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The building façade has considerable effects on the aesthetic experience of observers. However, the
experience may differ depending on the observers’ expertise. This study was conducted to explore the
impact of expertise on preference, visual exploration, and cognitive experience during the aesthetic
judgment of designed façades. For this purpose, we developed a paradigm in two separate parts: aesthetic
judgment (AJ) and eye movement recording (EMR). Thirty-eight participants participated in this
experiment in two groups (21 experts/17 nonexperts). The results revealed significant differences
between the two groups in terms of the type and number of preferred façades, as well as eye movement
indicators. In addition, based on judgment reaction time and fixation duration as proxy measures of
cognitive experience, it was found that expertise might be correlated with cognitive load and task
demand. The findings indicate the importance of façades for both groups and suggest that their physical
attributes could be effectively manipulated to impact aesthetic experiences in relation to architectural
designs.
Keywords: aesthetic judgment, architecture, eye tracking, expertise, façade

(Brown et al., 2011; Cetintahra & Cubukcu, 2015; Kreplin &
Fairclough, 2015; Zhang et al., 2016). Consequently, it appears
that visual aesthetics is an essential factor to be taken into consideration during the design process (Xenakis & Arnellos, 2013). An
extension of this idea is that on the smaller scale of urbanscapes,
the buildings’ façade is also important.
Various factors affect the aesthetic experience of people,
although some of them are more clearly related to the objects
themselves (e.g., form, style, material, color, symmetry, complexity, and contrast), whereas others are related more to the
qualities of the observes (e.g., expertise, personal taste, and
interests; Christensen & Ball, 2016; Leder et al., 2004). In terms
of the latter, studies have shown that both artistic knowledge
and expertise can affect the individuals’ cognitive, perceptual,
and emotional processing levels (Bell, 2012; Huston et al.,
2015) and can impact aesthetic judgment (Kirk et al., 2009;
Massaro et al., 2012).
In addition, numerous studies have been conducted on the
perceptual differences between expert and nonexpert groups in
architecture and urban design fields (Gifford et al., 2002; Montañana et al., 2013; Nasar, 1989; Walsh et al., 2000). Some researchers have also investigated the aesthetic differences between the
experts’ (architects) and nonexperts’ (laypersons) viewpoints during building façade evaluation. In Gifford et al. (2000, 2002), 59
physical elements of 42 large contemporary buildings and large
office buildings were individually scored in terms of clarity,
friendliness, originality, meaningfulness, and ruggedness as relative properties of these buildings, and the Lens model (Brunswik,

Researchers have long suspected that urbanscape and specific
architectural elements within it have significant effects on individuals’ perceptions and preferences (Choo et al., 2017; Lindal &
Hartig, 2013; Stamps, 1999). Indeed, the perception of such elements has been shown to have an influence on judgments of
quality of designs, aesthetic experiences, and brain function
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1956) was used to show the difference between these two groups
in terms of their cognitive processing. Ilbeigi and Ghomeishi
(2017) used a qualitative methodology to reach the aesthetic indicators of residential façades. They focused on the cognitive properties, aesthetic preferences, and perception of architects and nonarchitects, and showed that properties such as simplicity and
uniqueness are common in both groups despite differences between architects’ and nonarchitects’ views (Ilbeigi & Ghomeishi,
2017). The comparison between architects and nonarchitects’
viewpoint in terms of aesthetic evaluation of residential apartment
façades has also been performed using a quantitative survey. The
results have shown that although there are differences between
these two groups in some properties (wall material, appearance,
form, texture, etc.), there are also similarities in some other features (Glass cladding, color uniformity, windows to wall size, etc.;
Ghomeshi & Mohd Jusan, 2013).
In addition, visual aesthetics is an important part of the design
process because 80 –90% of the environmental information is
received by the Human Visual System (HVS; Zhong et al., 2014),
which is in turn modulated by aesthetic factors. Here, eye movements, as an essential part of the HVS, are not merely a set of
random fixation on visual stimuli (Dupont et al., 2016; Humphrey
& Underwood, 2009). As such, they can be used to study the role
of people’s expertise in the visual exploration of façades. Specifically, the spatial pattern of fixations during each task reveals the
parts in which the participants are more interested in (Findlay &
Gilchrist, 2003). Therefore, it could be interesting to know the
relationship between visual exploration as measured by eye movements on façade elements and their modulation as a function of
people’s expertise.
Nowadays, Tehran’s urbanscape is filled with characterless
buildings, which are dissimilar to Iran’s traditional architecture
(Hejazi & Saradj, 2014; Khorshidifard, 2015). According to architects and urban designers, the building façades in Tehran are only
affected by the cultural patterns of other countries. This is in line
with developments in the early 20th century, when a dramatic
change occurred in the architectural style of many developing
countries, and the traditional styles were replaced by modern ones
(Moeini et al., 2017). Following this transformation, in Iran and
during the late Qajar and early Pahlavi eras (1920 –1980), these
changes were gradually transitioned to today’s cities (Asl et al.,
2014; Mirmozaffari rudsari, & Abdollahzade taraf, 2018) and
houses (Khorshidifard, 2015; Qelichkhani, 2012), and extended to
architecture (Alishah et al., 2016). Essentially, what is known as
the architectural style in façade design is an incorrect imitation of
classical, neoclassical, and modern styles (Zafarmandi & Imani,
2015).
In the cognitive sciences, psychophysics provides an experimental platform for testing hypotheses associated with physiological
relations that are closely linked to inner states (Huston et al.,
2015). Technological progress, with the help of new tools and
methods, enables us to have systematic research to offer a more
comprehensive view of aesthetic experiences (Leder & Nadal,
2014; Vartanian et al., 2013) and to assess the individuals’ responses both implicitly and explicitly (Coburn et al., 2017). Eye
tracking as a cognitive and psychophysiological method (Huston et
al., 2015) is useful to study visual perception and eye behavior to
know how long and in what order each person focuses on a
particular area (Kim et al., 2013). In eye tracking studies, several

types of research have supported the differences between expert
and nonexpert groups in terms of visual behavior (Bauer &
Schwan, 2018; Francuz et al., 2018; Ishiguro et al., 2016;
Massaro et al., 2012; Pihko et al., 2011). Besides, eye tracking
data have been exploited by several authors, specifically for
architecture, landscape architecture, and urban space research
(see Table 1).
In this study, we built on this body of research by designing an
experiment to record the aesthetic judgment of two groups (experts
and nonexperts) alongside with their eye movement data in relation to building façades. The stimuli in this study included the
residential building façades in Tehran province, the capital of Iran.
Toward this end, we needed to classify residential façades, considering the facade style was the common criteria of façade categorization. Specifically, the nomenclature used in the study referred to the façade’s “materials” rather than their “style”—mixed
material façades (M) versus contemporary or pseudomodern, stone
material façade (S).
Based on the data of our experiment, we draw several hypotheses (see Figure 1):
H1: There is a difference between experts and nonexperts in
aesthetic judgment of façades.
H2: There is a difference between experts’ and nonexperts’
eye indicators during the aesthetic judgment of the façade.
H3: In the visual exploration of preferred façades, there is a
difference between layers and elements of interest (i.e., contextual, decorative, constructive) for expert and nonexpert
groups.
H4: There is a difference between experts’ and nonexperts’
levels of cognitive load during aesthetic judgment and visual
exploration of façades.

Method
Participants
Thirty-eight healthy participants (21 experts [13 females and
eight males]; 21– 43 years old with the mean age of 26.25 ⫾ 5.33
years old and 17 nonexperts [six females and 11 males]; 20 –37
years old with the mean age of 23.44 ⫾ 4.55 years old) participated in the experiment. All of them had normal or corrected-tonormal vision, and none of them had a history of neurological or
psychiatric disorders. Thirty were right-handed. All participants
completed a consent form to participate in this study. They volunteered to participate in a study to investigate the effect of
architectural expertise on the aesthetic judgment and visual exploration of façade. The participants included: (a) the students and
faculty members of the Departments of Electrical and Computer
Engineering of the Shahid Rajaee Teacher Training University
(known as nonexperts with no formal training or background in
art and/or architecture), and (b) professors and graduate students from the Department of Architecture and Urban Design
Engineering of the Shahid Rajaee Teacher Training University
(known as experts). In this sense, both groups had passed
through rigorous selection procedures in their respective fields,
and the differences in each group in visual behavior and mem-

T1

F1

Purpose

The goal of this study was
to investigate people’s
preferences regarding
different nightscapes
(i.e., nighttime
landscapes) using both
survey methods and eye
tracking technology

This study examines
consumers’ visual
attention toward tourism
photographs with text
naturally embedded in
landscapes and their
perceived advertising
effectiveness.

This study was measuring
the behavioral evidence
of visual exposure to
restorative environments
in an eye tracking study

Study

Kim et al. (2013)

Li et al. (2016)

Martínez-Soto et
al. (2019)

Lab experiment/26
photographs with High
Restorative Potential (HRP)
or Low Restorative Potential
(LRP)

Lab experiment/24 tourism
photographs

Lab experiment/Three different
nightscapes in four levels of
brightness

Design/N stimulus

• Total number of
fixations
• The average
duration of
fixations
• Pupil size
• Heat map

• Total viewing time
• Number of
fixations
• Fixation duration
• Heat map

• Fixation duration
• The total scan path
length
• Total viewing
duration
• Pupil size
• Heat map

Eye tracker
indicators

Table 1
Tabulation of Eye-Tracking Studies in Architecture and Urban Space Researches

27 (The
participants
were enrolled in
the first year of
various
architecture
courses)

37 Native Chinese
speakers did not
understand
Arabic

32

Participants (n)

Tobii Pro Glasses 2 eye
tracker

SR Research Eye Link 1000

RED250 eye tracking device

Device
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• A significant relationship was
found between the
participant’s eye movements
and preference ratings.
• Participants spent more time
looking at preferred images
than nonpreferred images.
• Participants spent more time
looking at objects that could
be used.
• Text within the landscapes of
tourism photographs draws
the majority of viewers’
visual attention, irrespective
of whether or not participants
understand the text language.
• People spent more time
viewing photographs with
text in a known language
compared with photographs
with an unknown language,
and more time viewing
photographs with a single
textual message than those
with multiple textual
messages.
• Eye movements related to
LRP photographs were
characterized by a greater
number of fixations
compared to those related to
HRP.
• Fixation times predicted an
inverse relation, with LRP
settings having a significantly
shorter time per fixation than
HRP pictures.
• Higher pupil size was found
during the view of HRP vs.
LRP environments.
(table continues)
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• The results showed that
regarding preference for their
home countries’ rural
landscapes, the importance of
vegetation is significantly
greater for Chinese than for
English tourists.
• A significant effect of
observers’ attention pattern
was presented, suggesting
that landscapes providing an
easy way to concentrate on
smaller interest areas could
significantly increase
tranquility and thus increase
landscape preference.
Tobii T60XL eye tracking
Two groups of
undergraduate
students from
two countries:
China (83) and
the UK (78)
• Total fixations
• Fixation duration
• The number of
gaze points
• Heat map
Lab experiment/20 images
(five agricultural landscapes,
five waterscapes, five roads
and five family houses)
This study was primarily
conducted to examine
the consensus in factors
affecting landscape
preferences between
potential Chinese and
English rural tourists
and examine the
relationship between the
visual attention pattern
and the perceived
tranquility.

Table 1 (continued)
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Study

Purpose
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Ren (2019)

Design/N stimulus

Eye tracker
indicators

Participants (n)

Device
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ory would not be attributable to differences in their general
abilities or age.

Stimuli
Based on the categorization criteria (see Introduction) and a
survey of architects, the authors divided the stimuli into two
categories: stone façades versus façades with mixed materials
(stone, brick, wood, etc.), which are the most commonly used
material in the new residential apartment buildings in Tehran.
Approximately 1,300 images were captured from different districts
of Tehran, from May 2017 to August 2018 captured between 12:00
p.m. and 3:00 p.m., so that human factors would not be involved
in the images. One thousand stimuli were initially selected and
categorized to address the following questions: (a) Which one of
them has high-quality photography concerning camera angle, color
quality, and so on? (b) Is this image considered to belong to its
category? (c) What score is assigned for aesthetics from 0 to 9
(based on a 10-point Likert type measurement, ranging from very
ugly to very beautiful)? In this part, the judgment results of the 10
expert architect raters were classified into three categories: beautiful, medium, and ugly, and the final images of all categories were
selected according to the frequency of the responses within each
bin. Finally, 110 images from three categories were selected by
the authors (55 images belonged to stone façades [S], whereas the
other 55 images belonged to mixed-material façades [M]). Because
looking at images prior to the experiment might affect people’s eye
movements and image selection attitudes, two separate clusters
were considered: experts who have selected test images (stimuli)
and experts for eye movement recording (which means experts in
the main eye-tracking experiment were not familiar with stimuli).
Further, for a more detailed study, elements of the façade surface
have been divided into four semiotic layers in terms of functional
aspects (see Kazantseva & Ponkalo, 2014). In eye tracking research, the area of interest (AOI) is used to examine specific areas
of the image that is of interest to the researcher (Zou & Ergan,
2019). In this study, layering was done to investigate layers and
elements of interest in preferred façades during aesthetic judgment,
and to determine their priority in terms of time and frequency (see
Figure 2).

Procedure and Tasks
Eye Movement Task
The research paradigm was designed in one block, including
110 trials. In this block, the relevant procedure used for each
stimulus was categorized into two parts: eye movement record
(EMR) and aesthetic judgment (AJ; see Figure 3). At the beginning
of the session, the participants were trained on how to assign the
images to the AJ part. The stimuli were presented on a computer
screen in a randomized order. Each trial began with a gaze fixation
on a central white cross on a black background for 300 ms,
followed by the presentation of the stimulus which lasted for four
seconds (see Massaro et al., 2012; Wallraven et al., 2009). Each
trial was completed with a task-related question about the aesthetics of the façade (AJ part) to measure the participant’s preferences
for the observed stimuli. During the rating, a special keyboard
was provided for all participants to report their preferences for
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Figure 1
Conceptual Framework of the Study
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AQ:12, Note. See the online article for the color version of this figure.
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the each of the categories of aesthetic judgment using three
embedded keys on 3-point Likert scale (1 ⫽ ugly [J key]; 2 ⫽
medium [F key]; 3 ⫽ beautiful [A key]; Ishizu & Zeki, 2017;
Yeh et al., 2015, 2018). When the response was recorded, the
next trial started.

Reaction Time Task
The behavioral difference based on level of expertise could be
reflected in reaction time (RT). These RT data could give us an
insight into what happens in the brain, and how expert and nonexpert participants perceive façades differently. A new paradigm,
very similar to the previous paradigm, was designed to evaluate
RT in order not to affect the participants’ eye profile by forcing
them to select their preference quickly. In the new experiment, the
stimulus presentation time was reduced to a maximum of two
seconds. The numbers of blocks and trials were identical for the
primary paradigm (eye movement task) and by pressing the
three embedded keys, the participants were able to submit their
preferences for the represented façades. Noteworthy, another
set of participants was considered to participate in our RT
measurements.

Eye Tracking
Eye movements were recorded using an eye tracker (EyeLink
1000; SR-Research Ltd. ON Canada) with a sampling rate of 1,000
Hz. For stimulus presentation, a 17-inch (51-cm) CRT computer
display (Iyama HM204DT) with a refresh rate of 85 Hz was
employed. The display region covered an area of 35 ⫻ 25 cm
(1,280 ⫻ 1,024 pixels). Participants were placed at a distance of 57
cm from the screen. To prevent head movement and to provide
head support, a chin or forehead rest was used. MATLAB’s
Psychophysics Toolbox software created the stimuli alongside
Eyelink Toolbox for evaluation of eye movement’s profile. Before
initiating each block, a 9-point target was employed to calibrate

the eye position. This phase measured the spatial accuracy of
the calibration. The average and maximum error thresholds were
set to 0.5 and 0.9, respectively. If the accuracy of the evaluation
phase exceeded the mentioned thresholds, the recalibration phase
would be initiated. After the onset of the stimulus presentation, eye
movement data were gathered, and all fixations outside the aperture were removed.
There are two types of indicators for eye movement assessment,
including static (such as the number of fixations and duration of
fixations) and dynamic (such as the number, duration and amplitude of saccades, and scan path length) indicators (Zvyagina et al.,
2014), which are used in visual aesthetic studies (Locher, 1996;
Massaro et al., 2012). The indicators measured in this analysis are
briefly defined in Table 2.

Results
The results are reported in four parts, consistent with the research hypotheses: (a) We begin with a general analysis of the
façades based on participants’ aesthetic judgments, and examined
differences in preferred façades between two groups based on the
roles of material and expertise (research hypothesis 1—AJ part in
eye movement task); (b) We investigated eye indicators based on
the expertise factor. For this purpose, eye movement analysis is
performed during the aesthetic judgment of façades between the
expert and nonexpert groups (research hypothesis 2—EMR part in
eye movement task); (c) We investigated the preferred façades to
analyze the layers and elements that are important in visual exploration during aesthetic judgment (research hypothesis 3—EMR
part in eye movement task); (d) The visual stimulus might have
different processing demands between expert and nonexpert
groups. This cognitive load could be measured by fixation time in
eye-tracking data. We also designed a paradigm to evaluate the RT
of the participants as another indicator of cognitive load (research
hypothesis 4 —EMR part in eye movement task and RT task).
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Figure 2
Example of Façade Types
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Note. Each façade image is zoned based on its functional layers. See the online article for the color version of this figure.

H1: Analysis of Preferred Façades

H2: Analysis of Eye Movement Indicators

Based on the designed paradigm, at the first step, the differences between preferred façades of the expert and nonexpert
groups were discussed. Preferred façades are the façades that
have the highest frequency of beautiful ratings (see Eye Movement Task). The results demonstrated that nonexperts were
more likely than experts to assign a rating of beautiful to stone
façades (Wilcoxon’s rank sum test Z ⫽ 6.47, p ⬍ 10⫺10) and
mixed material façades (Wilcoxon’s rank sum test Z ⫽ 2.58,
p ⬍ .01; see Figure 4). Intragroup comparison of the participants in terms of material revealed a difference between the
stone and mixed material façades in the expert group (M ⬎ S,
Z ⫽ 6.47, p ⬍ 10⫺10).
For further analysis in relation to hypothesis 3, among 110
presented façade images, five façades with the highest selection
frequencies between the expert and nonexpert groups were considered. As shown in Figure 5, there was a significant difference
between the five most preferred façades in the two groups. Generally, the experts preferred mixed material façades, while the
nonexperts preferred the stone ones more frequently. This reflects
a difference in tastes between the community of experts and
nonexperts.

For investigating hypotheses 2– 4, we could effectively monitor
the eye movement profile of the participants by the use of eyetracking technology. In hypothesis 2, static and dynamic indicators
were examined to analyze the eye movement data on each façade.
According to Table 3, static indicators showed a difference between expert and nonexpert individuals. Furthermore, a significant
difference between the two groups was observed regarding the
dynamic indicators, the saccade duration (Z ⫽ 2.58, p ⬍ 10⫺2),
and the scan path length (Z ⫽ 4.41, p ⬍ 10⫺5).
Table 4 reports the eye movement indicators in terms of façade
images materials. In both stone and mixed material façade categories, there is a significant difference between the expert and
nonexpert groups in terms of the number of fixations and fixation
durations. The frequency of fixations for the expert participants
was smaller than in nonexperts. On the other hand, the fixation
duration for the experts was longer in comparison with the nonexpert groups. By investigating the saccade duration, it can be
observed that in the stone façades, there is a significant difference
between two groups (E ⬎ NE, Z ⫽ 2.58, p ⬍ 10⫺2), whereas in the
saccade amplitude, this significant difference was only noticed in
the mixed material façades (E ⬎ NE, Z ⫽ 3.89, p ⬍ 10⫺4). Review
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Figure 3
Experimental Paradigm
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Note. When the participants fixated their gaze to the center of the screen for 300 ms, they were
presented with an image of a façade for four seconds. Then, they were required to report their
aesthetic judgment by three predefined keys. Note that the represented images are not shown
in the aesthetic judgment (AJ) part and the three preference levels are merely described to the
participants. EMR ⫽ eye movement record. See the online article for the color version of this
figure.

of scan path length demonstrated that in the stone façades, the
value of scan path length assigned by experts was lower compared
to the path length assigned by nonexperts (Z ⫽ 4.41, p ⬍ 10⫺5),
whereas in the mixed material façades, this value tended to be
greater in expert participants, but the difference did not reach
statistical significance.

H3: Important Layers and Elements in the Visual
Exploration of Preferred Façades
To achieve the most important layers and elements, we could
apply three analyses: (a) General visual representation obtained
from Heat Map; (b) Analysis based on static eye movement
indicators in the façade’s layers to determine which layers have the
highest number of fixations and fixation duration; (c) Detailed
analysis of the elements of each layer of preferred façades by the
number of fixations. Heat maps could depict the visual attention of

participants, in which higher attended areas are red and less visited
ones are green (Massaro et al., 2012; Poole & Ball, 2005). In the
analysis of the Heat Map images, one of the preferred façades of
each group was compared with their comparison groups (CGs). A
mixed material façade preferred by the experts and its pertinent
layer-based heat map is presented in Figure 6a and 6c, respectively. In these images, the most significant attention by both
groups was related to the flower box element located in the third
layer (additional layer); however, the nonexpert group attended to
this element more exclusively. The nonexperts preferred image
was attributed to the stone façade (Figure 6b). As can be seen, in
the nonexperts’ preferred façade, the focus is on top of the façade
image, in lights and window frames, and ornamental frame of the
entrance as the constructive (Layer 2) and decorative (Layer 1)
elements. This is more evident in layer-based Heat Map analysis
presented in Figure 6d. In expert participants, more focus is on the

Table 2
Definition of Eye Movement Indicators (Summary of Terms Used)
Indicator

Description

SI
Fixation
Number of fixations
Fixation duration (ms)
DI
Saccade
Saccade duration (ms)
Saccade amplitude (°)
Scan path length (°)
Note.

Shortstops pauses in gaze position in specific positions (Holmqvist et al., 2011)
Number of fixations on areas with information relevant (Gegenfurtner et al., 2011)
Time of one fixation (Gegenfurtner et al., 2011)
Saccades separate fixations; Quick eye movements as the gaze travels from one fixation point to another (Kim et al., 2013)
The time takes to commit a saccade; the time between the departure of fixation and doing another one (Seideman et al.,
2018)
The amplitude of the saccade in visual degrees. The distance traveled by a saccade (Seideman et al., 2018)
Gaze positions and eye movements during observing the stimuli (Kim et al., 2013)

DI ⫽ dynamic indicators; SI ⫽ static indicators.
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Figure 4
The Average Proportion of Participants Who Preferred a Façade in the Aesthetic Judgment (AJ) Part
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Note. In all cases, the error bars are SEMs across images.
ⴱ
p ⬍ .01. ⴱⴱ p ⬍ 10⫺10 (Wilcoxon’s rank sum test). See the online article
for the color version of this figure.

porch. They shifted their gaze’s attention toward the lower part of
the building.
To evaluate the most important layer for each group, this section
is based on static eye movement indicators in façade layers to
determine which layers have the highest number of fixations and
fixation duration. According to Figure 2, each image has been
zoned based on its functional layers. These layers are our AOI that
help us investigate the number of fixations in each layer in detail.
As presented in Table 5, the analysis of preferred façades by
experts suggested that the highest average number of fixations
(FNmean) was in the context layer (FNmean ⫽ 4.51). Further, the
layer of additional elements (FNmean ⫽ 1.43), the layer of constructive elements (FNmean ⫽ 1.40), and the layer of decorative
elements (FNmean ⫽ 0.33) were also ranked with the next highest
number of fixations, respectively. Likewise, nonexperts’ rankings
from the highest number of fixations to the lowest ones were the
context layer (FNmean ⫽ 3.67), the layer of additional elements
(FNmean ⫽ 1.02), the layer of constructive elements (FNmean ⫽
1.39), and the layer of decorative elements (FNmean ⫽ 0.35),
respectively. Meanwhile, the other static parameter of the eye
movement (i.e., fixation duration) was examined for preferred
façades. The results showed that for experts the highest average
duration of fixations (FDmean) was in the constructive elements
layer (FDmean ⫽ 797.94) followed by the additional elements layer
(FDmean ⫽ 204.14), context layer (FDmean ⫽ 134.00), and decorative elements layer (FDmean ⫽ 86.44). On the other hand, the
constructive elements layer (FDmean ⫽ 576.68), decorative elements layer (FDmean ⫽ 188.16), additional elements layer
(FDmean ⫽ 177.30), and context layer (FDmean ⫽ 93.96) were
ranked as the nonexpert’s choices, respectively.
In the images preferred by the nonexperts, the analysis of the
layers’ importance based on the number of fixations and fixation
duration showed that the nonexpert group focused on the constructive elements layer, the decorative elements layer, context layer,
and additional elements layer, respectively. In other words, in the

images preferred by this group, the elements of the constructive
and decorative layer had the highest number of fixations and
received the maximum viewing time. These conditions have been
observed in the study of heat maps for a preferred façade of each
group. In general, the highest amount of visual attention in expert
groups are in context, additional, constructive, and decorative
layers and for nonexpert groups are constructive, decorative, context, and additional layers.
In this section, the elements of each layer of preferred façades
were examined (Figure 7 and Figure 8). Evaluation of the participants’ fixations analysis was manually performed on five preferred façades of each group. Whereas in the images preferred by
the experts more attention was paid to the context layer, parapet,
sash, and terrace in the constructive layer and flower box (greenery
on the façade) in the additional layer, in the comparison group
(nonexperts), in the same five preferred façades of experts, the
most attention was paid to the context layer, sash, and parapet in
the constructive layer and ornamental frame in the decorative
layer. Some elements such as terrace door in the constructive layer
and cordon and column in the decorative layer were attended to by
experts only (see Figure 7).
Similarly, as shown in Figure 8, the nonexperts’ fixations focused on the light, porch, and terrace in the constructive layer and
column and entablature in the decorative layer. In experts, more
attention was paid to the light, porch, and window frame in the
constructive layer and column, lighting, and ornamental frame in
the decorative layer. There was also a significant difference in
attention to the terrace body, flower box, stair, terrace door frame,
and terrace door element between the two groups.

F7, 8

H4: Cognitive Load Analysis
Expertise could also affect the cognitive experience of the participants. Here, we evaluated the cognitive load of participants in both
groups. Because RT is believed to be related to cognitive load (Korbach et al., 2017), we designed a task to measure RT (see Method).
Moreover, fixation duration is also related to cognitive load (Zvyagina
et al., 2014). In this way, we could argue that participants experienced
higher cognitive load in the presence of higher RT, and in relation to
higher fixation duration. According to Figure 9a, there is a significant
difference between the responses provided by both groups in total and
in response to the stone (Wilcoxon’s rank sum test; Z ⫽ 3.29, p ⬍
10⫺3) and mixed material façades (Wilcoxon’s rank sum test; Z ⫽
1.96, p ⬍ .05), indicating that the nonexperts group had a shorter RT.
It should be noted that in the main task (see Figure 3), the RT version
of the task was not used, and therefore all the results presented in the
results section here are related to the fixed duration (4 s) paradigm.
Also, according to Figure 9b, there is a significant difference between
the fixation duration of both groups in total and the stone (Wilcoxon’s
rank sum test; Z ⫽ 3.29, p ⬍ 10⫺3) and mixed material façades
(Wilcoxon’s rank sum test; Z ⫽ 1.96, p ⬍ .05), indicating that the
experts group had a longer fixation duration. These results suggest
that experts experienced higher cognitive load in their aesthetic judgment than nonexpert participants.
The results of this research yield several findings, which are
presented in Figure 10.

F9

F10
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Figure 5
Frequency of Preferred Façades
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Note. Red bullets show five of the most preferred façades with the highest selection frequencies in each group.
All of the five preferred façades in the expert group were related to mixed material façades, whereas four of five
façades were related to stone façades in the nonexpert group. See the online article for the color version of this
figure.

Discussion
This study aimed to investigate the impact of expertise on preference, visual exploration, and cognitive load experienced during the
aesthetic judgment of façades. For this purpose, a psychophysical
paradigm and eye tracking technology were utilized to discover differences between the visual exploration of experts in architecture and
nonexpert participants. Four hypotheses were tested. First, we were
interested in differences in preferred façades during participants’
aesthetic judgments (AJ). The results indicated that overall, nonexperts favored more façade images than the experts (see Figure 4).
Furthermore, experts preferred mixed material façades more than
stone façades, whereas nonexperts exhibited the opposite pattern. It
can be said that the stone façades in Tehran are more in line with the
tastes of nonexperts. On the other hand, one of the main reasons for
this difference could be formal academic education. Experts believe
that there is a wrong imitation of this style in its realization in Tehran,
and a lack of congruence in the S façades (what is being called a
“quasi-Roman” style) with the culture and style of Iranian architecture
(Zafarmandi & Imani, 2015). Therefore, experts are less inclined to
choose stone façades than nonexperts.

Leder et al. (2004) suggested that the more fluently an aesthetic
object is perceived and processed, the more favorable its evaluation will be, which means that symmetry and balance can be useful
in aesthetic evaluation. Research goes back centuries to determine
which visual patterns and symmetry appear pleasant to us (Salingaros, 2017, Salingaros & Masden, 2017, 2008; Sussman &
Hollander, 2015). According to Salingaros (2018), most people
feel emotionally and physiologically comfortable with architectural expressions created using traditional form languages and that
this is a point of biological and sociocultural significance. These
prepare an accessible mode of processing and a positive impact on
the façade evaluation. Also, following Hasse and Weber (2012),
for the judgment of interest, it seems that there is a link between
perceived compositional balance and the subjective interest in a
building. As can be seen, in stone façades, symmetry is one of the
most essential features. These façades have bilateral symmetry,
with a clear hierarchy, and a façade that has a face. This feature
could explain part of their appeal among nonexperts.
After investigating aesthetic judgment, eye movement indicators
received from eye tracker were compared for both groups. By

APA NLM
tapraid5/aca-aca/aca-aca/aca99920/aca0797d20z xppws S⫽1 12/24/20 9:21 Art: 2019-0302

JAM, AZEMATI, GHANBARAN, ESMAILY, AND EBRAHIMPOUR

10

Table 3
Results of Eye Movement Analysis: Eye Movement Indicators in
All Façades Image and Comparisons Between Expert and
Nonexpert Groups
Mean rank
Eye tracking indicators

E

NE

Z score

p value

12.57
284.07

12.98
267.26

5.73
4.89

p ⬍ 10⫺8
p ⬍ 10⫺6

57.53
5.68
71.09

53.60
5.53
72.39

2.58
1.23
4.41

p ⬍ .01
p ⬎ .22
p ⬍ 10⫺5
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SI
Number of fixations
Fixation duration (ms)
DI
Saccade duration (ms)
Saccade amplitude (°)
Scan path length (°)

Note. E ⫽ experts; NE ⫽ nonexperts; DI ⫽ dynamic indicators; SI ⫽
static indicators.

considering all the criteria, we could see an observable difference
in both groups (Table 3). We also examined the results in terms of
categories of façades. The statistical analysis revealed that for all
façades, experts had a smaller number of fixations and longer
fixation durations than nonexperts. In this regard, some authors
have reported that experts have more fixations with a shorter
duration than nonexperts. Keul et al. (2005) showed that the mean
fixation number is higher for architects (experts). Colaço and
Acartürk (2018) showed that the participants in the nonexperts
group indicated a longer fixation duration compared to that of
architect groups. A similar result was obtained for the number of
fixations on the stimuli between two groups, such that the mean
number of fixations of nonexperts was higher than that of the
experts. As such, the fixation duration results were inconsistent
with the results found in some previous research (Goldberg &
Kotval, 1999; Poole et al., 2005).
There might be a number of reasons why experts and nonexperts
exhibited differences in their eye-tracking behavior. Although the
participants did not observe any of the façade images before the
experiment, it can be presumed that the expert participants found
the presented images more familiar compared to their nonexpert
counterparts because of their expertise. They might also have
superior predictability (i.e., expectations) of what they were about
to observe compared to the nonexpert participants. This would be
consistent with the previous studies that showed that the longer an
individual’s expertise, the longer the fixation duration time, sug-

gesting that experts spent more time on some specific elements in
the façades in aesthetic judgment, leading to fewer but longer
fixations (Balslev et al., 2012; Giovinco et al., 2015). Consequently, they tend to explore less throughout the whole area, and are
more selective. Another explanation could emerge from the focal and
ambient processing (Rooney et al., 2017). The ambient (focal) processing subject would show fast saccades. As shown in Tables 3 and
4, nonexpert showed faster saccades which is consistent with ambient
processing that happens in the early stage of processing and could
account for exploring. Owing to the familiarly of the expert to the type
of showed images— because they have seen façades more than nonexperts in particular as a result of their expertise—the expert group
may skip the ambient process and do the focal processing all along
and this could result in slower saccades as we observed (see Tables 3
and 4).
Indeed, saccade duration (i.e., higher amplitude) and overall
scan path length may be changed because of a desire to explore
more or less of an image (Hollander et al., 2019). Based on the
results, the nonexperts tend to have faster and shorter saccades
through the stimuli, whereas in all the façades presented and also
their separation based on façade materials this issue is the opposite
among nonexperts. But there is a significant difference between
the two groups of experts and nonexperts in the fixation duration
of the all façade and stone façades (see Tables 3 and 4). Because
the expert participants tend to spend a far longer time on their
fixations, it can be inferred that their scan path should be smaller
than that of the nonexpert group. In other words, the nonexpert
group tends to explore more areas in the presented image, whereas
the experts tend to fixate on special elements. According to
the previous study, the gaze pattern of the architect was much more
centralized whereas the nonarchitects’ gaze covered the whole
image in the same period. It appears that an architect sees space
differently compared with a nonarchitect. The architect also tended
to explore the area in a much more strategic pattern than that the
nonarchitect (Lee et al., 2015; H2 partially confirmed).
Previous studies have evaluated components, affecting the aesthetics of buildings by a questionnaire and a statistical survey of
experts and nonexperts (Ghomeshi & Mohd Jusan, 2013; Ilbeigi &
Ghomeishi, 2017). In this study, how each group visually analyzed
their preferred images motivated us to evaluate the resulting visual
exploration of the architectural elements in preferred images of
both groups. In examining hypothesis 3, the heat map results
showed the approximate similarity of the two groups in viewing

Table 4
Results of Eye Movement Analysis: Comparison of Eye Movement Data of Expert and Nonexpert Groups in the M and S Façades
Mixed material façades

Stone façades

Mean rank
Eye tracking indicators

Mean rank

E

NE

Z score

12.75
276.23

12.93
270.73

2.58
2.58

p ⬍ .01
p ⬍ .01

55.28
5.95
75.23

54.64
5.67
73.75

1.23
3.89
1.70

p ⬎ .22
p ⬍ 10⫺4
p ⬎ .09

SI
Number of fixations
Fixation duration (ms)
DI
Saccade duration (ms)
Saccade amplitude (°)
Scan path length (°)
Note.

p value

E ⫽ experts; NE ⫽ nonexperts; DI ⫽ dynamic indicators; SI ⫽ static indicators.

E

NE

Z score

p value

12.39
291.91

13.03
263.79

5.73
4.89

p ⬍ 10⫺8
p ⬍ 10⫺6

59.79
5.42
66.95

52.57
5.40
71.03

2.58
1.23
4.41

p ⬍ .01
p ⬎ .22
p ⬍ 10⫺5
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Figure 6
Example of Heat Maps
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Note. Heat Map of (a) expert’s (E) preferred façade and their comparison groups (CG). (b) Nonexpert’s (NE)
preferred façade and their comparison groups. (c) Expert’s preferred façade based on layers. (d) Nonexpert’s
preferred façade based on layers. In the legend, layer classification of façade contains Layer 0: Context; Layer
1: Decorative elements; Layer 2: Constructive elements; Layer 3: Additional elements. See the online article for
the color version of this figure.

the images. Evaluating the attention of individuals in previous
studies showed that some regions of stimulus, which are brightest
and have higher color contrast, orientation change, variance, and
local symmetry, exhibit the highest attraction levels (Alexander,
2002, 2005; Askari, 2009; Henderson et al., 2007; Humphrey &
Underwood, 2009; Le Meur et al., 2007; Leder et al., 2004;
Parkhurst & Niebur, 2003). The heat map of the mixed material
façade (Figure 6a) revealed that the darker regions attract more
attention. This might be attributable to the placement of greenery
(flower box) in the façade’s ornamental frame with the darkest
color (wood color) among the other elements. Also, the greenery is
influenced by the observer’s explorative pattern and preference.
On the other hand, this part of the façade has a direction shift with
the horizontal and vertical ornamental frame, which was noted in
previous studies, which is one of the crucial factors in attracting
visual attention (Salingaros & Mehaffy, 2006). In the stone façades, both groups paid attention to the curve areas of the façade.
According to Salingarous’ cognitive rules, the existence of conflicts, details, or curved areas is necessary to the visual system, and

the experience of architectural forms (Gómez-Puerto et al., 2018;
Kazantseva & Ponkalo, 2014). The impact of symmetry on fixations toward the center and essential elements of the façade could
be detected for stone façades. According to Hasse and Weber
(2012), symmetry rather than balance seems to be an essential
factor in influencing the orientation of the gaze. A more detailed
examination showed that in preferred façades, experts paid more
attention to context, parapet, sash, terrace, and flower box, whereas
nonexperts paid more attention to the light, porch, terrace, column
and entablature (Figures 7 and 8). In our results, both groups tend
to focus on the center of the screen when they have been presented
an image for the first time. This phenomenon is known as “central
bias” (Tseng et al., 2009). Another explanation is that people could
optimally collect information while focusing on the center of the
image since they could collect data from all areas as well (Tatler,
2007; H3 confirmed).
Hypothesis 4 investigated the difference between experts’
and nonexperts’ cognitive load during the visual exploration of
façades. Based on previous studies, fixations could be related to

Table 5
Average Subjective Results of Static Eye Movement Indicators for Each Preferred Façade and Comparison Group (Regarding
Different Expertise) Based on Façades Layers
Layer 0
Context
Group
Experts
P
CG
Nonexperts
P
CG
Note.

Layer 1
Decorative elements

Layer 2
Constructive elements

Layer 3
Additional elements

NF

FD

NF

FD

NF

FD

NF

FD

4.51
3.67

134.00
93.96

0.33
0.45

86.44
188.16

1.40
1.39

797.94
576.68

1.43
1.02

204.15
177.30

2.40
1.35

235.33
205.34

3.42
3.27

516.85
310.30

4.01
3.94

1031.75
934.75

0.34
0.09

92.35
93.20

P ⫽ preferred façades; CG ⫽ comparison group; NF ⫽ number of fixations; FD ⫽ fixation duration.
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Figure 7
The Average Number of Fixations in Observed Elements of the Preferred Façades by the Experts (E) and in Comparison With Nonexperts (NE; Green)
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Note. See the online article for the color version of this figure.

information extraction strategies, and it is well-documented that
the fixation duration is an indication of a participant’s effort in
extracting information from visual stimuli. They are intimately
involved with the ability to encode spatially distributed information visually and can help us to understand which image
features attract our attention (Duchowski, 2007; Ito et al., 2018;

Zagermann et al., 2016). As illustrated in Figure 9b, our results
show that experts have a longer fixation duration than nonexperts; therefore, they appear to exert more mental effort to
evaluate the aesthetics of façades compared with nonexperts. It
can be inferred that the aesthetic judgment task showed a higher
cognitive load for the experts than the nonexperts. This phe-

Figure 8
The Average Number of Fixations in Observed Elements of the Preferred Façades by the Nonexperts (NE) and Their Comparison With Experts (E; Blue)
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Note. See the online article for the color version of this figure.
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Figure 9
Cognitive Load Assessment of Expert and Nonexpert Groups
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Note. (a) Reaction time (RT). (b) Fixation duration.
ⴱ
p ⬍ .05. ⴱⴱ p ⬍ .001 (Wilcoxon’s rank sum test), and error bars are SEMs. See the online article for the color
version of this figure.

nomenon could arise from the fact that the experts have more
criteria for their façade design judgments, which consequently
demands for higher cognitive load. Based on the material of
façades, experts in mixed material façades have a shorter fixation duration than the stone façades. Similarly, these results
may show experts’ higher cognitive effort in aesthetics judgment of stone material façades rather than mixed materials
ones.
Another indicator of the cognitive load is the participants’ RT
(Paas et al., 2003). Higher RTs indicate a higher cognitive load.

Because participants with higher expertise needed a longer time to
reach their decision, it could be inferred that they had a higher
cognitive load in relation to their judgments. These results are in
line with our fixation results in Figure 9b (H4 confirmed).

Conclusion
This research represents an attempt to investigate whether people with different expertise levels exhibit differences in visual
exploration during the aesthetic judgment of residential building

Figure 10
Results of the Research
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Note. E ⫽ experts; NE ⫽ nonexperts; S ⫽ stone façades; M ⫽ mixed material façades; NF ⫽ number of
fixations; FD ⫽ Fixation duration; SD ⫽ saccade duration; SA ⫽ saccade amplitude; SPL ⫽ scan path length;
RT ⫽ reaction time. See the online article for the color version of this figure.
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façades. Visual aesthetic evaluation of façades could be influenced
by physical elements and attributes of the façades, as well as
personal cognitive variables such as expertise. Therefore, there is
still a need to quantify the building façades’ impact on the human
experience objectively. In this regard, and from an applied perspective, the use of eye tracking techniques is a way in which
architects can gauge user visual feedback on building façades.
During the aesthetic judgment, it is essential to understand what
people’s attitudes and evaluations toward visual information in the
environment. This not only gives better ideas for environmental
assessment but also offers architects and urban designers a tool to
communicate with individuals and evaluate the influence of their
decisions. In other words, it helps architects to understand nonarchitects’ visual aesthetic judgments. In turn, architects can more
effectively predict the visual effects of their future design, leading
to more suitable facade designs by recognizing important and
different physical attributes of façades in each group. Therefore,
along with other instruments used in human behavior studies, an
eye tracker as a tool can be used to better understand the façade’s
visual impact on human visual perception and preference, contributing to an evidence-based approach for optimizing design solutions based on empirical evidence.
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