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ABS TRACT: Designing the facade's color based on user evaluation is necessary due to the effect of color on 
people's evaluation. To evaluate the facade's color, its combination should be categorized. The emotional dimensions 
of color evaluation should be assessed due to the variety of emotional scales of color evaluation. Thus, the ques tion 
arises: What are the emotional scales describing the facade's color and components. During a s tudy, temperature, 
harmony, and weight were considered to describe the color in facades. This s tudy used a combination of qualitative and 
quantitative methods to examine the components related to defining the color composition's weight scale. Firs t, some 
components were identified to determine the weight of the color combination through a semi-s tructured interview. 
Based on the results, a ques tionnaire was prepared. The final results were obtained using the Q method analysis with 
the help of color s trips and HSL codes. Therefore, to describe the combination color of the facade as light and heavy, 
the facade with a light color combination has at leas t 30% openings. At leas t 70% of facade areas and openings have a 
hue with more than 90% lightness. In addition, the saturation of at leas t 70% of the area is less than 30% and 5% with 
warm and cool hues, respectively. At leas t 70% of facade areas and openings have a hue with less than 65% lightness 
and a heavy color combination. 
Keywords: Facade, Visual evaluation, Color scales, the weight of color combination, Q-method analysis.

INTRODUCTION
Color patterns in urban spaces play a significant role in 

unders tanding the visual qualities of the city. The color facades 
as part of the urban space significantly affect the experience 
and evaluation of the environment. The issue of facade color 
in the aes thetic controls of urban planning policies in different 
countries demons trates its importance. The color combinations 
in artificial environments affect behaviors, feelings, experiences, 
and people's judgments about the quality of the environment 
and highlight the need to reconsider traditional approaches 
of color design in the environment, including the approach 
of considering color as a secondary element in cons tructing 
and selecting the color based on the personal preferences of 
the designer which fail to meet the aes thetic expectations and 
general preference (McLachlan, 2013). However, designing the 
facade's color following the users' needs and scientific s tudies 
can adjus t environmental conditions. The factors mentioned 
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above make it necessary to examine the facade's color based 
on environmental perception, user evaluation, and knowledge 
of color evaluation. 
Using abs tract color samples ins tead of Contextual color, 

focusing on monochromes, and not paying attention to color 
combination, as well as considering a universal and definitive 
response to color evaluation are among the challenges in 
mos t color evaluation s tudies, in which the color preference 
of one object does not resemble in another one (Sarica & 
Cubukcu, 2018). Based on the results, underlying factors and 
individual characteris tics affect the perception and evaluation 
of the facade's color (Fridell Anter, 2000). Thus, the color 
combination of the facade and the evaluation of users should 
be assessed.
Few s tudies have been conducted on evaluating the color of the 

interiors (Jalil et al., 2012; Savavibool et al., 2018) and even less 
on the facades (Janssens, 2001; Garcia et al., 2003; O'Connor, 
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2008; Cubukcu & Kahraman, 2008; Sarica & Cubukcu, 2018), 
mos t of which have focused on monochrome evaluation such 
as O'Connor (2008), which s tudied the emotional and cognitive 
evaluations of monochromes on single-s tory buildings in terms 
of harmony with their surroundings' color. Only a few s tudies 
have explored color emotions for color combination of facades, 
such as Sarica & Cubukcu (2018), which compared people's 
responses to abs tract color combination and those in the facade 
of urban complexes.
During evaluating environmental color, color is described 

either based on its physical dimensions such as hue, lightness, 
and saturation (Plataniotis & Venetsanopoulos, 2000; Janssens, 
2001; O'Connor, 2008; Cho, 2015; Han et al., 2016; Santosa & 
Fauziah, 2017; Shinomori et al., 2020) or based on emotional 
scales such as harmony-contras t, warmness-coolness, 
lightness-heaviness, and the like (Fang et al., 2015;  Koo & 
Kwak, 2015; Al-ayesh et al., 2016; Chamaret, 2016; Hanafy 
& Sanad, 2016; Kuang & Zhang, 2017; Manav, 2017; Huang, 
2018; Gunes & Olgunturk, 2019; Boeri, 2019 & 2020; Liu et 
al., 2020); including O'Connor (2008), which utilized scales 
of harmony and contras t based on Sydney urban planning 
policies, or Sarica & Cubukcu (2018), which s tudied the 
color combination of urban complexes based on the scales of 
cool/warm and harmonious/contras ting. There is no s tandard 
ins trument for selecting evaluation scale and describing the 
color combination of facade due to the different scales in 
different s tudies. Therefore, the evaluation scales should be 
determined, and the color combination of the facade should be 
described.

Accordingly, this s tudy aims to inves tigate the emotional 
scales of the color combination of the facade and determine 
the quantitative components of detecting the weight scale (this 
scale is one of three bipolar emotional scales resulting from 
the second s tep of this research). The other two scales were 
presented in the previous two s tudies of the authors1) to define 
and classify the color combination of the facade.

MATERIALS AND METHODS
Methodology
The present s tudy is considered exploratory in terms of aim 

and the combination of qualitative and quantitative methods in 
terms of method. The purposeful and small-scale selection of 
participants approaches it to the qualitative method, and data 
analysis through factor analysis makes findings quantitative 
method completely (Sepasgar Shahri & Manouchehri, 2014). 
As shown in Figure1, firs t, written comments on the emotional 

scales of color combination evaluation were s tudied using 
content analysis from various sources and documents from 
1960-2020. A total of 40 papers evaluating the colors using 
emotional scales were selected from among them. After 
examining the full-text versions of the chosen sources, 97 color-
emotion scales of color evaluation were collected. Based on the 
s tudies, only ten scales, cool-warm, contras ting-harmonious, 
hard-soft, heavy-light, and passive-active, could be defined 
on the color physical dimensions among 97 scales. There was 
no theoretical agreement on other scales due to individual and 
contextual differences.
 Next, as the firs t Delphi survey tool, a ques tionnaire was 

Fig. 1:  The research process
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developed based on 100 photograph images of the facade and 
five color-emotion bipolar scales. Twenty experts evaluated 
it (e.g., experts in graphics, architecture, indus trial design & 
painting) in design and color. Since in the Delphi survey, the 
sample size of experts cannot be significant, the Q-method2 was 
used to analyze the ques tionnaire data. According to experts, the 
result of this s tep of the survey and Q-method analysis presented 
that the color combination of facade could be classified in three 
scales of cool-warm, heavy-light and contras ting-harmonious. 
Also, based on this analysis, out of 100 images, the images that 
were the mos t suitable representative for each of these three 
scales were selected by experts.
The authors have examined the two scales of temperature 

and harmony in other s tudies, and in this s tudy, only the 
weight scale (light-heavy) has been examined. Accordingly, 
in the following procedure, the nine components describing 
the weight of the color combination of the facade were 
extracted based on the selected images of the previous s tage 
and through semi-s tructured interviews with five professors 
in urban planning and architecture, shown in Table 1. The 
interviewees define these components.  It is worth noting that 
nine components of this s tep, along with ten selected weight 
scale images, provided the survey ins trument in the final s tage, 
which was completed by the firs t 20 experts in the field of 
design and color. Q method was used to analyze the data in two 
s tages. Then, the final selected photos' color combination was 
examined by HSL sys tem codes and the color s trip. Thus, the 
components affecting the assessment of the weight of the color 
composition in the facades were extracted. The components 
affecting the assessment of the weight of the color composition 
in the facades were extracted from its results using the color 
s trip and HSL codes of the final selected images.
Since in the HSL sys tem, color properties have numerical 

values, i.e., hue (H), luminance (L), and saturation (S), this 
sys tem has been used in research. Figure 2 demons trates this 
sys tem. In this sys tem, the hue is measured at an angle around 
the vertical axis and has a range of values between zero to 360 
degrees and s tarts from red in zero degrees. This value shows 
the spectral combination of color. Luminance varies between 0 
and 1, with zero to 100 in Photoshop. The value of luminance 
is relative. Saturation is a ratio that extends from zero (for 
example, on-axis I) outward to a maximum of 1 at the cone 
level radially, shown in Photoshop with values from zero to 
100. This value demons trates how far a color is from a gray 
color with the same luminance (Sarica & Cubukcu, 2018).

 Survey of the Photos of the Facade
Contextual colors should be utilized to s tudy color evaluation 

and preference in architecture and urban design (Cubukcu & 
Kahraman, 2008). Full-scale models are not always affordable, 
efficient, and available. Many s tudies use photographic images 
ins tead of real spaces and objects (Janssens, 2001). These 
s tudies have shown that the response to color photographs is 
the same response to the real setting. So images of the facade 
were used in the present s tudy. To s tudy the color emotional 
scales describing the color combination of the facade, it was 
necessary to capture photos that could be an appropriate 
representative of the residential facade in Tehran. Due to the 
lack of similar research in Iran and s tandard tools to record the 
photos. The 12 criteria considered in the s tudies of 'Cultural, 
Social and identity typology of Tehran neighborhoods' by the 
Ins titute of Social S tudies and Research (2015) were used to 
select the desired neighborhood. Five architects and urban 
planners selected 11 neighborhoods in Tehran to capture 
photos. Then, photos were recorded from the facades of these 
11 neighborhoods. Five former experts chose the Koy-E-Nasr 

Components describing the weight scaleNo

 Lightness level of color combination1

The saturation level of color combination2

Number of hues in combination3

The surface area of hues in combination4

The surface area of openings5

Lightness level of the color of openings (windows) in the image6

The formal composition of façade7

(The form of openings (windows8

The building’s exterior details9

Table 1: The nine components defining the weight of the color combination of the facade from the interviews
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neighborhood to record the final photos for the following 
reasons:
- The chess s treets that were almos t equal in width (Ability to 

record images from the same dis tances)
- Buildings of almos t the same age;
- Buildings with almos t the same width and number of floors;
- Buildings with the same function (almos t all residential).
Accordingly, the facades of residential buildings in the Koy-

E-Nasr neighborhood were photographed. The selection and 
survey of images of the facade were performed as follows:
Selection of the buildings: Since the age, function, and scale 

of the building are influential in evaluating its color (Janssens, 
2001), photography of 6-7 s tory residential apartments, located 
in the northern plot of land with a width of approximately 9-12 
meters, was done by a digital camera3 at a s traight and cons tant 
angle, 10 meters from the facade. The age of buildings was 
up to 10 years. Among 692 recorded images, 100 images were 
selected by five architects and urban planners for the next s tep 
of research. The criterion for selecting images was the lack of 
appendage and the complete view of the facade in the image.
Time and conditions of recording the images: The color of 

the facade changes based on the change of light at different 
times of the day as well as in different seasons and climates 
(Zareh & Lotfi, 2017),  the photographs were recorded between 
12:00 and 2:00 PM during one month (The time with minimal 

shadows).
Setting the white balance of the photograph images: The 

human brain corrected white discoloration in different lighting 
conditions. This correction is done using the 'preset manual' 
mode in digital cameras and photos captured with a white 
reference card4 in cons tant light conditions. Levels setting in 
the Photoshop software are used to re-align (Tadayon et al., 
2018).
The correction of photograph images: To have photograph 

images in the same viewing angle independent of perspective, 
the skew setting of the Transform tool in the Edit menu of 
Photoshop CC 2017 was used. The environmental colors 
in recorded photos of facades significantly affect its color 
evaluation (Cubukcu & Kahraman, 2008). Therefore, the 
adjacent facades were deleted and painted in neutral gray5 
while unique blue was chosen as the color of the sky6 in each 
recorded image. The color of the ground floor in all images 
was considered darker, and visual appendages such as utility 
poles, power cables, and trees were deleted from the images 
as much as possible. Figure 3 shows the sample image of the 
residential facade.

Participants and Data Collection
During the content analysis of the documents, the population 

included all available s tudies and research in color evaluation 

Fig. 2: The HSL colo sys tem (Source: Jewett, 2020)



                             

19

                                                                                     International Journal O
f  A

rchitecture and U
rban D

evelopm
ent

International Journal O
f  A

rchitecture and U
rban D

evelopm
ent

and facade. To this aim, 100 images were chosen from all of the 
images were taken of the facades in residential buildings by five 
architects. Then, due to the exploratory and descriptive purpose 
of the research, 20 experts in design and art, including teachers 
of painting, architecture, indus trial design, and graphics, were 
selected as the participants in both ques tionnaires based on 
their familiarity with the research topic, nonprobability, and 
targeted sampling with the small sample size. The sample in the 
semi-s tructured Delphi interviews included five architects and 
urban planners who were selected by snowball sampling, and 
the sample size was obtained based on theoretical saturation.

Reliability and Validity
To measure the reliability of the ques tionnaires, the internal 

consis tency method and the calculation of Cronbach's 
alpha coefficient were used. The value of Cronbach's alpha 
coefficient in all of the firs t survey ques tionnaires was more 
than 0.7, and in the second survey, the ques tionnaire was 
0.736, indicating the scales' acceptable reliability. To check the 
variables' appropriateness in the correlation matrix, the K-M-O 
tes t was used as a sample adequacy index; a value of more than 
0.7 indicates the appropriateness of the data's correlations for 
factor analysis (Takane & Ferguson, 2011). This value is more 
than 0.7 in the firs t ques tionnaires, and as shown in Table 1, it 
is 0.706 in the second ques tionnaire, indicating that the sample 
size is sufficient. Significance less than 0.05 in Bartlett's tes t 
and Chi-square demons trates that the correlation matrix is 
unique, and its value in Table 2 (0.00) has met this expectation.

RESULTS AND DISCUSSION
After the data analysis in SPSS software, it was found that 

there are seven factors with more than one total rotation sum of 
squared loadings based on 20 experts' views. The cumulative 
rate of 66.801% of the total factors means that about 66% of 
participants' thought is considered common, and less than 34% 
is regarded as an individual, which may be due to individual 
tendencies and awareness. This percentage indicates an external 
fact that has attracted 66.801% of the respondents' attention.
Table 3 indicates the data rotation matrix and the factor loadings 

s tatis tics. The variables of each factor can be identified to use 
the s tatis tics of this matrix. The variables with factor loadings 
of more than ±0.3 are considered as significant and placed in 
that factor category. As indicated in the rotated component 
matrix in Table 3, the firs t, second, and third factors include 
five, four, and three experts, respectively, and the fourth, fifth, 
sixth, and seventh ones each include two experts. 
To find a common line of experts' thoughts about the components 

affecting the weight assessment of the color combination of the 
facade, the ques tions in which at leas t half of the experts of 
that factor gave them a score of 8, 9, and 0, 1 in each factor 
were considered. Then, Q-method analysis was conducted on 
the resulting factors for the second time, and all of the s teps 
mentioned earlier were repeated to summarize the wide results 
obtained. The second s tage of Q-method analysis resulted in 
several selected images regarded as the bes t example for light 
or heavy color combinations and determining the components 
affecting the weight of color combinations. Based on the 
results of the nine components obtained from the interviews 

Fig. 3: Sample image of the residential facade 
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(see Table 1), the lightness level of color combination of the 
facade, lightness level of the color of openings in the image, the 
surface area of hues, and the surface area of the openings play a 
significant role in detecting the weight of the color combination 
of the facade. The contents of these components are described 
by the interviewees as follows.
Lightness level of color combination of the facade: The 

high and low lightness of the hue in the color combination 
of facade cause it to be recognized as a light and heavy color 
combination, respectively. 
Lightness level of the color of openings (windows) in the 

image: The color of the opening means the color of the whole 
opening, i.e., the color of the frame and the glass, and possibly 
the curtain in its behind, which can be observed in the image. 
The high and low lightness of the hues of the openings in the 

facade cause it to be recognized as a light and heavy color 
combination, respectively. 
The area of hues in combination: The large area of the 

primary hue in color combination helps determine the weight 
of the color combination of the facade.
The area of openings: The ratio of the area of openings to the 

area of the whole facade plays a significant role in detecting 
the lightness/heaviness of the color combination of the facade.
Based on the results, the components affecting the assessment 

of lightness/heaviness of color combination of the facade can be 
classified into two categories based on their features, including 
the ones related to the color features (lightness level of color 
combination and lightness level of the color of openings in the 
image) and the components associated with the dimensional 
features (the area of the hues and the area of openings). These 

K-M-O Measure of Sampling Adequacy 0.706

Bartlett’s Tes t of Sphericity

Approx. Chi-Square 975.430

Df 190

Sig. .000

Component

7654321

-.072.212.094-.147-.039.051.745VAR00019

.128-.039-.114.165 .202.341.719VAR00006

-.068.133.177.227.072.093.623VAR00005

.064-.115.067.032.051-.178.583VAR00020

-.003.280-.134-.004.146.145.561VAR00009

.044.042-.040-.060.049.858.024VAR00001

.006.015.392.179.122.644.209VAR00003

.026-.248.420.242.135.613-.01VAR00015

.055.354-.382.110.412.485.163VAR00011

.003.011.031.102.827.085.139VAR00014

-.005.018.297-.182.747.244-.01VAR00021

.011-.277.118.184.474-.268.454VAR00013

.007.118.111.878-.041.107.047VAR00002

-.091.010.019.846.075.030.104VAR00007

-.101.125.735.185.219.141.089VAR00004

.522-.090.558-.090-.032.049.123VAR00010

-.007.848.147.100-.083-.019.148VAR00012

.094.517-.260.073.441-.029.145VAR000016

.888.102-.049-.011.017.111.019VAR00017

-.519.162.064.166-.072.365.505VR000008

Table 3: Rotated component matrix

Table 2: K-M-O and Bartlett's tes t
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results confirm the lightness/heaviness classification of the 
color combination of the facade by Cubukcu and Kahraman 
(2008); thus, the high and low lightness of the combination 
hues makes the color combination facade look light and heavy, 
respectively.
The effect of components related to color and dimensional 

features in assessing the weight of color combination can be 
explained as follows. The large effect of lightness in evaluating 
the weight of the color combination of the facade can be 
explained by the fact that light and dark colors seem lighter and 
heavier, respectively, which applies to the color combination 
of the facade. In addition, the effect of the area of hues in 
assessing the weight of the color combination of the facade can 
be explained as follows. Based on the laws between form and 
context, relatively small surfaces seem as shapes and details, 
while larger ones appear as context and generalities. Therefore, 
based on Ges talt theory, the image's background color seems 
visible at firs t glance, and in fact, the facade is observed with a 
dominant color. This makes it easy to identify the weight of the 
dominant monochrome. The color of openings in the image is 
regarded as a part of the color combination of the facade, the 
lightness of which affects the weight of the color combination 

of the facade. The effect of the area of openings in assessing the 
combination's lightness is since the opening's presence as space 
makes the facade look light.
Then, the color s trip method7 was used to analyze the colors 

used in the facade images. To this aim, after simplifying8 the 
facade images, the area of each color relative to the total area 
was plotted in colored s trips whose length included 100 units, 
indicating the percentage of each color in the color combination 
of the facade. The color s trips of selected facade images are 
shown in Figure 4. 
In the next s tep, a chart was prepared based on the color s trip 

and the codes related to the variables of the HSL color sys tem, 
which facilitated technical s tudies on the colors used in the 
facade in terms of hue, lightness, and saturation. This chart is 
shown in Figure 5.
Based on the color s trips of the selected images of facades 

related to the area, the facade's main colors (background) 
include at leas t 70% of the color area of the facade. Thus, the 
weight of each color combination equates with the weight of 
the color, which covers at leas t 70% of the area of the facade. 
Based on the HSL codes of the images in which the lightness of 
hues was considered as a component affecting the assessment 

Fig. 4: The color s trips of selected images of facades (B006,... are the 
number of facade's images)

Fig. 5: The HSL codes of the colors of selected images in assessing the 
weight of the color combination of the facade 
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of the weight of the color combination, a color combination 
was considered as light, in which the lightness level of hues 
in combination and openings were high (at leas t 90%). In 
addition, at leas t 70% of the facade area had a saturation rate 
of less than 30 and 5% in facade with warm and cool hues, 
respectively. Further, the lightness level of hues in combination 
and openings was less than 65%, considered heavy color 
combinations.
Furthermore, the results from the color s trips and the HSL 

codes confirm the findings of the Q-method analysis of the 
data. Therefore, increasing the lightness level of hues in 
combination and openings creates a light color combination, 
while reducing makes the color combination look heavy.

CONCLUSION
According to the results, the lightness level of the combination 

hues, the lightness level of openings' color in the image, the area 
of hues, and the area of openings in the facade are regarded as 
the main components in detecting the lightness/heaviness of the 
color combination of the facade. Thus, the color combination 
of the facade can be defined and designed as a light and heavy 
scale based on the components affecting the assessment of 
the weight of the color combination and obtained quantitative 
values. To define and classify the color combination of the 
facade as light, the openings (windows) should cons titute at 
leas t 30% of the facade area. In addition, at leas t 70% of the 
facade area should have a color with a lightness level of more 
than 90%. Further, the color of the openings should have a 
lightness level of more than 90%.
Furthermore, the saturation rate of at leas t 70% of the facade 

area should be less than 30 and 5% in the facade with warm and 
cool colors, respectively. To describe the color combination 
of the facade as heavy, at leas t 70% of its area should have a 
lightness level of less than 65%, and the color of the openings 
should have a lightness level of less than 65%. As shown in 
the firs t survey results, weight, temperature, and harmony are 
also considered to define and classify the color combination 
of the facade, which has been s tudied in independent articles. 
According to the results of these s tudies, the color combination 
of the facade can be described and classified based on three 
emotional scales, temperature-harmony-weight in 8 modes. 
Based on this classification, it will be possible to quantify the 
color combination of the facade. In this way, different people 
can have a unique definition for each color combination of the 
facade. Using this definition, the facade's color can be classified 
into eight classifications and evaluated based on it. Using the 
user evaluation results, it will be determined which of the eight 
modes of color combination of the facade is preferred by users 
and is more beautiful in their opinion. Thus, the principles of 
designing the color combination of the facade can be obtained 
by using the selected color mode and based on the quantitative 
definition of that color mode.
In this s tudy, there were limitations such as individual and 

group differences of participants, the use of southern facade 
images in the Koy-E-Nasr neighborhood as a representative of 
real buildings, non-s tandard measurement tools. Therefore, it 
is recommended to reexamine these tes ts by another s tatis tical 
population, with images of other sides of the facades of 
different neighborhoods.

ENDNOTES
1. Mehdipour, 2020 & 2021
2. In the Q method, each factor consis ts of a set of experts with a 

common point of view on the subject ins tead of a set of ques tions 
(Sepasgar Shahri & Manouchehri, 2014).
3. Nikon Coolpix S2700
4. White reference card is a s tandard reference in photography to 

determine light quality. This research used a white A4 paper as a white 
reference card.
5. H:00, S:0%, L:76%
6. :2180, S:37%, L:76%
7. The color s trip method was used by many researchers, such as 

Tadayon et al. (2018) and O'Connor (2008).
8.  Each facade has various components and elements such as the main 

surface, frames, windows, details, decorations. With different colors. 
According to the purpose of this s tudy, only the colors of the main 
elements of the facade were considered in this s tudy.
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