3030-G90Y 33
NCS S 3050-Y20R 32
NCS S 4040-Y50R 30
CNCSSASOYTOR
NCS S 0515-G20Y 25

NCS figure-colors of Global induction
ornamental elements [0, 96]
NCS S 3502-Y 69
NCS S 3005-Y50R 64
NCS S 3010-Y10R 53
NCS S 2010-G90Y 44
NCS S 2010-B10G 44
NCS S 2020-Y60R 38
NCS S 3020-Y40R 32
NCS S 2010-Y30R 31
NCS S1010-Y20R 25
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4.3 | Influence of the similarity/
difference between figure and background
nominal colors in the induction effect

The objective of this analysis is to find out to what extent,
the induction effect is influenced by the similarity/
difference between figure and background nominal
colors for the three NCS variables: hue, blackness and
chromaticness (Table 5).

Results of the Pearson correlation indicate that there is
no significant association between the induction effect and
the nominal hue difference of figure and background.
Therefore, in our experiment, if figure and background
have similar hue, it does not entail a larger or lower induc-
tion effect. Nevertheless, results of the Pearson correlation
indicate that there is a low significant negative association
between induction effect, and the blackness difference fig-
ure background (¥[106] = —0.199 p = 0.039). Therefore,
when nominal blackness difference between figure and
background is larger, the induction effect is lower. In
other words, if figure and background have similar NCS
blackness, the induction effect will be larger.

Regarding chromaticness, results of the Pearson correla-
tion indicate that there is a low significant positive associa-
tion between induction effect and the nominal
chromaticness difference figure-background (1{106] = 0.241
p = 0.012). Therefore, when chromaticness difference
between figure and background is larger, the induction
effect is larger. In other words, if figure and background
have similar NCS chromaticness, the induction effect is low.

44 | Study of the color pairs with more
induction

The 18 color pairs with the greatest induction effect in
our research, is indicated in Table 6. They all correspond
with a global induction effect between 6 and 8. The nomi-
nal figure colors belonging to these pairs are those with
lower NCS chromaticness, and therefore closer to a neu-
tral gray, with exceptions in four cases. For a visual

TABLE 5
variables
Induction
Effect
Induction Effect Pearson Correlation 1
Sig. (2-tailed)
N 108

“Significant levels for the Pearson rank coefficient are indicated at p < 0.05 level.

RESEARCH AND APPLICATION

interpretation of the induced figure color, Table 6 shows
the notation of the closest NCS standard color, while the
exact values are indicated numerically in Table Al. A
particular study for these colors is developed, plotting the
results on the NCS color circle and on the NCS nuance
triangular figure (Figure 4).

The observation of Figure 4 indicates that, regarding
the analysis of the NCS color circle, there is a relevant hue
shift between nominal and perceived color that follows
the direction of the line that connects the background
color and the nominal figure color. The induced color
tends to be distant from the background color, shifting to
a color with slightly more NCS chromaticness (10%) and
to a hue that is opponent in the color circle, note that in
Figure 4 (left) the “arrows” tend to be centrifugal. This
hue shift toward opponent hues is more evident in colors
observed onto warm backgrounds (Y10R to Y40R) that
tend to acquire a cool induced hue (B to G40Y). Curiously,
in our experiment, when the background is cool (B90G to
G30Y) the induced hue tends to be also cool.

Regarding the analysis of the NCS nuance triangle,
we observe that the induced figure colors tend to have
lower NCS blackness compared with nominal, and to
have no chromaticness shift, note that the “arrows” are
vertical. The reduction in NCS blackness is 10% to 15%.

5 | CONCLUSIONS AND
DISCUSSION

In the restoration of historic facades, specialists need to
tackle the problem of colors that are observed slightly dif-
ferently on a facade than isolated. This issue is particularly
critical in the observation of the colors of ornamental ele-
ments, which usually have neutral colors, surrounded by
an extension of more chromatic colors on the wall sur-
faces, and therefore affected by the color induction phe-
nomenon. For this reason, we conducted an experiment to
evaluate the difference between nominal and induced
colors of ornamental elements observed on background
colors, considering the historic color palette of Valencia,

Pearson correlation between Induction Effect and the difference figure-background nominal colors for the three NCS

Diff Fig-Back Diff Fig-Back Diff Fig-Back

Nom. Hue Nom. Blackness Nom. Chromaticnes
—0.049 —0.199* 0.241*

0.614 0.039 0.012

108 108 108
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TABLE 6
indicating NCS standard notation for the background color,

The 18 color pairs with more global induction effect,

nominal, and induced figure color.

NCS Standard NCS Standard
NCS Standard nominal figure induced figure
background color color color
2060-Y10R 2010-G90Y 1010-B70G
2040-Y30R 3502-Y 2010-B30G
0515-G20Y 3502-Y 3010-B50G
3030-G90Y 3005-Y50R 2502-G
2060-Y10R 3005-Y50R 1005-G10Y
3040-Y40R 3005-Y50R 1502-B
2020-G30Y 3502-Y 2005-R70B
3010-YSOR 3005-Y50R 2005-B80G
3030-G90Y 3502-Y 2005-B50G
2040-Y30R 3010-Y10R 2010-B90G
2060-Y10R 3502-Y 2010-R90B
2060-Y10R 3010-Y10R 0507-G
3010-Y80R 3502-Y 2005-R80B
3050-Y20R 3502-Y 2004-R90B
2040-Y30R 3020-Y40R 2010-G30Y
3040-Y40R 3502-Y 2010-B
2020-B90G 3005-Y50R 2020-B40G
2020-G30Y 3005-Y50R 2010-G40Y

Note: The average induced color is represented by the closest standard color

from the NCS Atlas 2050.
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studied by the Color Research Group GICA-UPV. The
study included the evaluation of 108 color pairs painted
on physical cardboards, evaluated by 26 females (Avr. age
26.5; SD = 3.6), under natural lighting conditions, and
using the NCS color atlas for the color match.

Some limitations need to be indicated that should be
considered in the application of the results to other archi-
tectural conditions different to those of the experiment,
particularly in relation to the homogeneity of observers
and the lighting conditions of the assessment. All partici-
pants were university students, with similar age, and a
similar cultural background. Therefore, it has not been
possible to demonstrate if these findings are consistent
for other observers, with distinctive characteristics. Simi-
larly, it is expected that the observation of architectural
facades at street level, with a continuous shift in light
depending on the time, date, weather conditions, solar
orientation, presence of cast shadows, together with other
aspects such as the reflected light from the surroundings,
observation distance, scale of the building, and so forth,
might entail slightly different results. Our experiment is
framed within the observation conditions indicated.

The results of the study indicate that, in general,
induced colors have lower NCS blackness compared with
nominal, and slightly higher or no chromaticness shift.
Therefore, the induction effect is more important in the
evaluation of the NCS blackness than in the chromatic-
ness. When plotted on the NCS nuance triangle, the
“arrows” tend to be vertical. Nuance Induction was

w
\
ISR
N [m] Induced figure-color
IA3 & Nominal figure-color
gA@ D Background-color
b 2=
(o>
-Y90R o o
O
R ) C
]
/
S

The 18 color pairs with more induction plotted on the NCS color circle (left), and the NCS nuance triangle (right).
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relevant in most of the color pairs (78.7%), with one to
three color shifts in the NCS nuance triangle. Being the
variable nuance directly related with NCS whiteness,
results indicate that whiteness induction was relevant for
most of the color pairs.

In this research, there is evidence of an important
induction effect in the hue of most of the figure colors
(78.7%), this effect being bigger in nominal colors closer
to gray, those with low chromaticness, observed onto
backgrounds with much higher chromaticness. This
result is somehow coherent with Kirschmann's fourth
law, indicating that the induction effect between a color
and a gray of the same lightness grows with the satura-
tion of the inducing field.” It is important to note that

RESEARCH AND APPLICATION

saturation in NCS is directly proportional but not the
same as chromaticness, being saturation (m) the relation-

ship between the chromaticness (c¢) and whiteness (w) of

a color, m = ¢/(c + w) = ¢/(100-blck).}4P18)

In the NCS color circle, the induced color tends to dis-
tance from the background color, shifting to a color with
slightly more NCS chromaticness and to a hue that is
opposite in the color circle, the “arrows” tend to be centrif-
ugal. This finding is coherent with the direction law, which

affirms that in the case of contrast, the perceived color of

any element set over a uniform surrounding color, moves

away from the color of the surrounding along the path of

the line plot between the surrounding color and its own.
This hue shift toward opposite hues is more evident in

TABLE 7 Summarize of the findings.
Difference induced-
Color variable nominal (unit) Results
Blackness —6to —15 (%) «+ Induced colors have lower NCS blackness compared with nominal
and this effect is greater in darker nominal colors, those with higher
blackness
+ 65.7% (n = 71) figure colors, have an induction effect >10% NCS
blackness
Chromaticness —1to 5 (%) + Induced colors have slightly higher NCS chromaticness or no
chromaticness shift compared with nominal and this effect is greater
in bolder nominal colors, those with higher chromaticness
» 7.4% (n = 8) figure colors, have an induction effect >10% NCS
chromaticness
Nuance 0 to 31 [0, 80] + Induced colors have significant NCS nuance shift in most of the
cases: 22.2% (n = 24) have a nuance shift between 20% and 31%,
with 2 or 3 steps in NCS triangle; 56.5% (n = 61) have a nuance shift
between 10% and 19%, with one step in NCS triangle
Hue 0 to 230 [NCS Hue steps] « Induced colors have an evident hue shift compared with nominal
and this effect is greater in nominal colors closer to gray, those with
low chromaticness
o Just 21.3% (n = 23) had no hue shift
Nominal hue difference figure-  Global induction  No significant association. If figure and background have similar
background nominal hue, it does not entail a greater or lesser induction effect
Nominal blackness difference Global induction « If figure and background have similar nominal NCS blackness, the
figure-background induction effect is greater
Nominal chromaticness Global induction « If figure and background have different nominal NCS
difference figure-background chromaticness, the induction effect is bigger
All color variables together Global induction « In the NCS color circle, the induced color tends to distant from the

background color, shifting to a color with slightly more NCS
chromaticness (~10%) and to a hue that is opponent in the color
circle, the “arrows” tend to be centrifugal. As expected, the induction
effect is of contrast, not of assimilation

In the NCS nuance triangle, induced figure colors tend to have lower
NCS blackness compared with nominal, but not significant
chromaticness shift, the “arrows” tend to be vertical

The figure colors affected by greater induction is those with the
lowest chromaticness: NCS S 3502-Y and NCS S 3005-Y50R

The background color that entails greater induction is that with
highest chromaticness: NCS S2060-Y10R
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colors observed onto warm backgrounds (Y10R to Y40R)
that tend to acquire a cool induced hue (B to G40Y). Curi-
ously, in our experiment, when the background is cool
(B80G-G30Y) the induced hue tends to be also cool.

Regarding the Influence of the similarity/difference
between figure and background nominal colors, the
induction effect is bigger when figure and background
have similar nominal NCS blackness, and different nomi-
nal NCS chromaticness.

If figure and background have similar hue, it does not
entail a bigger or lower induction effect. The figure colors
affected by greater induction is those with the lower chro-
maticness: NCS S 3502-Y and NCS S 3005-Y50R. The back-
ground color that entails greater induction is that with
highest nominal chromaticness: NCS S2060-Y10R. Table 7.
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the former Crown of Aragon as well as color in archi-
tecture, both historic and modern.
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APPENDIX A

TABLE A1 The 108 color pairs selected for the experiment, in order from most to least global induction effect.

Global Nominal background Nominal figure Induced figure Difference induced-
induction color in NCS color in NCS color in NCS nominal in NCS
effect S C H (Standard) S C H (Standard) S C H [0-400] S C H [0-400]
7 6 330 +12 —4 +230
7 10 305 +15 -8 4205
7 7 203 +23 +3 +113
7 7 270 +11 -5 +170
7 6 305 +15 -4 +205
6 18 260 +8 -3 +210
6 7 254 +8 -5 +156
6 14 155 +13 -9 +105
6 4 196 +7 -1 +146
6 5 247 +11 -3 +147
6 7 227 +13 +3 +117
6 4 190 +15 +1 +140
6 4 315 +13 -2 +215
6 7 213 +13 +3 +123
6 10 167 +8 +10 +107
6 4 302 +13 +1 4252
6 222 +13 -1 +172
6 5 320 +17 -3 +120
5 10 187 +16 -0 +97
5 8 250 +3 -3 4200
5 8 172 +14 +2 +62
5 35 57 +15 —15 +17
5 6 189 +10 -1 +139
5 6 196 +6 -1 +146
5 9 106 +12 —4 +56
5 23 75 +15 —13 —15
5 24 300 +14 —14 +10
5 5 220 +7 0 +170
5 8 110 +24 +3 +20
5 13 161 +17 -3 +71
5 23 115 +10 —21 +15
4 9 174 +13 +1 +64
4 6 203 +9 —4 +103
4 13 304 Y14 -3 414
4 30 70 +7 —10 +10
4 7 70 +18 +3 —20
4 17 300 +15 -7 +10
4 8 77 +14 +2 +7
4 10 182 +11 0 +72
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Global Nominal background Nominal figure Induced figure Difference induced-
induction color in NCS color in NCS color in NCS nominal in NCS
effect S C H (Standard) S C H (Standard) C H [0-400] S Cc H [0-400]
4 7 167 +7 +3 +77
4 21 90 +10 —11 +20
4 5 82 +14 +5 +12
4 15 80 +18 -5 —10
4 17 303 +15 -7 +13
4 12 50 +12 +8 +10
4 18 82 +14 -8 +12
4 10 165 +12 0 +55
4 9 300 +15 +1 +10
4 5 90 +15 -3 —10
4 8 300 +14 +3 +10
4 15 91 +12 +5 +51
4 5 70 +15 +5 —40
4 19 304 +14 -9 +14
4 17 113 +10 -7 +43
4 9 176 +13 +1 +66
4 5 80 +15 +5 +10
4 10 110 +23 0 +20
4 9 235 +11 +1 —55
3 20 17 +10 0 —-23
3 14 115 +4 —4 +35
3 17 310 +7 -7 +20
3 15 80 +3 -5 +10
3 8 151 +5 +2 +71
3 20 60 +15 0 +20
3 17 23 +7 +3 —37
3 20 23 +13 0 —-17
3 23 90 +7 -3 +30
3 10 297 +15 0 +7
3 10 142 +13 0 +32
3 8 90 +13 +2 +20
3 17 293 +15 -7 +3
3 23 43 +13 -3 +3
3 12 57 +13 +8 -3
3 7 162 +11 +3 +52
3 9 94 +12 +1 +24
3 5 62 +5 +5 —18
3 5 90 +12 +5 0
3 28 42 +14 -8 +2
3 14 36 +10 +6 —4
3 13 87 +12 -3 +17
(Continues)
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TABLE A1 (Continued)

Global Nominal background Nominal figure Induced figure Difference induced-
induction color in NCS color in NCS color in NCS nominal in NCS
effect S C H (Standard) S C H (Standard) S C H [0-400] S C H [0-400]
3 10 GI0Y 7 145 +7 +3 +35
3 14 46 +8 +6 —~14
3 9 88 +11 +1 +18
3 5 127 +12 -3 +27
3 8 80 +7 -3 +30
3 7 97 +5 +3 +17
3 23 43 +15 -3 +3
2 8 70 +13 +2 0
2 20 47 +6 0 +7
2 20 43 0 0 —17
2 13 112 +10 -3 +2
2 12 287 +12 -2 -3
2 10 85 +4 0 +5
2 10 60 +3 +10 0
2 10 129 +5 0 +49
2 6 78 +5 +4 -2
2 15 62 +3 +5 +2
2 18 82 +1 -8 +2
2 16 38 +11 +4 -2
2 16 58 +6 +4 -2
2 10 110 +15 0 0
2 10 109 +5 +0 +29
1 13 86 +2 -3 —4
1 5 15 G20Y 10 10  Y20R 10 77 +4 0 -2
1 10 84 +5 -0 +4
1 20 61 +4 0 +1
1 10 77 +5 0 -3
1 20 60 +6 0 0

Note: Notations in NCS for nominal background color, nominal and induced figure color, and for the difference between induced-nominal figure color. With
indication of blackness (S), chromaticness (C), and Hue (H). Hue is indicated in standard NCS nomenclature and in percentage, being R = 0, Y = 100,
G = 200, B = 300, R10B = 390, and so forth. Positive hue difference: anticlockwise, negative: clockwise. If hue difference H = 200, opponent colors; if

H = 100, color in the adjacent quadrant.
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