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Abstract

There is extensive evidence today linking exposure to natural environments to favorable
changes in mental and even physical health. There is also a growing body of work indicating
that there are specific geometric properties of natural scenes that mediate these effects,
and that these properties can also be found in artificial structures like buildings, especially
those designed before the emergence of modernism. These geometries are also associated
with aesthetic preference—we seem to like what is good for us. Here, using a questionnaire-
based survey, we have tried to elucidate some of the parameters that play a role in formulat-
ing a preference for one form over the other. The images used were nature scenes from

the Alpine landscape with various manipulations to alter their complexity, or with additions of
computer graphics or various buildings. In all cases, the presence of a natural scaling hierar-
chy and of either fractal graphics or of ornate, non-local pre-modern buildings was always
preferable to the alternative. We discuss these findings under the light of recent evidence in
the field and conclude that they support the idea of the existence of a preference of our per-
ceptive system for certain types of visual organization.

Introduction

Starting from the classic work of Hubel and Wiesel [1, 2] the effect of visual input on the visual
system has been well documented, and the physiological influence of visual and other environ-
mental enrichment on the brain at the molecular, anatomical and functional level has been
studied extensively (for reviews, see [3-5]). In recent years, many researchers have turned
their attention to the potential physiological impact of the visual organization of our surround-
ings, either natural or artificial [6-9]. “Naturalness”, a term used to identify “structural” mor-
phological properties of our environment, has attracted particular attention; for review, see:
[10]. Natural surroundings have been shown to exert positive effects (sometimes by simple
viewing of images) in mood [11], reducing stress [12], improving concentration and working
memory [13-17], self-perceived health [18] and even, amazingly, self-esteem [11, 19]. Other
intriguing findings include the association of exposure to natural forms to a reduction of crim-
inal behavior [20, 21] and the, now famous, finding of improved recovery from surgery [22].
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These findings support the “Biophilia” hypothesis, which suggests that humans have an
innate affinity for other living organisms and the natural environment in general [23, 24], and
they indicate that exposure to such environment can affect mental and physical health. Conse-
quently, investigating the “structural” visual features that, presumably, mediate these effects, is
a task of both basic scientific and practical importance. These features are not only to be found
in nature, but also in artificial environments, either as a result of a conscious effort to incorpo-
rate them in a “biophilic” type of design or—perhaps more interestingly—in pre-modern archi-
tecture. In the latter, such characteristics are embedded as an integral part of the design or, in
the simplest of cases, they emerge from the materials and the construction methods used. It
has been proposed that exposure to this type of visual organization even in artificial environ-
ments may have the same positive effects [9, 25-27]. Closing the circle, the existence of this
structural order in traditional architecture may in fact be a reflection of structural and func-
tional patterns of our own nervous system [28]. Evolving exposed to (and as part of) the geom-
etry of nature, seems to have had a profound impact on the way that we connect to natural
forms. Pioneering work of Alexander [29] and Salingaros [30-33] has identified a number of
parameters that codify this “connectedness” between the viewer and the environment. One
important factor is the presence of fractal features. The term fractal, introduced by Mandelbrot
[34], denotes a structure that exhibits self-similarity on different levels, from the largest to the
smallest. Perfect fractals are purely mathematical constructs, but statistically self-similar frac-
tals, where the repetitions are not exact, are everywhere in nature, from coastlines to galaxies
and from tree branches to pulmonary airways and blood vessels [35-37]. It has been shown
that exposure to certain fractal visual patterns in nature, architecture or visual arts has signifi-
cant physiological effects [24, 27, 38, 39]. However, there is more to these qualities of the
natural or “biophilic” environment than their fractal properties. Our processing “. .. system
is acutely tuned to the visual complexity of the natural environment, specifically to respond
positively to the highest levels of organized complexity. Fractals are an important component
of this effect, but by no means represent the full gamut of connective qualities” [40]. This
“organized complexity” is also defined by a hierarchy of scales, the presence of local contrasts,
as well as overall coherence etc.

Studies in recent years have contributed to our understanding of our interaction with spe-
cific visual features of the environment by documenting reactions to images, analyzing those
images for a number of features, and analyzing the two sets of data to establish consistent cor-
relations [41, 42]. Here, we have attempted to follow the opposite course, i.e. to create images
that contain certain features, and then record the reactions to those features using a question-
naire-based ratings assay.

Materials and methods
Conceptual basis

The main goal was to tease out the different parameters of complexity and test for them sepa-
rately. To this end, we used i) insertion of simple, computer-generated structures, either non-
fractal or fractal of different fractal dimensions, ii) changes in scaling hierarchy in natural
elements in processed images, iii) addition of forms, either natural or built, simple or highly
complex and at the same time not familiar for the particular environment-thus also teasing
out aesthetical preference from familiarity [43, 44].

The Alpine landscape was used as a common visual substrate for all these forms and manip-
ulations. This allowed us to study the effects of changing only specific parameters of the image
each time, as opposed to comparing between different natural or urban scenes. Our working
hypothesis was that a difference in the perception of beauty would be the main outcome of
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these manipulations. To more accurately circumscribe the reception of these manipulations by
the participants in the survey, we also examined changes in whether an image was deemed as
interesting, “making sense” or familiar. We expected image versions that were deemed more
beautiful to be also seen as more interesting, because of the increased amount of information
they presented for the viewer to explore [43]. The question about whether an image is “making
sense” was used as a way to assess what has been described as coherence in environmental psy-
chology [44-46]. An orderly setting that is organized into a "few distinct regions or areas" that
have "some repeating themes and unifying textures . . . and a limited number of contrasting
textures” defines coherence [46]; coherence allows a scene to "hang together" [45]. Familiarity
was assessed to exclude the possibility that a scene was preferred not because of its properties,
but because it was reminiscent of other, familiar, scenes.

Image manipulations

A number of images were used, all from the region of Tyrol in Austria and Italy, to collect peo-
ple’s preferences using an image-based questionnaire (Figs 1-7). The images were subjected to
various manipulations, using Adobe Photoshop image processing software. The manipulations
were related to:

1. Fractal and non-fractal geometric forms: adding computer graphics of different geometries,

2. Scaling order: manipulation of scaling order of the scene by manipulation and insertion of
natural objects and

3. Building style and complexity: insertion of buildings of different styles and manipulation of
their complexity (Table 1).

More specifically (see also Table 1):

In Fig 1, the image of the valley between the mountains has been altered in both cases
through the insertion of patterns that have been fitted to the image perspective, to seem like
they are actually in the valley. Inserts have been color-matched. In 1a, there is a fractal pat-
tern, whereas in 1b the pattern is rectilinear.

o In Fig 2, artificial, color-matched, image elements were added to the image of a Tyrolean vil-
lage. In 2a, it was part of a Sierpinski carpet, (a perfect fractal [47]), in 2b a simple rectilinear
pattern. In the next two images, we added a more advanced (2¢) and a less advanced (2d)
fractal iteration of the letter “E" at a 90 degree angle. The inserted items are artificial-looking,
so that they are not expected to be perceived as real objects.

o For Fig 3, we used the same image as Fig 2, but all the buildings of the village were replaced
by artificial patterns, either half a Sierpinski carpet (3a) or a box of the same size in which
all elements of the Sierpinski carpet had been removed, except the central box (3b). A roof-
like triangular shape was added to all the boxes; in the first group, it was a Sierpinski triangle
(also a perfect fractal, [48]), in the second, it was a flat-colored triangle.

o Fig 4 depicts a stream and its surroundings, presented either unaltered (4a) or modified (4b).
The modification consisted in replacing most of the rocks, which had various sizes, with
multiple copies of a few rocks, and also reducing the variety in the vegetation next to the
stream.

o The image used in Fig 4 was heavily modified for Fig 5. In all three versions, the tree was
removed, and the stream was replaced by an artificial stream with identical rocks on its
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0% 20% 40% 60% 80% 100%
W Image a Image b

Fig 1. Linear and fractal additions to a valley. Percentages represent the preferences and the asterisk indicates a statistically significant difference in
overall preference (image adapted from Schirpke et al, 2013, https://www.mdpi.com/2071-1050/5/3/1080/htm, CC BY 3.0 license).

https://doi.org/10.1371/journal.pone.0235257.g001

2a 40.3% 2b 16.7%  Most interesting
Most beautiful

Makes more sense

Feels more familiar

0% 20% 40% 60% 80% 100%
HImagea Imageb mMImagec MImaged

Fig 2. Computer graphics added to a village view. Percentages represent the preferences and the asterisk indicates a statistically significant difference
in overall preference from all other images (image adapted from Schirpke et al, 2013, https://www.mdpi.com/2071-1050/5/3/1080/htm, CC BY 3.0
license; graphs in 2c, 2d reprinted from http://barlior.com/fractals/fractals.htm under a CC BY license, with permission from Lior P Bar, original
copyright 2003).

https://doi.org/10.1371/journal.pone.0235257.9002

3a 73.6%* 3b 26.4%  Most interesting
Most beautiful

Makes more sense

Feels more familiar

0% 20% 40% 60% 80% 100%
W Image a Image b

Fig 3. Computer graphics added to a village view. Percentages represent the preferences and the asterisk indicates a statistically significant difference
in overall preference (image adapted from Schirpke et al, 2013, https://www.mdpi.com/2071-1050/5/3/1080/htm, CC BY 3.0 license).

https://doi.org/10.1371/journal.pone.0235257.9003
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Fig 4. Changes in complexity and scaling hierarchy of real objects. Percentages represent the preferences and the asterisk indicates a statistically
significant difference in overall preference (image by AA Lavdas).

https://doi.org/10.1371/journal.pone.0235257.9004
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Fig 5. Changes in complexity and scaling hierarchy of real objects. Percentages represent the preferences (image by AA Lavdas).
https://doi.org/10.1371/journal.pone.0235257.9005
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Fig 6. Addition of modern and non-local traditional buildings to the Alpine landscape. Percentages represent the preferences and the asterisk
indicates a statistically significant difference in overall preference from all other images (images by AA Lavdas; building image in 6c reprinted from
https://il.wp.com/www10.aeccafe.com/blogs/arch-showcase/files/2018/06/9800Wilshire_Photo-%C2%BCBruceDamonte_05.jpg?ssl=1 under a CC BY
license, with permission from Bruce Damonte, original copyright 2014).

https://doi.org/10.1371/journal.pone.0235257.9g006
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Fig 7. Addition of modern and non-local traditional buildings to the Alpine landscape, in their original and processed form. Percentages
represent the preferences and the asterisk indicates a statistically significant difference in overall preference from all other images (images by AA

Lavdas).

https://doi.org/10.1371/journal.pone.0235257.9007

sides. In 5c¢, a set of rocks of various sizes was added, and in 5b, in addition, there is a set of
plants that were not native to the environment.

« In Fig 6, four versions of one image were created by the addition of a building. In 6a and 6b,
the buildings were part of the Palace complex of Golestan in Tehran, Iran. In 6¢c and 6d, the
buildings were contemporary office buildings.

« In Fig 7, four versions of the image were created by the addition of a building. In 7a and 7c,
the building was the mansion in Eram Gardens in Shiraz, Iran. In 7c, the building was sim-
plified by replacing frescoes with flat color, erasing carving, replacing elaborate railings with
flat surfaces etc. The building in 7b and 7d was the Bauhaus building in Dessau, Germany.
Transparent windows were replaced with flat dark gray/black areas in 7b.

The graphics used in Figs 1-3 were subjected to fractal analysis for determining their fractal
dimension D, a mathematical measure of the fractals’ internal scaling (Mandelbrot, 1977) rang-
ing from 1 to 2. To this end, we used Image J software (https://imagej.nih.gov/ij/index.html), a

Table 1. Outline of image manipulations.
Figure | Manipulation | Manipulation
group
1 A Insertion of computer-generated graphics of different complexity embedded in the
scene
2 A Insertion of computer-generated graphics of different complexity standing out as
artificial
3 A Insertion of computer-generated graphics of different complexity standing out as
artificial
B Manipulation of scaling order of the scene by manipulation of natural objects
5 B Manipulation of scaling order of the scene by manipulation and insertion of natural
objects
C Insertion of buildings of different styles with different levels of complexity
C Insertion of buildings of different styles with different levels of complexity and
manipulation of their complexity

https://doi.org/10.1371/journal.pone.0235257.t001
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public domain Java-based image-processing and analysis program developed at the National
Institutes of Health and the Laboratory for Optical and Computational Instrumentation. The
box-counting method, a widely used method for fractal analysis, was employed. The purpose of
this analysis here was to know exactly what was added in the figures, after taking into account
resolution limits, potential artifacts etc. The analysis was then performed on cropped portions
of the actual images used in the survey at the resolution used. This analysis was carried out only
for Figs 1-3, where fractals of various complexity as well as non-fractal graphics were added, to
establish their fractal dimension in the final figures (S1 Fig). For the other images, the parame-
ters involved are more diverse and calculation of fractal values is more challenging. Also, given
the limitations of the box-counting method [49], these numbers should be seen as a means of
comparison between the different elements, rather than as absolute values.

Online survey and analysis

The seven image sets were arranged in an online questionnaire. After a short introduction,
each picture set was shown on an individual page, asking the participants to indicate which
image they preferred. Additionally, we asked what made them choose this image by offering
the following four options: “Most beautiful”, “Most interesting”, “Makes more sense” and
“Feels more familiar”. Respondents could indicate more than one option. These questions
were chosen to tease out aesthetic preference from familiarity, and to further differentiate
between aesthetic and intellectual appeal, if such a distinction could be made. Finally, we asked
the participants to provide socio-demographic information (gender, age, and place of living).
The questionnaire was made available between February and June 2019 in three languages
(English, German and Italian). The links to the questionnaires were distributed via social
media channels and by sending invitations via email.

All answers were registered in a database. We analyzed all valid answers separately for each
image set by calculating preference scores and by counting how often participants rated one
of the four options for each image. To identify significant differences among the image prefer-
ences and the four options, we carried out paired t-tests using SPSS software package (version
25, IBM).

Ethics statement

The topic is not ethically sensitive and was carried out in accordance with national and institu-
tional legal and ethical requirements. Data were collected completely anonymously (i.e. no
possibility to reidentify whatsoever) and therefore this work falls outside the scope of GDPR
2016.

The project follows institutional guidelines and was discussed with the internal ethics refer-
ence person who indicated that there was no need for ethical approval when surveys are not
directly health related. In Italy, there is no legal requirement for ethical approval of such a sur-
vey where no sensitive issues are explored and no privacy is involved, and there are no IRB
mechanisms in place for this type of work. Sensitive data or research involving human subject
undergo ethical approval through ethical research committees based in hospitals that do not
assess this type of projects.

Also, ethical concerns were assessed internally: participation was on a voluntary basis and
all participants were informed that the survey was anonymous, that all data would be only
used for research and evaluated anonymously. To secure privacy, all data was collected via a
web survey with no collection of identifiers/codes and analyzed therefore anonymously. In
particular, aggregation was already built into the questionnaire (age groups, world regions,
etc.) and no IP addresses were collected.
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Results

From the online survey, we received 144 valid responses. Female respondents prevailed over
male respondents (for details, see S1 Table in S1 File). Most respondents were middle-aged
and lived in large cities, but participants of all age groups and different living places were
present. A proportion of 81.9% of the participants stated that they lived in Europe, 11.8% in
other parts of the world and 6.3% gave no response. The obtained preference scores from the
responses showed in most cases a clear preference for one image (see also Figs 1-7). Statisti-
cally significant preferences were obtained for images 1a, 3a, 4a, 6a and 7a. For Fig 2, image 2a
was selected most often, followed by 2¢, both differing significantly from images 2b and 2d. In
Fig 5, the more natural looking images 5b and 5¢ had equal preferences, differing significantly
from 5a. A detailed list of the responses can be found in Table 2, and the results of the paired
t-test in S2-S4 Tables, in S1 File.

Among the four options what made them choose the image, respondents indicated most
often “most beautiful” (37.3%), followed by “Feels more familiar” (24.0%) and “Makes more
sense” (23.5%), whereas “Most interesting” was selected least often (15.2%); for details, see
Table 2. “Most beautiful” was also significantly higher in Figs 4, 6 and 7, while “Most interest-
ing” differed significantly from the other options for Figs 3, 4 and 5 (S3 Table in S1 File). For
Figs 1 and 2, no significant differences among all four options were found.

Although not always statistically significant, some major differences can be found for the
individual figures.

A) Different fractal and non-fractal geometric forms
In Figs 1-3, the independent variable was the fractal dimension of the inserted forms.

Table 2. Image preferences indicated by the respondents (n = 144). Reason for selecting this image expressed through four options (“Most beautiful”, “Most interest-

» «

ing”, “Makes more sense”, “Feels more familiar”), multiple selections were allowed. All values represent number of mentions.

Figure Image

1 la
1b
2 2a
2b
2c
2d
3 3a
3b
4 4a
4b
5 5a
5b
5c
6 6a
6b
6¢
6d
7 7a
7b
7¢
7d

https://doi.org/10.1371/journal.pone.0235257.t1002

Preference

90
54
58
24
53
9
106
38
115
29
18
63
63
92
22
16
14
80
22
16
26

Option

Feels more familiar Makes more sense Most beautiful Most interesting
23 19 28 26
24 27 4 2
22 17 19 8
9 10 4 2
11 10 26 13
3 1 1 4
30 32 40 22
24 17 4 0
30 30 55 16
7 9 14 2
3 4 12 1
14 10 34 14
24 32 14 3
19 11 66 15
2 6 14 2
1 3 6 8
8 3 1 2
9 11 62 12
2 2 10 9
0 6 6 6
12 6 10 2
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Image 1a was voted more beautiful and more interesting, whereas 1b it was only marginally
deemed as more familiar (S4 Table in S1 File). For the second image set, the overall prefer-
ence was divided between 2a and 2c, with no statistical difference between them. They were
both significantly preferable than the other two, with 2a deemed as somewhat more “famil-
iar” and 2c somewhat more “beautiful”. Fig 3 were considered as “more interesting” and
“more beautiful”, but only marginally as “making more sense”, or being “more familiar”.

B) Modified scaling order of the scene
In Figs 4 and 5, the independent variable was scaling (4 and 5) and complexity, increased
by the presence of unfamiliar vegetation (5). In Fig 4, all parameters, including familiarity,
were favored in the unretouched image 4a over image 4b. In Fig 5, image 5¢ “makes more
sense” and “feels more familiar”, but 5b was both “more beautiful” and “more interesting”
by a large margin.

C) Different building styles and complexity
In Figs 6 and 7, all the variables that define “organized complexity” differed between the
different versions, by insertion of different building types, either in their original form or
after processing. In Fig 6, image 6a was deemed significantly as “more beautiful”, while 6d
was seen as less “interesting” but “more familiar” of all, and 6c¢ as less “familiar”. Similarly,
image 7a was rated as “most beautiful” as well as higher in the options “most interesting”
and “makes more sense”, whereas 7d was the most familiar image of all.

Discussion

Numerous studies in the past several years have focused on morphological properties of our
natural and artificial environment, by documenting reactions to images and pursuing to iden-
tify the features responsible for those reactions [9, 10, 41, 42]. In this study, we created sets

of images that differed in certain, pre-decided morphological features, and then recorded the
reception of those images using a questionnaire. The goal of this complementary approach
was to allow us to address the effect of these specific features in a controlled manner.

There is one constant pattern in the answers to all questions: both the overall preference
and the rating for beauty always favor the version of the photograph with the highest degree
of organized complexity. This is not necessarily accompanied by an increase in the familiarity
ranking. Qualitatively, the distribution between images of the score for interest resembles that
of the score for beauty, while the score for familiarity resembles that for “making more sense”.
In the following, we discuss our results in relation to fractals, scaling order and complexity.

A) Fractal and non-fractal geometric forms
In Figs 1-3, there was always a strong preference for the fractal pattern. In Fig 1, if familiar-
ity were the decisive factor, one might expect that 1b would be preferable, as long lines, con-
verging because of perspective, are reminiscent of familiar views of airport runways and
highways. However, 1a was voted as both more beautiful and more interesting.
In Fig 2, the modified Sierpinski carpet pattern could be seen as somewhat reminiscent of a
house with windows (but with no door visible-perhaps like a rear view of a house) and this
may explain part of its popularity among the respondents. However, looking at the results
for all forms, they suggest that this parameter is not the only one-perhaps not even the
strongest one-to influence choices: 2c does not resemble any familiar pattern found in
buildings, and yet has a similar score. In fact, it was considered the most beautiful and
interesting of all versions. It was even considered more familiar than 2b, although 2b does
look like a modern building with a curtain-wall exterior. Interestingly, 2d, which is a low-
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iteration version of the same fractal used in 2c, was the least favorite across the board. This
finding directly links the degree of organized complexity with the perceived degree of aes-
thetic and intellectual attractiveness of a form. In this simplest of cases, in fact, it links it

to the fractal dimension of the shape, with higher values being more attractive (see S1 Fig).
In Fig 3, the overall shape, including the central box, could be seen as reminiscent of a
house in both versions, but the internal structure differed. 3a was considered both “more
interesting” and “more beautiful”, although only marginally “making more sense”, or being
“more familiar”. One might argue that the lack of smaller squares—which could be perceived
as windows-is the main source of 3b’s unpopularity. However, the high scores of the more
building-like image 2b argue against this and in favor of a choice based on the degree of
organized complexity—and, more specifically in these examples, fractal geometry. In the
first three images, there was a consistent preference for elements with a higher fractal
dimension (D), between 1.64-1.85 (S1 Fig). As already discussed, these values are not to be
taken as absolute. However, we can still remark that their high range is in keeping with the
findings of Forsythe and colleague [50] for preferences in art, with several examples of very
popular great paintings listed as ranging between 1.71 and 1.89. These are much higher
than the “optimal” value of around 1.4, discussed by Taylor [27] and Salingaros [25] as
stress-reducing. The explanation for this apparent discrepancy lies in more than one
reasons, and examining them is beyond the scope of this discussion. It is important,
however, to remember that the images we tested did not entirely consist of such patterns;
these elements were inserted in the images, and their presence modified the images’ appeal.
The fractal dimension of the image as a whole was only slightly modulated (not shown).
Immersing participants in virtual reality setups [51, 52], where all parameters of the visual
environment can be controlled and their contribution to it can be altered in a defined man-
ner, would be a useful way forward with this type of experiments.

B) Scaling order

In Figs 4 and 5, where the differences consisted of manipulations of real objects, the images
fared worse when scaling had been artificially altered to result in narrower ranges of shapes
and sizes (4b, 5a). The comparison between 5b and 5c is especially interesting: they both
have rocks of various sizes added, so as to simulate a more natural rock size distribution,
but 5b also has some tropical vegetation added, which is clearly out of place in the Alpine
surroundings. Accordingly, 5¢ “made more sense” and “felt more familiar”, but 5b was
both “more beautiful” and “more interesting”. This, like in previous cases, illustrates the
dichotomy between what is intellectually and aesthetically stimulating and what is expected
or familiar.

The aesthetical preference for scenes that display a certain type of complexity in our results,
is in keeping with previous work both related to the built environment (see above) and also
to the natural environment [53]. For example, naturalness positively influences people’s
perceptions of landscape beauty [45, 54], while loss of scenic beauty comes as a result of
urban sprawl [55] and an increase in monotone landscapes, such as in agricultural mono-
cultures or reforestation of abandoned mountain grassland [56]. Accordingly, several stud-
ies have found that increased perceived scenic beauty values are positively correlated with
landscape diversity [57-59]. There are also nonlinear relationships between shape complex-
ity and preferences, i.e. medium levels of shape complexity is preferred over low and high
shape complexity [60].

On the other, most reductionist, end of the spectrum, a questionnaire-based study has

also reported findings compatible with our own. When presented with series of various-
sized modelling plaster chunks against a dark background, the degree of conformity to
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Salingaros’ scaling hierarchy law [30] was always proportional to the preference rating: big
“scale jumps” were consistently judged as resulting in “uglier” images, while arrangements
conforming to a scaling hierarchy were consistently found to be “prettier” [61].

C) Building style and complexity
In Figs 6 and 7, the manipulations, once again, involved real objects, but this time it was
buildings, either in their original state or after manipulations, that decreased their complex-
ity. Persian traditional buildings were voted as overall preferable and more beautiful than
modern ones, when transplanted in the Tyrolean environment. Traditional Tyrolean
buildings were purposely avoided, to preclude familiarity. Traditional Persian buildings
are highly ornate and, at the same time, not associated with the Alpine region. Of particular
interest is the voting for the two “simplified” versions, 7b and 7d. The original Bauhaus
building almost always fares worse than the “simplified” version. This does not contradict
our working hypothesis—in fact, it strengthens it: the visual information provided through
the glass windows is random, and is perceived as “noise” rather than as conveying a mean-
ingful structure. The simplified version has, at least, an order, albeit a rudimentary one.
It may be that the contrast of this order with the lush surroundings (including a palm tree
transplanted here from Eram Gardens) makes for an interesting sight-competing with 7a
in this respect. The “familiarity” of 7d may be related to the fact that traditional buildings
local to the environment are less ornate than their Iranian counterparts, and hence this
simplified version seems more familiar. Recent eye-tracking work [62-64] investigated the
exploratory movements of volunteers’ gaze when first confronted with different types of
images, with some very interesting results, relevant to our findings. It was shown that peo-
ple look for details, contrasts and, most importantly, structures that can be readily identified
and understood. Pre-modern structures with more complexity in the form of decoration
etc., are explored in their details, and important features like the entrance are immediately
identified. Contemporary buildings are explored in passing, with no clear fixation points-
often, incidental features of other structures in the scene attract more attention than the
building itself.
There is an interesting point to be made here: the brain interprets visual information
through analyzing statistical patterns of spatial frequencies present in the scene (for review,
see [65]), and, intriguingly, the processing of recursive (fractal) forms seems to recruit dif-
ferent resources from the processing of non-fractal stimuli [66]. Whether this applies only
to mathematical fractals, as those used by Martins and colleagues [66], and also by us in the
first 3 figures, or also to statistical fractals, as those found everywhere in nature [35-37] and
also in pre-modern architecture [39], remains to be assessed.

Limitations

In this type of studies, the choice of images represents an inherent limitation and a potential
source of bias, as they are chosen with a certain classification in mind. While this is always a
legitimate concern to some degree, we believe that the way this study was structured minimizes
its relevance. In contrast to studies concerned with the “natural” or “biophilic” features of the
used images, where a choice bias is considered inevitable [41], in our case, the choice was not
based on assumptions about the nature of the used images, but on objectively verifiable fea-
tures manipulated by us. These are the fractal nature (and dimension) of added graphics, the
scale hierarchy of natural items and the modern or pre-modern style of the building. This is
certainly not discussed here as a criticism for those studies, which have a different objective
and thus follow a different experimental outline, but as further clarification for what we have
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pursued to do. Finally, as 81.9% of the participants stated that they lived in Europe, we cannot
claim that the sample is representative on a global level.

Conclusions and future perspectives

The conclusions of this study, coming from the answers to all questions, can be summarized as
follows:

o When artificial forms are inserted in a natural scene, the degree of overall and aesthetical
preference correlates with the fractal dimension of the form: forms that are more complex
are perceived not only as more beautiful, but also as more interesting.

« Disruption of natural scaling in nature scenes results in scenes that are rated worse.

o Enhancement of natural-scaled complexity through the addition of natural elements
enhances the perceived beauty of the scene. This is true even if these elements are foreign to
the particular landscape, and are recognized as such (the scene deemed as less familiar and
as “making less sense”).

Addition of buildings with a high degree of organized complexity results in images that are
always preferable and deemed as more beautiful than images where the added buildings do
not display this feature. This is independent of the familiarity of the particular building style.

These findings support the idea of the existence of a preference (or “tuning”) of our percep-
tive system to certain types of visual organization. At the same time, in conjunction with previ-
ous findings, they underline the urgency for a new approach to the management of our natural
and built environment. This is, in essence, a study in empirical aesthetics. However, the approach
of isolating individual parameters of complexity and examining their effect on the viewer is used
as a first step, with the idea that it should be expanded with studies focusing on physiological
readouts, and it is our intention to pursue this investigation in this direction.
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