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Buildings are an integral part of our physical environment and have aesthetic significance with respect
to the organizational integrity of architectural elements. While Gestalt principles are essential in design
education, their relationship with architectural features remains understudied. The present study explored
how Gestalt principles and complexity levels influence evaluations of building fagades through the use of
questionnaires and eye tracking. Twenty-four two-dimensional black and white fagade drawings, manipu-
lated using selected Gestalt principles (similarity and proximity) to achieve different levels of complexity
(low, medium & high), were presented to 79 participants. The results suggested a negative linear relation-
ship between aesthetic ratings and complexity levels across selected Gestalt principles. In addition, as
expected, participants had the highest number of fixations, shortest fixation durations, and lowest aesthetic
ratings for higher levels of complexity. Results involving Gestalt principles revealed that proximity-based
designs received higher aesthetic ratings, demanded less time, elicited lower number of fixations, and
resulted in shorter fixation durations. Conversely, similarity-based designs received lower aesthetic ratings,
demanded more time, elicited higher number of fixations, and resulted in longer fixation durations. These
findings offer insights into architectural aesthetic experiences and inform future research directions.
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Introduction

Aesthetics is a complex phenomenon that is associated with beauty (Jacobsen et al., 2006),
pleasure (Graf & Landwehr, 2015), liking or appreciation (Corradi et al., 2019). Fundamentally,
explaining the nature of aesthetic experience is an important topic in psychology (Leder & Nadal,
2014). Aesthetic appeal is associated with an individual’s attention to objects, as people look long-
er at things they find beautiful or attractive (Moshagen & Thielsch, 2010), works of art (Mitchells,
1967; Wade, 2020), or their physical environment (Averill et al., 1998; Weber et al., 2002). Aes-
thetic experience is defined as a process of integration of sensory information, cognitive processes,
but also evolutionary responses. Therefore, the visual system plays an important role in interpret-
ing and making sense of the stimuli around us. When people encounter an object or work of art,
their visual perception goes through a complex interaction that involves the analysis of many ele-
ments such as shapes, colors, textures and spatial relationships (Clay et al., 2020; Friedenberg &
Liby, 2016). Complexity has been regarded as an important feature in aesthetic evaluation
(Berlyne, 1974). Although the definition of complexity may depend on the specific field of study,
it is generally interpreted as the difficulty of understanding the whole with countless parts. Fur-
thermore, it is argued that the importance of complexity in our perception is well derived from the
development of Gestalt psychology (Donderi, 2006). This is because the human cognitive system
may more effectively comprehend the complexity of a composition when it is organized in a struc-
tured manner. Visual perception, that is, the information that reaches the eye, is followed by the
processing and organizing of that information (Fink et al., 2019; Rayner, 1998; Rosenberg &
Groner, 2022).

The connection between individuals and their living environments, as well as their aesthetic as-
sessments of those surroundings, such as building fagades, presents ample research opportunities.
In empirical aesthetics, architectural fagade organizations have been studied (Hasse & Weber,
2012; Lisinska-Kusnierz & Krupa, 2020). Architectural organizations and people’s aesthetic eval-
uations have generally been studied in relation to compositions at different levels of complexity
(Akalin et al., 2009; Heath et al., 2000; Imamoglu, 2000; Kaplan et al., 1972). However, the inter-
action of organizational elements of Gestalt principles and complexity levels on subjective evalua-
tions of building fagades has not yet been investigated. Therefore, the first aim of the present study
was to explore how the stimulus organization obtained by Gestalt principles interacts with peo-
ple’s aesthetic evaluations at different complexity levels for building fagades. There are many
studies (Forster et al., 2015; Reber et al., 2004; Rossel et al., 2023; Seckler et al., 2015;
Winkielman et al., 2003) about how people perceive and evaluate their environment using subjec-
tive methods. However, perception is a voluntary activity (Baars & Gage, 2010) and there has
been little quantitative analysis using both the subjective and objective evaluations of participants.
Motivated by the above considerations, the second aim of the study was to analyze the participants'
subjective and objective evaluations together in a perception study. Therefore, in addition to using
a questionnaire to obtain subjective evaluations from participants, the present study also used an
eye-tracking system to obtain objective evaluations of participants from their visual scanning be-
havior.

Literature Review

Complexity, Gestalt and Aesthetic Evaluations

Complexity was found to be a significant influence on aesthetic evaluation (Chassy et al.,
2017; Imamoglu, 2000; Jacobsen & Héfel, 2002; Tinio & Leder, 2009). Birkoff (1932) expresses
the relationship between aesthetics and complexity with a mathematical formula. He argues that
aesthetic ratings tend to be positively correlated with order, while being negatively correlated with
complexity. According to his approach, organized and simple objects have the highest aesthetic
value, and many studies have supported this linear relationship (Birkhoff, 1932; Chassy et al.,
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2017; Gartus & Leder, 2017; Tinio & Leder, 2009). In contrast to the approach of Birkoff, Berlyne
(1958) defines complexity as irregularity of shape and suggests that there is an inverted U-shaped
relationship between hedonic experience and complexity. Accordingly, stimuli with a medium
level of complexity would be preferred more than the others. Numerous studies, such as studies of
urban landscape visual material (Kaplan et al., 1972), architectural building (Imamoglu, 2000;
Nasar, 2002) and fagade illustrations (Nasar, 2002), support Berlyne’s hypothesis.

As the complexity of the environment increases, there is a greater need to simplify and con-
dense incoming information to effectively comprehend and orient ourselves (Von Meiss, 1989). In
terms of perceiving the physical environment, the control of complexity is the basis of Gestalt
theory (Donderi, 2006) which is concerned with the spontaneous organization of the human brain
in the physical environment (Koffka, 1935). By understanding the natural structure of information
in our minds, researchers have gained insights into cognitive processes and human behavior. The
development of the Gestalt psychology movement can be seen as a reaction to the then dominant
reductionist approach which sought to understand the mind by dissecting it into its component
parts (Koffka, 1935). In short, the theory posits that when people are exposed to unfamiliar visual
information, the mind organizes the data by focusing on the form as a whole, rather than its com-
ponent parts (Chuang et al., 2023; Koffka, 1935; Wertheimer, 1922). The theory aims to explain
how people arrange visual elements to form a whole, employing grouping principles. These prin-
ciples, known as Pragnanz, are also referred to as the Gestalt principles of visual organization.

Aesthetic evaluation is a crucial concept in design disciplines such as architecture, interior de-
sign and visual design, and Gestalt theory is a central theme in studies examining the relationship
between perception and aesthetic evaluation. Although the number of experimental studies ex-
plaining the effect of Gestalt principles on aesthetic evaluation is limited, it has been shown that
images with similarity properties have lower beauty ratings than those with closure, proximity, and
figure-ground properties (Chuang et al., 2023). People spontaneously perceive information about
their physical environment and transform it into aesthetic-evaluative outcomes through eye-brain
cooperation (S. Lee et al., 2015; Weber et al., 2002). The Bauhaus masters stated that ‘dots’ are
the foundation of design and these dots combine to create lines, textures and volumes (Lang,
1987). The Bauhaus master's basic design theory is based on the Gestalt theory of perception.
According to this, the aesthetics of architecture is emphasized by the principles of the organization
of architectural forms and the propositions of their elements (Lang, 1984); that is, the basic ele-
ments of geometry follow the compositional organizations. Architectural experience is influenced
by the form of the physical environment (Weber et al., 2002), and aesthetics in architecture is
constructed by the geometric organization of elements that are evaluated by architects or interior
designers guided by Gestalt theory (Lang, 1994). People cannot perceive their physical environ-
ment in a random order, and Gestalt theory supports the organization of elements (Uzunoglu &
Uzunoglu, 2011). If the forms are organized according to Gestalt law, they are referred to as ‘good
forms’, but this is not precisely an evaluative statement (Lang, 1987), as there is no evidence in
Gestalt theory to suggest that good and attractive are equivalent (Lang, 1994). In addition, Arn-
heim (1954) defined the Gestalt approach to architectural form and showed that it could be ana-
lyzed on the basis of symmetry, size, quantity and location of forms.

Aesthetic Evaluations and Eye Tracking

Eye movements have been regarded as an integral and essential part of visual perception
(Nisiforou & Laghos, 2016). We can obtain the brain's high-level unconscious brain activity pro-
cesses and visual perception by observing eye responses (Rayner, 1998). For this reason, eye-
tracking systems are utilized to investigate the eye movement behavior of individuals, potentially
elucidating underlying brain activity (Nayak & Karmakar, 2019; Rosenberg & Groner, 2022).

Architectural works are complex physical structures both in two and three dimensions. Accord-
ingly, in recent years, eye-tracking systems have been used to analyze the perceptual evaluations
of physical spaces (Colago & Acartiirk, 2018; De Cock et al., 2019; Evans et al., 2012; S. Lee et
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al., 2015; Liu et al., 2020; Tuszynska-Bogucka et al., 2020; Viaene et al., 2016; Weber et al.,
2002), the effect of three-dimensional environments on liking (S. Lee et al., 2015), environmental
complexity on aesthetic evaluations (Rosas et al., 2023), and the effect of balance of fagcade com-
positions on aesthetic judgment (Hasse & Weber, 2012). In this regard, eye metrics of fixations
and saccades have been seen as the main measures of exploring individuals’ engagement with and
perception of the visual world (Beelders & Luna, 2020). Visual perception processes occur during
a fixation (Krueger et al., 2019; Mahanama et al., 2022). Number of fixations refers to the fre-
quency of occurrence of a particular state, while fixation duration states the duration of time dur-
ing which the eye remains motionless while looking at a specific region, measured in milliseconds
(Chuang et al., 2023). Fixations are the intervals that occur between saccades (synchronous
movement of the eyes from point to point while scanning the visual field), during which the eyes
remain relatively stationary (Pannasch et al., 2008).

Experimental evaluation on visual search points to the effect of stimuli complexity on eye
movements; for example, in related studies, complexity of images was determined based on fixa-
tion and saccade gaze points, such that the number of fixations increased (Guo & Hall, 2009; Q.
Wang et al., 2014), trial duration increased (Brieber et al., 2018; Chassy et al., 2015; Q. Wang et
al., 2014) and fixation duration decreased (Goldberg, 2012; Ishrat & Abrol, 2020) during exposure
to complex stimuli. Based on the findings from empirical aesthetics, it is suggested that visual
fixations play a role in aesthetic evaluations and fixation duration, number of fixations, and total
viewing duration, are significantly correlated with aesthetic ratings (Y. Wang et al., 2023). Longer
fixation durations with lower number of fixations are associated with higher aesthetic ratings
(Marin & Leder, 2022). Furthermore, in a study of Gestalt principles on photographic
compositions, participants had the greatest number of fixations and the lowest aesthetic ratings in
response to photographs organized using similarity compared to closure, figure-ground and
proximity (Chuang et al., 2023).

Research Questions and Hypotheses of the Study

As can be inferred from the studies mentioned above, the effect of visual organization obtained
by Gestalt principles on aesthetic evaluation (to our knowledge) has not yet been investigated from
an architectural point of view. Architectural organizations and people’s aesthetic evaluations have
generally been studied in relation to compositions at different levels of complexity (Devlin &
Nasar, 1989; Ghomeshi & Jusan, 2013; Hasse & Weber, 2012; Imamoglu, 2000; Kaplan et al.,
1972). However, the interaction of organizational elements of Gestalt principles and complexity
levels on objective evaluations in architectural studies remain an open question. For this reason,
we posed two research questions and hypotheses to achieve the objective of our study, which are
detailed below.

Research Question 1: How are Gestalt principles and participants’ aesthetic evaluations of
facade compositions related at different levels of complexity?

Hypothesis la: In line with the findings which associate simple and well-organized objects
with highest aesthetic values (Birkhoff, 1932; Chassy et al., 2017; Gartus & Leder, 2017; Tinio &
Leder, 2009), we hypothesized that aesthetic rating of fagade compositions would be negatively
correlated with their complexity levels.

Hypothesis 1b: Based on the past literature (Chuang et al., 2023) we hypothesized that facade
compositions designed with the manipulation of the similarity principle would have lower
aesthetic ratings than the ones designed with the manipulation of the proximity principle.

Research Question 2: How do the effects of Gestalt principles and levels of complexity
influence participants’ eye metrics in response to fagade compositions?

Studies describe the role of visual fixations in defining visual complexity and aesthetic
evaluations (Brieber et al., 2018; Chassy et al., 2015; Goldberg, 2012; Guo & Hall, 2009; Ishrat &
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Abrol, 2020; Q. Wang et al., 2014). In those studies, visual fixation data are characterized by
fixation duration, number of fixations, and total viewing time.

Hypothesis 2a: As visual complexity increases, aesthetic evaluation and, consequently, fixation
duration decrease (Goldberg, 2012; Ishrat & Abrol, 2020; Marin & Leder, 2022). Thus, we
hypothesized that participants would have the lowest fixation duration scores at high complexity
levels.

Hypothesis 2b: Past studies indicate that as visual complexity increases, aesthetic evaluation
decreases, and consequently, the number of fixations increases (Guo & Hall, 2009; Marin &
Leder, 2022; Q. Wang et al., 2014). Accordingly, we hypothesized that participants would have
the highest number of fixations at high complexity levels.

Hypothesis 2c: In line with past reports stating that as visual complexity increases, aesthetic
evaluation decreases, and consequently, total viewing time increases (Brieber et al., 2018; Chassy
et al., 2015; Q. Wang et al., 2014), we expected that participants would have the highest total
viewing duration scores at high complexity levels.

To address our aims and test our hypotheses, we investigated participants’ aesthetic evaluations
and gaze metrics in response to fagade compositions designed with the manipulation of the
selected Gestalt principles (similarity and proximity).

Methods

Participants

A total of 79 participants (49 female, 30 male; Mage =27.92, SDage =2.90, range: 25-32 years)
were included in the analyses (11 participants were excluded from the study due to unstable eye
movements). All participants included in the analysis had normal or corrected-to-normal vision.
The study corresponds with the ethical standards of the Declaration of Helsinki and the ethical
regulations at University of Vienna and Bilkent University.

Visual Stimuli

The instruments have been designed by two designers with graduate degrees in architecture.
Within the scope of the study, two Gestalt principles suitable for manipulation in 2-dimensional
facade design, namely similarity and proximity, were selected (Nan et al., 2011). Additionally, in
light of previous studies (Heath et al., 2000; J. H. Lee & Ostwald, 2023), additional elements that
would give the facade a different identity, such as ornamentation, were not included in the facade
drawings. For this reason, in our study, we utilized the same number of elements at all levels of
complexity. While color seems to have an impact on our cognition, affect and behavior, it may
also influence our aesthetic preferences (Elliot & Maier, 2014; Schloss & Palmer, 2011). Thus, to
reduce the potential influence of color and individual preference (Acking & Kuller, 1972), the
stimuli were produced in black and white.

To control for familiarity, a group of drawings was produced using photographs of existing
buildings in Vienna, since all participants were residents of the city. After examining the building
facades, we chose windows with either orthogonal or circular designs. Observing that most
buildings were 3 to 5 stories high, we standardized the facade drawings to a 3-story structure to
reduce complexity. After the initial images to be used in the study were created, 15 architects,
serving as experts, assessed the complexity levels of 36 manipulated facade drawings. These
drawings were divided equally, with 18 manipulated according to the similarity principle and the
other 18 according to the proximity principle. The architects rated the complexity of each drawing
using a 7-point Likert scale with bipolar adjectives, ‘simple — complex’. Following the ratings, the
distributions of the complexity ratings for each drawing were examined, and 12 drawings that did
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not exhibit a normal distribution were not included in the main study. A total of 24 facade
drawings were used in the main study, 12 of which were manipulated according to the similarity
principle and the remaining 12 according to the proximity principle (see Figures 1 & 2). The
facade drawings in both groups were divided into three subgroups based on the mean complexity
ratings: low complexity (consisting of images with average ratings of 1 to 4), medium complexity
(consisting of images with average ratings of 5 to 8), and high complexity (consisting of images
with average ratings of 9 to 12).

Figure 1.

Building facade drawings manipulated according to the similarity principle
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Figure 2.

Building facade drawings manipulated according to the proximity principle
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The principles of Gestalt theory that are relevant to our research will be presented below (see
Figures 3 & 4).

(i) Similarity: As per the similarity principle, parts that exhibit similar characteristics are percep-
tually grouped together (see Figure 3; Palmer & Rock, 1994); in the present study, the similarity
principle was manipulated according to the shape differences of the windows (see Figure 4). As
more variations in geometric differences (orthogonal vs circular) are introduced to the window
frame groups, the complexity levels of fagades increase (see Figure 1).

(ii) Proximity: According to the proximity principle, people tend to perceive those objects that are
close to each other as part of a group (see Figure 3; Wertheimer, 1922). Thus, in the present study,
we manipulated this principle by altering the distances between the windows (see Figure 4). As
more variations in distance differences are introduced to the window frame groups, the complexity
levels of the fagade increase (see Figure 2).

Figure 3.

Hllustrations of Gestalt principles of similarity and proximity (adapted from Zakia, 2002)

Similarity Proximity
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Figure 4.

An example of illustrations of the present study demonstrating the manipulation of stimuli in ac-
cordance with Gestalt principles of similarity and proximity (adapted from Zakia, 2002)
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Questionnaire

The survey data consisted of two parts. The first part comprised a 7-point Likert scale bipolar
adjective question, ‘simple-complex’ designed to measure the level of complexity perceived by the
participants for each stimulus. The perceived complexity ratings were used to verify that partici-
pants perceived the level of complexity of the drawings as manipulated (see Results section). The
second part consisted of participants’ evaluations of each stimulus using 7-point Likert scales in
terms of the following bipolar adjectives: unpleasant-pleasant; distressing-relaxing; meaningless-
meaningful; chaotic-coherent; commonplace-novel; unclear-clear. Survey questions were pre-
pared with reference to previous studies (Devlin & Nasar, 1989; Wagemans et al., 2012) and the
mean of the participants’ responses was included in the study as the participants' aesthetic ratings.

Measures and Procedure

The experiment was conducted in The Research Focus Empirical Visual Aesthetics Lab at the
University of Vienna. Eye movement data were collected during participants' exposure to the
stimuli. Each participant’s eye movements were recorded using an eye tracker (EyeLink 1000; SR-
Research Ltd., Mississauga, Ontario, Canada) with a monocular sampling rate of 250. The stimuli
drawings displayed on a 22-inch screen (resolution 1028x1024). Participants were positioned with
a 60-centimeter distance from the screen. A chin and forehead rest were used to support the head
and prevent head movement. There was no time limitation during the experiment. The study phas-
es are described below (see Figure 5).

(1) The participant’s dominant eye was identified, and eye calibrations were performed.

(i1) The fixation point was used as a focal point to facilitate eye calibration for each image.
Participants directed their gaze to the fixation point prior to each manipulated stimulus and gained
visual access to the images on the screen by fixating on this point.

(iii) Participants completed four practice trials in which they were familiarized with the task.

(iv) After concluding the trial tests, participants were automatically directed to the main
study. Participants were free to explore the stimuli on the screen at their own pace, during which
their eye movements were recorded. Once they felt ready, they were prompted to press any key on
the keyboard to access the questionnaire related to the presented stimulus.

(v) Participants answered the questionnaire in the survey verbally, and no eye movements
were recorded during this process.

After verbally answering the questions about the manipulated stimuli, they pressed any key on
the keyboard to see the screen with the fixation point of the next stimuli. The stimuli were
randomly ordered by EyeLink 1000 Experiment Builder. The study continued in this way for 24
images.
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Figure 5.

The procedure for collecting data

*Randomly ordered images
Eye Calibration \
Fixation Point \ 2,
T
sta
Image (24 in total) * &y
Questionnaire for \
Image

Completion of the
Study

Results

Validation of Complexity Levels

As mentioned above, an analysis was carried out to explore whether the complexity
manipulated by the experts (architects) was valid in relation to the perceived complexity of the
participants. We found a positive correlation between manipulated complexity ratings and
participants’ perceived complexity ratings. There were highly significant correlations for both
facades manipulated with the similarity principle and those manipulated with the proximity
principle, » = 0.95, p < .001 and r = 0.92, p < .001, respectively. Thus, drawings were generally
perceived as manipulated in terms of complexity.

The Influence of Gestalt Principles and Complexity on Aesthetic Evaluation

As mentioned earlier, the questionnaire was used to examine participants' aesthetic evaluations
of building fagade drawings. To examine the effects of Complexity Levels (3 levels) and Gestalt
principles (2 levels) on participants’ aesthetic evaluation, a two-way Repeated Measures ANOVA
was conducted. There was a significant main effect of level of complexity on participants’ aesthet-
ic ratings (F(2,156) = 37.98, p <.001, #p? = .33). In line with our Hypothesis la (i.e., fagade com-
positions rated more aesthetically would have a negative correlation with complexity), a post-hoc
pairwise comparison with a Bonferroni adjustment indicated that the low complexity facade com-
positions (M = 3.97, SD = .06) received higher aesthetic ratings than the medium (M = 3.89, SD =
.05) and high complexity ones (M = 3.64, SD = .06). There was a negative linear relationship be-
tween participants’ aesthetic ratings and complexity level (see Figure 6). As a result, we could
confirm Hypothesis 1a.

Moreover, there was a significant main effect of level of Gestalt principles on participants’ aes-
thetic ratings (F(1,78) = 12.57, p = .001, #p ? = .14). In line with our Hypothesis 1b (i.e., fagade
compositions designed with the manipulation of the similarity principle would have lower aesthet-
ic ratings than the ones designed with the manipulation of the proximity principle), a post-hoc
pairwise comparison with a Bonferroni adjustment indicated that fagades designed with the ma-
nipulation of the similarity principle (M = 3.75, SD = .05) were rated aesthetically lower than the
ones designed with the manipulation of the proximity principle (M = 3.91, SD = .05). Therefore,
Hypothesis 1b could be confirmed. Overall, the results indicated a negative linear relationship
between aesthetic ratings and complexity levels across selected Gestalt principles (see Figure 6).
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Figure 6.

The interaction of Gestalt principles and complexity levels on participants’ aesthetic ratings

hManipuIated fagade
designs with the
similarity principle
Manipulated fagade
designs with the
proximity principle

5.00

4.007]

3.00]

Aesthetic Ratings

2.00

1.00+

0.00-

Low Level Complexity Medium Level Complexity High Level Complexity
Complexity Levels

Error Bars: 95% CI

The Influence of Gestalt Principles and Complexity on Eye Movements

With respect to visual attention, we included the average fixation duration, number of fixa-
tions and viewing duration as eye tracking metrics (Colago & Acartiirk, 2018; S. Lee et al., 2015;
Park et al., 2019; Weber et al., 2002). Regarding the second aim of the study, to examine the ef-
fects of Complexity Levels (3 levels) and Gestalt principles (2 levels) on participants’ objective
evaluations, again a two-way Repeated Measures ANOVA was conducted. In line with our Hy-
pothesis 2a (i.e., participants would have the lowest fixation duration scores at high complexity
levels), there was a significant main effect of level of complexity on participants’ average fixation
duration scores (F(2,156) = 7.40, p = .01, np ? = .09). A post-hoc pairwise comparison with a Bon-
ferroni adjustment indicated that participants’ average fixation duration scores at high complexity
level (M = 249.98, SD = 4.86) were significantly lower than medium (M = 270.60, SD = 7.23) and
low complexity levels (M = 262.41, SD = 6.67). In line with our Hypothesis 2b (i.e., participants
would have the highest number of fixations at high complexity levels), there was a significant
main effect of level of complexity on participants’ number of fixations (F(2,156) = 17.63, p <
.001, np ? = .18). A post-hoc pairwise comparisons with a Bonferroni adjustment indicated that
participants’ number of fixations at high complexity level (M = 36.64, SD = 2.25) were significant-
ly higher than medium (M = 33.91, SD = 2.20) and low complexity levels (M = 31.02, SD = 1.75).
In line with our Hypothesis 2c (i.e., participants would have the highest total viewing duration
scores at high complexity levels), there was a significant main effect of level of complexity on
participants’ total viewing duration (F(2,156) = 4.19, p = .02, np ? = .05). A post-hoc pairwise
comparisons with a Bonferroni adjustment indicated that participants’ total viewing duration
scores at medium (M = 41103.64, SD = 1350.48) and high complexity levels (M = 40796.18, SD =
1345.01) were significantly higher than low level complexity level (M = 39565.08, SD = 1345.16).
However, there was no significant difference between participants’ total viewing duration scores at
medium and high level complexity. The analyses indicated that hypotheses 2a, 2b could be con-
firmed while Hypothesis 2¢ had to be rejected.
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There was a significant interaction between complexity levels and Gestalt principles on partic-
ipants’ average fixation duration (F(2,156) = 3.45, p = .03, 5p ? = .04). A significant interaction of
complexity levels and Gestalt principles was observed in terms of average fixation duration scores
at the high complexity level, where participants had the lowest aesthetic ratings. A post-hoc pair-
wise comparison with a Bonferroni adjustment indicated that participants’ average fixation dura-
tion scores were lower for stimuli manipulated with the principle of proximity (M = 237.98, SD =
5.54) compared to those designed with the manipulation of the similarity principle (M=
261.98, SD = 6.17) at high complexity levels. An inverted U-shaped relationship was observed
between the average fixation duration scores and the level of complexity for both the manipulation
of the principles of similarity and proximity (see Figure 7).

Figure 7.

The interaction of Gestalt principles and complexity levels on participants’ average fixation dura-
tion
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There was a significant interaction between complexity levels and Gestalt principles on partic-
ipants’ number of fixations (F(2,156) = 3.86, p = .02, yp ? = .05). A significant interaction of com-
plexity levels and Gestalt principles was observed in terms of number of fixations at the low com-
plexity level, where participants reported highest aesthetic ratings. A post-hoc pairwise compari-
son with a Bonferroni adjustment indicated that the participants’ number of fixations in low com-
plexity levels were higher for fagades designed with the manipulation of the similarity principle
(M =33.18, SD =2.09) compared to those designed with the manipulation of the proximity princi-
ple (M = 28.86, SD = 1.61). A positive linear relationship was observed between the number of
fixations and the level of complexity for both the principles of similarity and proximity (see Figure
8).
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Figure 8.

The interaction of Gestalt principles and complexity levels on participants’ number of fixations
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The interaction of complexity levels and Gestalt principles was not observed in total viewing
duration results of the participants (£(6,468) = .73, p = .50, yp ° = .009). An inverted U-shaped
relationship was observed between the total viewing duration and the level of complexity for both
the principles of similarity and proximity (see Figure 9).
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Figure 9.

The interaction of Gestalt principles and complexity levels on participant’ total viewing duration

hManipulated fagade
designs with the
i similarity principle
50,000.00 Manipulated fagade
designs with the
proximity principle
40,000.00
c
2
®
-
3 30,000.00-
a
=)
£
=
2
= 20,000.00
10,000.00-
0.00-

Low Level Complexity Medium Level Complexity High Level Complexity
Complexity Levels

Error Bars: 95% ClI

The Influence of Gestalt Principles and Complexity on Participants’ Visual
Attention

Heat maps from eye movement data model participants’ visual attention within design compo-
sitions (Bailey-ross et al., 2019). They provide an alternative visualization for aggregate fixation
data (Fairbairn & Hepburn, 2023), using a color spectrum where red indicates higher attention
area. In the present study, heat maps obtained from vision fixations were utilized to identify users’
points of interest in fagade compositions (see Figure 10). As the complexity level of building fa-
cade designs increased and aesthetic evaluation ratings decreased in parallel, the participants’
scanning paths became narrower. While at low complexity, attention was observed over almost the
entire fagade; as complexity increased, attention shifted to the area where the manipulated Gestalt
principles were located, resulting in a narrower scanning area of the architectural fagade. For fa-
cades where the similarity principle was manipulated, attention was directed towards differences
in the shape of window frames, while for facades where the proximity principle was manipulated,
attention was directed towards the distances between window frames.
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Figure 10.

Heat maps illustrating visual attention patterns for building facade drawings
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Discussion

The Influence of Gestalt Principles and Complexity on Aesthetic Evaluation

The influence of Gestalt principles and levels of complexity on aesthetic evaluations were in-
vestigated as the first aim of the study. The results regarding the relationship between manipulated
and perceived complexity showed that participants perceived the complexity levels of the draw-
ings as intended. These findings underscore the accuracy and reliability of the experimental proce-
dures. The results indicated that the level of complexity had a statistically significant effect on
aesthetic ratings, and that the low complexity facade compositions received higher aesthetic rat-
ings than the medium and high complexity ones. This finding is consistent with previous research
(Chassy et al., 2017; Gartus & Leder, 2017; Miniukovich & Marchese, 2020), in which the level of
complexity had a negative linear relationship with participants' aesthetic ratings. This suggests a
preference for simpler fagade compositions compared to more complex designs. In addition, fa-
¢ades designed with the manipulation of the proximity principle received higher aesthetic ratings
than those designed with the manipulation of the similarity principle. Beyond those findings, this
study aimed to bridge theoretical and empirical perspectives in the field of architectural aesthetics
and may be a first step toward the exploration of how the interaction of Gestalt principles and
levels of complexity influence participants’ aesthetic ratings. The results revealed that there was a
negative linear association between aesthetic ratings and levels of complexity for all fagade com-
positions manipulated with respect to the selected Gestalt principles. This would imply that —
with or without the consideration of specific Gestalt principles — participants’ aesthetic ratings
tend to decrease with increasing levels of architectural design complexity.
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The Influence of Gestalt Principles and Complexity on Eye Movements

Regarding the second aim of the study, higher number of fixations and shorter fixation dura-
tions were reported in participants’ eye movement data when exposed to a high complexity archi-
tectural facade, which is consistent with previous findings (Chassy et al., 2015; Goldberg, 2012;
Guo & Hall, 2009; Ishrat & Abrol, 2020). Participants exhibited shorter fixation durations and
higher number of fixations at the high complexity level, suggesting a fast and broad visual explo-
ration strategy in response to complex stimuli. In more detail, fagades designed with the manipula-
tion of the similarity principle received lower aesthetic ratings, demanded more time, elicited
higher number of fixations, and resulted in longer fixation durations. In contrast, fagades designed
with the manipulation of the proximity principle received higher aesthetic ratings, demanded less
time, elicited lower number of fixations, and resulted in shorter fixation durations at all complexity
levels. The observed differences in fixation patterns between designs manipulated with similarity
and proximity principles may reflect underlying perceptual processing strategies. Designs that use
the principle of similarity increase visual coherence by grouping elements according to common
characteristics, such as color or shape, and encourage viewers to process them collectively
(Treisman & Gelade, 1980). Fagades designed by similarity may impose a higher cognitive load
due to uniformity or repeated patterns, and require more effort to process and differentiate ele-
ments. In contrast, the proximity principle involves placing elements close together for unity and
organization; it aids a quick understanding of the layout, but does not mandate in-depth explora-
tion of individual elements. Since the design elements are perceived as harmonious wholes, it may
lead to faster aesthetic judgements and less cognitive load for the participants (Palmer & Rock,
1994).

Furthermore, the medium complexity level for fagade compositions resulted in a significantly
higher total viewing duration compared to the high complexity level. This suggests that, contrary
to our hypothesis, participants spent less viewing duration for highly complex architectural fa-
¢ades. The reason for this might be that individuals tend to spend more time on stimuli of moder-
ate complexity because they may be perceived as more interesting and easier to process (Hasse &
Weber, 2012), and this is in line with the principles of cognitive load theory, which suggests that
individuals may preferentially allocate cognitive resources to stimuli that are neither too simple
nor too complex (Sweller, 1994). Therefore, the observed pattern of viewing duration may reflect
participants' tendency to engage more deeply with moderately complex stimuli, thus highlighting
the importance of considering levels of complexity in architectural design to optimize viewer en-
gagement and aesthetic experience.

Overall, in our study, the combination of questionnaire and eye-tracking data allowed us to ob-
tain a more comprehensive and in-depth perspective on aesthetic judgement. We used question-
naire data to measure participants’ consciously expressed aesthetic preferences and subjective
responses, but this has limitations; it may not accurately reflect participants' visual processing.
Therefore, in our study, we used eye tracking devices to directly explore visual attention and pro-
cessing processes. This combined approach provided an opportunity to understand participants'
visual processing processes in conjunction with their reported subjective responses. The current
study may contribute to our understanding of the relationship between Gestalt principles, complex-
ity levels, and eye metrics in architectural design. The detailed patterns noted within the study
would substantiate that features of organizational elements and complexity have to be considered
for the design of architectural elements to be aesthetic. The findings of the present study within an
architectural context may lead the way to further interdisciplinary research that intersects cognitive
psychology, aesthetics, and design that may contribute to the body of knowledge regarding how
individuals engage with and perceive their built environment.
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Conclusions and Limitations

The present study contributes to the existing literature by providing empirical evidence on the
dynamic relationship between Gestalt principles, levels of complexity and aesthetic evaluations of
fagade designs. Our findings highlight the following points.

(1) Participants seemed to prefer simpler fagade compositions than more complex ones,
hence implying that there may be a negative linear relationship between complexity and aesthetic
ratings.

(i1) As the level of complexity increased, the visual attention of the participants exhibited nar-
row scan paths on the fagades.

(iii) Furthermore, proximity was also found to be a key determinant of aesthetic preference,
resulting in higher ratings compared to similarity.

(iv) Eye tracking data revealed distinct patterns of visual exploration characterized by shorter
fixation durations and a higher number of fixations for designs with high complexity.

(v) Facades designed with the manipulation of the proximity principle received higher aes-
thetic ratings, demanded less time, elicited lower number of fixations, and resulted in shorter fixa-
tion durations. Conversely, fagades designed with the manipulation of the similarity principle
received lower aesthetic ratings, demanded more time, elicited higher number of fixations, and
resulted in longer fixation durations.

These findings highlight the importance of considering both organizational elements and com-
plexity in architectural aesthetics. However, certain limitations should be acknowledged. First, the
study was conducted with two-dimensional architectural fagade drawings without any detailed
elements, which may restrict the generalizability of the results. Future research could explore
whether using more complex two- or three-dimensional architectural fagcade drawings or interac-
tive images would influence the findings. Second, since our study involved participants with Aus-
trian citizenship, and fagades inspired by local buildings, it would be beneficial for future studies
to examine the role of familiarity and cultural context on our results.

Despite those limitations, the present study has several strengths: Firstly, while perception
studies often rely solely on the subjective evaluations of participants, our study considered both
subjective and objective assessments. The integration of the eye-tracking device into the study
enabled the analysis of the participants’ unconscious brain activity as part of the perception stud-
ies. Although Gestalt is an important theory in architecture, the relationship between complexity
and Gestalt principles remains an underexplored area in the literature. The results of the present
study could prove valuable to researchers examining the relationship between evaluation and com-
plexity, as well as to professionals involved in the design and organization of architectural fagades.
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