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Summary

With more than 500.000 people following the Tumblr-blog of Things Organized Neatly®
(http://thingsorganizedneatly.tumblr.com/), images of neatly organized compositions seem to be quite
popular online. This raises the question why this type of images is so popular and attracts so many

people.

To address this issue, we investigated which aspects of the images and their observers influenced
aesthetic preferences for images of neatly organized compositions. We hypothesized the theoretical
principle of balancing order and complexity to play an important role in determining aesthetic
preferences, especially for this type of stimuli. Therefore, the selection of specific stimulus and person
properties to study focused on factors relating to (the balance between) order and complexity. In a large-
scale online study, 415 participants chose for each of 100 image pairs which one of two simultaneously
presented images they preferred and completed some personality questionnaires (e.g., Personal Need for
Structure). In a second (optional) part of the study, 84 participants also rated how ordered, complex,
soothing, and fascinating they perceived each of 184 individual images to be. Additionally, some
objective statistical measures were calculated on the images (i.e., PHOG-derived measures of self-
similarity, complexity, and anisotropy, Fourier slope, and fractal dimension). Subsequently, we
conducted correlation and regression analyses to investigate how and which stimulus and person
properties related to (a) aesthetic preferences for neatly organized compositions; (b) judgments of order

and complexity; and (c) judgments of soothingness and fascination.

Aesthetic preferences for images of neatly organized compositions relate positively with both the
perceived soothingness and perceived fascination of the images. Images high in order and high in
complexity were perceived as more fascinating. Images high in order and low in complexity were
perceived as more soothing. As subjective order and complexity seem to have rather independent effects
on positive aesthetic appreciation, the balance between order and complexity seems to be a combination
of the independent effects of order and complexity rather than an interaction. Some objective indicators
of complexity (i.e., HOG-based complexity, fractal dimension, and to a certain extent Fourier slope)
related strongly positively with subjective complexity. Individuals differ in their preferences for more
ordered, complex, soothing, and fascinating images, and these differences can partly be explained by
differences in personality (i.e., symmetry, ordering, and arranging tendencies, personal need for
structure, openness to experience) and age. In general, stimulus and person interact in determining
aesthetic appreciation, and further studies should focus on empirically investigating and theoretically

explaining these interactions.






Acknowledgements

In the first place, 1 want to thank my supervisor, Prof. Dr. Johan Wagemans, who assisted me wisely in
designing the study and improving this manuscript. | want to thank Mr. Rudy Dekeerschieter for
implementing my study online, Prof. Dr. Christoph Redies for calculating the statistical image properties
for the images used in my study, and Prof. Dr. Eva Ceulemans and Dr. Pieter Moors for their statistical
advice. For data collection and for personal and emotional support, | am happy that | could count on my
family and friends, for whom it might not always have been easy to deal with me during times of high

stress.






Contribution and approach

For my master’s thesis | independently reviewed and synthesized the literature on aesthetic appreciation
and the balance between order and complexity. Although | got a paper to start from, | collected most
papers for the literature review myself. Additionally, my supervisor provided me with many interesting
literature tips during the two years | was working on my thesis, which I tried to integrate in my review.
With the help and advice of my supervisor, | created my own study design, hypotheses, and analysis
plan, collected and selected the necessary materials (i.e., images, questionnaires, etc.), and applied for
ethical application of the study. For the online implementation of my study, | am happy that | could
count on Mr. Rudy Dekeerschieter, who magically turned my study implementation plan into reality.
Besides creating an advertisement for my study, spreading it around Flanders and abroad, and asking
everyone | could think of to participate, the online data collection was heavily supported by my family
and friends, who | am very grateful. Without them, it would not have been possible to collect such a
large and diverse sample of participants. | independently processed all the gathered data and analyzed
them using R. | want to thank my supervisor for re-, re- and reviewing this manuscript, reading the
plenty of questions and comments | left in the margin, and giving me the necessary confidence to
develop myself as an independent researcher.

Besides this manuscript, | also disseminated my project in other ways. By the time of my thesis
defense, I will have presented my work twice on the annual meeting of the Belgian Association for
Psychological Science. The first year | presented a poster on my theoretical work and study design, in
this second year | will give an oral presentation about my study results. Additionally, | participated in
the Open Science Day (“Dag van de Wetenschap”) to present my project to a wider public (and also to
gather some more participants), and presented my project twice in the lab meetings of the Laboratory
for Experimental Psychology at KU Leuven.

Although my manuscript is quite long, | think the length is justified by the “complexity” (to stay
in the topic!) of the research problems | am working on and of the conducted study (i.e., various
dependent and independent variables to investigate, several possible units of analysis). | hope | could
also provide you with the necessary “order” to compensate the complexity of the discussed material.
But as the lead singer of OK Go, Damien Kulash, stated it so nicely in an interview with The Washington

Post’: “[...] | would say that in general simplicity is really complicated”.

1 Ohlheiser, A. (2016, December 13). After 10 years of viral videos, what OK Go has learned about the Internet.

The Washington Post. Retrieved from https://www.washingtonpost.com/






Table of Contents

Order, Complexity, and Aesthetic Preferences for Neatly Organized Compositions .............ccoceeervennen. 1
Neatly Organized COMPOSITIONS .........oiuiriiiiieiiiisiesie et 1
Understanding Aesthetic APPreCiation ..........cccveveiiiiiiecii e 1

Aesthetics iS N0t CONFINE 10 ArT........cviiiiiiiee e 2
Aesthetics involves both stimulus and PersoN. .........ccccevevevieieeie e 3
Balancing ecological validity and experimental control.............ccccocovviiiieicivceiece 3
Behavioral measures of aesthetic appreciation. ... 3
Complexity and AesSthetic APPreCIALION .......ccvvivvviiiie e nns 4
Differential relationships between complexity and aesthetic appreciation..................... 4
Objective and subjective COMPIEXILY. ......cccveieeieeiecrec e 5
Statistical image properties as objective measures of complexity..........cccoceveveieiinirnen. 5
Aspects of objective complexity determining subjective complexity. ...........cccoovvvnnne. 6
Complexity as a multidimensional CONCEPL. .........ccovvererieiiiiire e 8
Subjective complexity resulting from objective complexity and order. ............cccocne.... 8
Order and AesthetiC APPIeCIATION.........ccviiiiiiiiie et 8
SIMPLICITY VEISUS OFUET. ...ttt 8
Order as a multidimensional CONCEPL..........coviiiiiiieieee e 9
Conceptual Dimensions of Order and COMPIEXILY .......coocviiiiriiiiiir s 10
Aesthetic Appreciation and the Balance Between Order and Complexity ........c.ccocvevvvrirenen. 11
History of the balance between order and compleXity..........cccocevvveviiiiiecieie e 11
Clarifying the relation between order and complexity. .........cccoovevevieiecienie s, 12
Various relationships between order and complexity........cccocovvvveiciiiicvccieceece e 13
Alternative Accounts of Aesthetic APPreciation ..........ccccevviviie i 15
Processing fluency and aesthetic appreciation............cccevveeie i 15
Pleasure-Interest Model of Aesthetic LiKiNg. ......ccocoovviviiiiiiiii e 16
More comprehensive theories on aesthetic appreciation. ..........cccoecvvviivivevincniecnecnnnn, 16
Individual Differences in Aesthetic Appreciation, Order, and Complexity..........cccccceevvvernrnen. 17
Individual differences in aesthetic appreciation. .........c.ccccvevvvieevienie s, 17
Individual differences in the perception of order and complexity. .......cccccoovrceiirrnnens 21

Investigating the Balance Between Order and Complexity in the Aesthetic Preference for Neatly

Organized COMPOSITIONS........ciiiririiei et sn e n e ens 21
Exploring differences between Stimuli. .........ccccoviiiiiiiiiiie e 23

Exploring differences between individuals.............ccocooeieiiiniiincicceee 24

Research questions and NYPOTNESES. ..........ccueiiiiiiiiee s 25

a0 PSR 27
PAITICTPANTS ...ttt bbbt b bbbttt b e n e 27



1YL= F= Y TR 28

IMAJE UALA. .....veeeeecie ettt et e e st e s e e s e e e naesnbe e teenpeenreenreeas 28

Lo I A eI 1LY /=T 01 (o] Y2 29
Personal Need for STrUCLUrE SCAIE. ........cccveviii et 29
Symmetry, Ordering, and Arranging QUEStIONNAITE. ..........cocvririrrereieiee e 30

IMAQE QUESTIONNAITE. ...ttt 30

o (0To=T 1] = SR 31
IMAQE CAICUIATIONS. ......cviiiiicie et 32
PHOG SEIT-SIMIAIITY. ...c.veveieieiicieeeee s 33

HOG COMPIEXITY ...t 33

HOG @NISOIIOPY ...ttt b 33
FOUIIEE SIOPE. ... et 33

Fractal dimeNSION. .........oiiiiieieee bbb 34

D 1 AN T 1T USROS 34
RESUIES ... bbb bR b e Rt R bbb et b et e 35
Overall Pleasantness of and Experience with Neatly Organized Compositions....................... 36
Aesthetic Preferences for Neatly Organized Compositions........c.cccveveveieiieve e 37
Amount of variability between image Pairs.........cccoccviviiieiiiieie e 37
Amount of variability between individuals. ............cccoooviiiiiiiniiii e, 37

Effect of iMage POSITION..........ccviieecc e e e 37
Clustering of participants and image pairs based on aesthetic preferences. ................. 37

Relations between preferences for order and complexity per individual and person
PIOPEITIES. vttt bbbt b ettt b 40
Predicting individual preferences for order and complexity based on person properties:
PErSONAIITY @NT BGE. .. .cuviiiiiiiteiieieeee s 41
Relations between preferences for soothingness and fascination per individual and
PEISON PrOPEITIES. ....viveiievieretiiete st ete ettt ettt et e ettt e e et e s b et et e b e b e s ebe s ebe s ere s ebe s erens 42

Predicting individual preferences for soothingness and fascination based on person

properties: Personality and 8g€. ........ccovviiirirerieiee s 42
Order and Complexity Ratings for Neatly Organized COmpoSitions ............cccoovvvnereneriennenn 43
Amount of variability DetWeen IMagES. .......ccveveviveieiise e 43
Amount of variability between individuals. ...........cccccovveviiiiiei e, 44
Order and complexity on different perceptual stimulus dimensions. ............c.ccccveue... 44
Relations between order and complexity ratings and other image measures. .............. 44

Relations between order and complexity ratings per individual and person properties.

Soothingness and Fascination Ratings for Neatly Organized Compositions. ..........ccccceveveeunen, 45



Amount of variability Detween images. .......ccccove v 45
Amount of variability between individuals. ............cccooiiiiiiiii i, 46
Relations between soothingness and fascination ratings and other image measures.... 46

Predicting average soothingness and fascination ratings based on measures of order and

COMPIEXITY. 1.ttt 47

Predicting soothingness and fascination ratings based on the balance between order and

COMPIEXITY. ottt 49

Relations between soothingness and fascination ratings per individual and person

PIOPEITIES. .ttt sttt b bbb bbbt b b b 50

(DT WSty o] g = T @ o o [1 ] o] o PSSR 51
Summary of the Main FINAINGS .....ooviiiiiie e 51

Neatly organized images are aesthetically pleasant............ccccoovvivvieiiiiniicne e 51

Both stimulus and person contribute to variability in aesthetic preferences................. 51

Aesthetic preferences relate to soothingness and fascination. ............ccoeevvveviveieninnne. 51

High symmetry, ordering, and arranging tendencies, high personal need for structure,
and low openness relate to a preference for ordered iMages. ........cccocvvvvveveceeieiennns 52
Low symmetry, ordering, and arranging tendencies, low personal need for structure,
young age, and high openness relate to a preference for complex images. .................. 52
High symmetry, ordering, and arranging tendencies, high personal need for structure,
and low openness relate to a preference for soothing iIMages. ........cccccovvvievieeveeveeene. 52
Low symmetry, ordering, and arranging tendencies and young age relate to a preference
TOr TASCINALING IMAGES. ...evevetetee ettt 52
Both stimulus and person contribute to variability in order and complexity ratings.... 53
Objective measures of complexity relate to subjective complexity..........cccccoovrvrenen. 53
Unclear which person properties relate to overall perceptions of order and complexity.

Both stimulus and person contribute to variability in soothingness and fascination

FALINDS. vttt ettt bbbt b bbb s 53
Soothingness relates positively to subjective order and negatively to subjective
COMPIEXITY. ottt bbbttt b e enes 53
Fascination relates positively to both subjective order and subjective complexity. ..... 53

Unclear which person properties relate to overall perceptions of soothingness and

FASCINALION. ...ttt ettt ettt e 53
Theoretical REFIECTIONS ........cvoiiiiice s 54
Different routes to aesthetic appPreCiation. ...........ccccveviieeieie s 55
Combination of rather than balance between order and complexity. ..........cccoevvvvinnene 55
LIMIEAEIONS ...ttt ettt ettt bt e n et nre et nre e e 56



SPeCIfic type Of SHMUILL ......ccieiece e 56

Low experimental CONTIOL..........cccooiiiiir i 56
Exploratory nature of the ProjJeCt. .......ccv e 56
Many analysisS OPLIONS. .........oiiiiiiiiiie e 56
Other factors predicting aesthetic apPreciation............ccceovvrirerenereiseeee e 57
RETEIENCES ...t bbb bbbt h et b bt b r et r e 58
AAPPENTIX A\ et E R R R R R h R e et r e n e n e ne I
APPENTIX B ..ottt \%
AAPPENTIX € oot b e E R bR R bt bttt XV
APPENTIX D .o b ettt e n e XIX

vii



List of Figures

Figure 1. Examples of neatly organized COMPOSITIONS...........cieiiiiiiiiriieiieeee st 2
Figure 2. Illustration of order and complexity as partial complements...........c.cocveriieiiiiiiiicnee, 14
Figure 3. Distribution of the overall pleasantness score participants gave to the images ..................... 36
Figure 4. Distribution of how often participants saw and searched for similar images before ............. 36
Figure 5. Correlations between the different participant Measures ...........ccocvevveveiieresesieeseseseeie e 41

Figure 6. The 25% least complex and the 25% most complex images that are also in the 25% least
ordered versus the 25% most ordered images Of the dataset...........ccccvvvvieiiiiiie i 43
Figure 7. Correlations between average rating scores per image and other image measures................ 45
Figure 8. Scatter plots of the soothingness ratings for each image plotted against the order and
complexity ratings for each image, as well as against anisotropy and HOG complexity ............c........ 47
Figure 9. Scatter plots of the fascination ratings for each image plotted against the order and complexity
ratings for each image, as well as against anisotropy and HOG complexity ...........cccceeveivrivniiiincnnennns 48
Figure 10. Scatter plot of the fascination ratings for each image plotted against the combined order and
complexity ratings fOr aCh IMAJE .........cooiriiiiiii e 49
Figure 11. Scatter plots of the standardized soothingness and fascination ratings for each image plotted
against the standardized order and complexity ratings for each image, separately for images with a
positive and a negative standardized cOMPIEXitY Fating...........cooereiririrenereeese e 50

Figure 12. Schematic representation of the study’s main fiNdiNgS..........cccooviriiiniieiii e 54

viii






Order, Complexity, and Aesthetic Preferences for Neatly Organized Compositions

With more than 500.000 people following the Tumblr-blog of Things Organized Neatly®
(http://thingsorganizedneatly.tumblr.com/) curated by Austin Radcliffe, images of neatly organized
compositions seem to be quite popular online (Radcliffe, 2016). This raises the question why this type
of images is so popular and attracts so many people. To address this issue, we investigated what
aspects of the images and their spectators underlie people’s experience of neatly organized
compositions as aesthetically pleasing. As we hypothesized the balance between order and complexity
to play an important role in determining aesthetic preferences, especially for this type of stimuli, the
selection of specific stimulus and individual difference dimensions to include in the study focused on
factors relating to (the balance between) order and complexity. These factors were then tested in a
large-scale online study with carefully selected stimuli.

Neatly Organized Compositions

A neatly organized composition is a set of objects, or parts of objects, organized in an orderly
(i.e., tidy, neat) way (see Figure 1 for examples). Other terms that are related to this topic are
organization porn (i.e., stylized images of everyday objects arranged in a neat, visually pleasing way;
Alleyne, 2015), knolling (i.e., arranging objects in parallel or in right angles as a way to organize
them, a term first used by Andrew Kromelow in 1987 and popularized by Tom Sachs in 2009; Hay,
2015; Sachs, 2011), and flat lay photography (i.e., objects spread out on a flat surface and
photographed from above; Innis, 2016). Although the blog of Things Organized Neatly® is a popular
reference (Alleyne, 2015), images of neatly organized compositions circulate on various online
sharing platforms like Reddit, Pinterest and Tumblr as well as on social media like Instagram
(Alleyne, 2015). Ursus Wehrli, a Swiss artist, is also working with neatly organized compositions,
both of daily-life objects and pieces of art (cf. books like “Tidying Up Art” and “The Art of Clean
Up”; Wehrli, 2002, 2011). Wehrli even created an app to let people tidy up art themselves (Kein &
Aber AG, 2012). Furthermore, his TED talk about tidying up art given in 2006 but put online in 2008
has more than 1.250.000 views (Green, 2013; Wehrli, 2006).

In lay interpretations, the appreciation of neatly organized images is often linked to obsessive-
compulsive tendencies (e.g., Bielski, 2010; The Webbys, 2015). Furthermore, lay interpretations
emphasize that some people watch the neatly organized images to calm down or to relax (e.g.,
Alleyne, 2015; Ellison, 2015), as these images bring “a sense of order to the chaos of everyday life”
(Ellison, 2015).

Understanding Aesthetic Appreciation

The popularity of neatly organized compositions, especially online, urges us to think about
reasons why people experience them as aesthetically pleasing. This project can be situated in the field
of experimental psycho-aesthetics, as it is aimed at accurately describing people’s aesthetic
evaluations and understanding the factors that determine them (Palmer, Schloss, & Sammartino, 2013;

Wagemans, 2011). We will use aesthetic appreciation to refer to the taste or sense of beauty (or



ugliness) based on feelings of pleasure (or displeasure) attained from the sensory processing of a
stimulus “for its own sake” (Post, Blijlevens, & Hekkert, 2016; Wagemans, 2011). This definition is
closely related to Baumgarten’s definition of aesthetics (Wagemans, 2011). Aesthetic preference will

be used to indicate observers’ more positive aesthetic appreciation for a certain stimulus in contrast to

the other stimuli presented.
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Figure 1. Examples of neatly organized compositions.

Aesthetics is not confined to art. It is important to clarify that aesthetics is not reducible to
art or the other way around (Palmer et al., 2013). Whereas aesthetic appreciation can occur in response
to very diverse types of stimuli, not constrained to art objects, art pertains to more than people’s
aesthetic appreciations in response to the artwork (Palmer et al., 2013). Palmer et al. (2013) argue that
essentially everyone has some aesthetic response to essentially everything they see. In most situations
this response may not be on the forefront of attention, but it can be under certain conditions, for
example when the aesthetic response is extreme (Palmer et al., 2013).

Images of neatly organized compositions in particular are a type of stimuli situated on this
border between art and aesthetics of every-day objects and images. Whereas some people will view
them as a type of art, others might be more sceptical of these images as an art form. In conclusion,
regardless of whether people view neatly organized images as art, they might experience a form of

aesthetic appreciation in response to this type of stimuli.



Aesthetics involves both stimulus and person. Research in experimental psycho-aesthetics
can focus on either stimulus or person properties determining aesthetic preferences (Wagemans,
2011), but an adequate theory of aesthetic preferences must include both, from an interactionist
perspective (Mather, 2014). Although most studies of aesthetic preference aim to find stimulus
properties influencing preferences of all individuals in the same way (Vessel & Rubin, 2010), the
influence of individual differences in aesthetic preference must not be neglected. Previous research has
shown that individual differences in aesthetic preferences can be strong and that ignoring these by
averaging over participants can lead to an inadequate representation or an incomplete interpretation of
the acquired data (Gugllturk, Jacobs, & van Lier, 2016; Jacobsen, 2004; Vessel & Rubin, 2010).
Vessel and Rubin (2010) found more pronounced individual differences in aesthetic preferences for
abstract than for real-world images. However, their experiments also indicated that pronounced
differences in preference can occur for real-world images in contexts in which the semantic meaning
of the images is de-emphasized. In the case of images of neatly organized compositions, the
organization brought into these images could de-emphasize the semantic meaning of the presented
objects. Therefore, we expect that pronounced individual differences in preference exist for images of
neatly organized compositions. An important and defining aspect of the current project is that both
aspects of the stimuli and of the individuals seeing the stimuli are investigated.

Balancing ecological validity and experimental control. Research in experimental psycho-
aesthetics often struggles with the challenge of balancing the needs for ecological validity and
experimental control. In studies investigating the influence of order and complexity on aesthetic
appreciation, maximizing experimental control by using simple stimuli has long been the dominant
approach (Wagemans, 2011). This approach gives researchers the possibility to precisely control
which factor is manipulated and it thereby enables them to determine which factor is responsible for
the difference in aesthetic appreciation. However, the stimuli used are often that simple that they are
not very relevant to aesthetic objects and images encountered in daily life, and could therefore neglect
important determinants of real aesthetic behavior (Nadal, 2007). In contrast, other studies try to
maximize ecological validity by using existing aesthetic stimuli, like art works or design objects
(Wagemans, 2011). Although this increases ecological validity, it also diminishes experimental control
and thereby the possibility to precisely determine the crucial differences between the different stimuli
presented (Nadal, 2007). In this first study concerning images of neatly organized compositions, we
tried to balance the needs for ecological validity and experimental control by collecting existing
images but only pairing and comparing images that seemed to differ on few stimulus dimensions and
sometimes slightly adapting the existing images (cf. Methods section and Appendix A).

Behavioral measures of aesthetic appreciation. Gustav Theodor Fechner (1834-1887),
pioneer of experimental aesthetics (e.g., Gilbert & Kuhn, 1953/1972), described three distinct
experimental methods for investigating aesthetic appreciation: the method of construction or

production, the method of selection or choice, and the method of use (Fechner, 1876; Gilbert & Kuhn,
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1953/1972; Nadal, 2007; Westphal-Fitch, Oh, & Fitch, 2013). When using the method of production,
participants are asked to produce their own aesthetic objects. The method of use is concerned with
measuring objects in daily life and analyzing patterns in these observational data, under the
assumption that the features that are most common in a certain society are also preferred by that
society. The method of selection or choice was the one Fechner used the most in his experiments and
that is still frequently used in contemporary research. It involves asking observers to compare the
pleasingness of different stimuli. A common used form of the method of choice is two-alternative
forced choice (2AFC). In spatial (or temporal) 2AFC, participants indicate which of two
simultaneously (or sequentially) presented visual stimuli they prefer. Advantages of this method
include that there is virtually no memory load, that the response asked from the participant is very
simple, and that minimal response bias effects occur (Palmer et al., 2013). However, 2AFC data give
only relative rather than absolute information about the aesthetic appreciation of certain types of
stimuli. In other words, choice data can tell which stimulus people prefer over others, but it cannot tell
the extent to which people judge a stimulus as ugly or beautiful (Mather, 2014). An alternative method
that remedies this disadvantage is showing participants one stimulus at a time and asking them to rate
this stimulus on a scale of aesthetic appreciation (e.g., rate how much they like the stimulus on a 7-
point scale). However, this rating method has its own disadvantages. For example, it can be hard for
participants to make consistent ratings across trials, especially at the beginning of the series.
Therefore, when using this rating method, it is suggested to present the entire set or a representative
sample of stimuli before the participants start rating (Palmer et al., 2013). In this study, we chose for a
spatial 2AFC method to measure aesthetic preferences for neatly organized compositions.
Complexity and Aesthetic Appreciation

One factor assumed to play an important role in determining aesthetic appreciation is the
complexity of a stimulus. Arnheim (1966) defined complexity as “the multiplicity of the relationships
among the parts of an entity” (p. 123). As will become clear during my literature review on the topic,
the term complexity has been used to refer to a whole plethora of different stimulus aspects and has
been defined in very diverse ways. Therefore, | will discuss the definition of this concept more
elaborately in a later section.

Differential relationships between complexity and aesthetic appreciation. Although a lot
of studies support the importance of complexity in shaping aesthetic preferences (e.g., Jacobsen &
Hofel, 2002; Jacobsen, Schubotz, Hofel, & von Cramon, 2006; Tinio & Leder, 2009), studies do not
agree on the type and direction of the relationship (Nadal, Munar, Marty, & Cela-Conde, 2010).
Berlyne predicted that stimuli with a moderate level of complexity would be preferred above those
with low or high levels of complexity (Nadal, 2007). Many studies support Berlyne’s hypothesis of an
inverted U-shaped relationship between complexity and aesthetic preference (e.g., for music: North &
Hargreaves, 1995; Gordon & Gridley, 2013; for line drawings of house facades: Imamoglu, 2000; for
language sequences and random shapes: Munsinger & Kessen, 1964). However, other studies reported
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a positive linear (e.g., for snowflakes: Adkins & Norman, 2016; for texture patterns: Friedenberg &
Liby, 2016), or even a non-inverted U-shaped relationship (e.g., for solid objects: Adkins & Norman,
2016; Philips, Norman, & Beers, 2010) between complexity and aesthetic appreciation.

The contradictory findings seem to result from several theoretical and empirical difficulties
(Nadal et al., 2010). Not only do studies differ enormously in the type of stimuli they used (as well as
in the number of participants, the number of stimuli and the ecological validity of these stimuli; Marin
& Leder, 2013), also the way in which complexity was defined, measured, and manipulated varied
between studies (Nadal et al., 2010). Additionally, the effects of complexity on aesthetic appreciation
might be subject to individual differences (e.g., Aitken, 1974; Glcluturk et al., 2016; Jacobsen &
Hofel, 2002; Tinio & Leder, 2009).

Objective and subjective complexity. One important distinction between different types and
operationalizations of complexity is the distinction between subjective and objective complexity.
Obijective complexity refers to the amount or degree of complexity that is physically present in a
certain stimulus. Consequently, objective measures of complexity are computed based on the
properties of the stimulus itself. Whereas some objective measures are based on statistical image
properties or image compression techniques, others are based on more directly visible stimulus
dimensions. Commonly used examples of statistical image properties related to complexity are the
Pyramid of Histograms of Orientation Gradients (PHOG) based measures of self-similarity,
complexity, and anisotropy, Fourier slope and fractal dimension (e.g., Braun, Amirshahi, Denzler, &
Redies, 2013; Mather, 2014). Popular measures based on image compression techniques include GIF
(Graphics Interchange Format; e.g., Forsythe, Nadal, Sheehy, Cela-Conde, & Sawey, 2011;
Friedenberg & Liby, 2016; Marin & Leder, 2013) and JPEG (Joint Photographic Expert Group; e.g.,
Chikhman, Bondarko, Danilova, Goluzina, & Shelepin, 2012; Marin & Leder, 2013). Objective
complexity measures based on more directly visible characteristics of the stimulus may include
different measures of the number and variety of elements or colors in the stimulus (e.g., number of
individual elements; Tinio & Leder, 2009; number of independent turns in polygonal shapes;
Munsinger & Kessen, 1964).

In contrast, subjective complexity entails the subjects’ perception of the complexity of the
stimulus in question. Consequently, measures of subjective complexity take the observer into account,
but vary in how much importance they give to individual differences (i.e., averaging over participants
or using the separate scores of each individual participant). Examples of how subjective complexity
can be measured include 2AFC tasks (e.g., Chipman & Mendelson, 1979) and rating scales (e.g.,
Marin & Leder, 2013), in parallel to the measures of aesthetic appreciation discussed above (cf.
“Behavioral measures of aesthetic appreciation™).

Statistical image properties as objective measures of complexity. The objective complexity
measures discussed here are the ones that are included in the present study. Self-similarity indicates

how similar the object as a whole is to its parts (Lyssenko, Redies, & Hayn-Leichsenring, 2016). It is



closely related to scale invariance and fractal dimension, and earlier studies have found museum
paintings to be highly self-similar (e.g., Redies, Amirshahi, Koch, & Denzler, 2012). HOG-based
complexity is defined as the sum of the magnitude of changes in luminance or color in an image. The
higher the value of this measure, the more objectively complex the image is (Redies et al., 2012).
Anisotropy measures the difference in magnitude of changes in luminance or color across orientations
in an image (Braun et al., 2013). Low anisotropy indicates that the strength of the changes is similar
across orientations, whereas high anisotropy indicates that some orientations are more prominent than
others in the image. In previous research, museum paintings and graphic artworks were characterized
by a low degree of anisotropy (e.g., Redies et al., 2012). Fourier slope is an indicator of the strength of
low spatial frequencies (representing coarse detail) relative to high spatial frequencies (representing
fine detail) in the image (Redies, Brachmann, & Hayn-Leichsenring, 2014). A slope value of -2
indicates that the image has fractal-like, scale-invariant properties, which means that the relative
strength of low and high spatial frequencies stays constant when zooming in or out of the image. In
images with a shallower slope (values higher than -2), high spatial frequencies are more prominent
than in image with a slope of -2. In images with a steeper slope (values lower than -2), low spatial
frequencies are more important (Redies et al., 2014). For images of Western graphic art and natural
scenes, the Fourier slope was found to be around -2, indicating scale-invariant properties (e.g., Redies,
Hasenstein, & Denzler, 2007). Fractal dimension indicates how ‘fractal’ or self-similar an image is
(Hagerhall, Purcell, & Taylor, 2004). Fractals are shapes that show the same structures or patterns
when zooming in or out of the image (Hagerhall et al., 2004). For two-dimensional images, the fractal
dimension values are between 1 and 2, with values closer to 2 indicating more complex and intricate
images (Mureika & Taylor, 2013). In previous research, humans preferred intermediate values for the
fractal dimension, ranging from 1.3-1.5 (Taylor, Spehar, Van Donkelaar, & Hagerhall, 2011).

Although the relations between the different statistical image properties depend on the type of
images analyzed (C. Redies, personal communication, July 2, 2016), earlier research consistently
found a relatively high correlation between HOG complexity and fractal dimension (e.g., r = .82, p <
.001 in Braun et al., 2013). The other correlations seemed more variable (for an idea of previously
reported correlations, see Table 6 in Braun et al., 2013). Fourier slope and HOG complexity are
somewhat related because a more shallow Fourier slope indicates more high frequencies (representing
fine detail) in the image, which can make the image more complex. Anisotropy does only relate to
complexity in some cases, for example in the most complex and self-similar natural images (which
have low anisotropy; C. Redies, personal communication, July 2, 2016).

Aspects of objective complexity determining subjective complexity. Several researchers
have tried to determine the physical and statistical (i.e., objective) aspects of the stimulus that help to
predict subjective complexity (e.g., Attneave, 1957; Corchs, Ciocca, Bricolo, & Gasparini, 2016). In
previous studies, statistical image properties like self-similarity and HOG complexity showed strong

positive correlations with subjective ratings of complexity (e.g., r = .56 and r = .68, ps < .001,
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respectively, in Lyssenko et al., 2016). Anisotropy showed a negative correlation with subjective
complexity (r =—.39, p <.001 in Lyssenko et al., 2016)™.

However, subjective complexity is not reducible to aspects of objective complexity (Arnheim,
1954/2004; Attneave, 1957). Individual differences exist in which aspects of objective complexity
determine an individual’s perceived complexity and to what extent (cf. “Individual differences in the
perception of order and complexity”). Furthermore, the importance of different aspects of objective
complexity for subjective complexity may vary depending on the type of stimuli selected (e.g.,
Chikhman et al., 2012) or on the definition of complexity given to the participants (e.g., Oliva, Mack,
Shrestha, & Peeper, 2004).

Other researchers have specified a number of dimensions to categorize the different objective
complexity factors influencing subjective complexity (e.g., Berlyne et al., 1968; Nadal et al., 2010).
According to Berlyne (1960), the subjective or perceived complexity of a stimulus is positively related
to the number of distinguishable elements and the dissimilarity between those elements. Additionally,
he postulated a negative relation between perceived complexity and the degree to which several
elements are responded to as a unit (Berlyne, 1960). A factor analysis conducted by Berlyne, Ogilvie,
and Parham (1968) indicated two main factors determining subjective complexity: (a) the number of
independently selected component elements, which they called an ‘information content’ dimension;
and (b) a dimension they called “unitariness vs. articulation into easily recognizable parts’.

Chipman (1977) distinguished between quantitative and structural variables influencing
perceived complexity. She argued that where the quantitative variables set the upper limit for the
amount of perceived complexity, the detection of psychologically relevant organization (i.e., the
structural variables) can reduce subjective complexity.

Nadal et al. (2010) later differentiated between three different forms of visual complexity that
influenced people’s perception of complexity: subjective complexity related to (a) the amount and
variety of elements, (b) the ways those elements are organized, and (c) asymmetry?. They also
reported preliminary evidence for differential relationships between these three factors determining
subjective complexity and aesthetic appreciation. Whereas the amount and variety of elements had a
positive linear relationship with aesthetic appreciation, a descending U-shaped relation was found for
complexity in the ways the elements in a stimulus are organized. Furthermore, asymmetry showed an

inverted U-shaped relationship with aesthetic appreciation.

! Additionally, self-similarity and HOG complexity correlated slightly negatively and anisotropy slightly
positively with structure ratings (r = -.24, r =-.29, and r = .22, ps < .001, respectively, in Lyssenko et al.,
2016).

2 Although the work of Nadal et al. (2010) is an important theoretical contribution for distinguishing between
and structuring of the different uses of the term complexity in the existing literature, we will reinterpret these
different types of complexity below in terms of order and complexity.



Complexity as a multidimensional concept. Besides Berlyne et al. (1968), Chipman (1977),
and Nadal et al. (2010), other authors have also noted that visual complexity is a multidimensional
concept (e.g., Kreitler, Zigler, & Kreitler, 1974; Rump, 1968). Rump (1968) reported that individuals’
preferences for different aspects of objective complexity did not correlate with each other. This means
that individuals’ preference for a specific type of objective complexity did not reflect whether they
also preferred other types of objective complexity. Kreitler et al. (1974) did find some correlations
between the preferences for different complexity dimensions they examined, but the correlations were
very low. However, most research on complexity and aesthetic appreciation has used complexity as a
unidimensional concept, not distinguishing between different aspects of complexity (Nadal, 2007). As
mentioned earlier, various operationalizations of complexity have been used, which may be one of the
reasons why differential relationships between complexity and aesthetic appreciation have been found
(Nadal, 2007). As Nadal et al. (2010) found preliminary support for differential relationships between
the types of complexity they distinguished and aesthetic appreciation, it appears that acknowledging
the multidimensionality of complexity may be a fruitful approach in the search for consistent
relationships between complexity and aesthetic appreciation.

Subjective complexity resulting from objective complexity and order. The literature
reviewed above (e.g., Berlyne et al., 1968; Nadal et al., 2010) defined subjective complexity as
dependent on aspects related to the quantity and variety of elements in a stimulus as well as aspects
related to the structure and organization in the stimulus. We agree with the authors mentioned above
that subjective complexity may be defined based on these different dimensions. However, we will
define objective complexity as only containing those aspects related to the quantity and variety of
information in a stimulus, very similar to the first dimension mentioned by Berlyne et al. (1968) and
Nadal et al. (2010). Objective order will be used to refer to aspects related to the structure and
organization of the information in the stimulus (cf. the second dimension of Berlyne et al., 1968, and
the second and third dimension of Nadal et al., 2010).

Order and Aesthetic Appreciation

Besides complexity, also the order or organization present in a stimulus is assumed to
influence aesthetic appreciation. Arnheim (1966) defined order as “the degree and kind of lawfulness
governing the relations among the parts of an entity” (p. 123). Although Nadal et al. (2010) described
how the elements in the stimulus are organized and the symmetry present in the stimulus as aspects of
complexity, we will regard them as aspects of order instead.

Simplicity versus order. It is important to clarify that we distinguish order from simplicity
(and complexity from disorder). In what follows, simplicity is defined as opposite to complexity,
indicating the quantity and variety of information content in a stimulus. In contrast, order refers to how
and to what extent the elements in the stimulus are organized or structured, without taking into
account the number or variety of elements that is present in the stimulus. Of course, the degree of

order or disorder that can be present on a certain stimulus dimension will depend on the degree of
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complexity present on that dimension, in the sense that there is more room for an effect of order versus
disorder when the number or variety of elements is larger. A stimulus that is complex on a certain
stimulus dimension (e.g., showing a lot of variety in the orientation of its elements or its colors; see
Figure 1A and 1D) can also be very ordered, both on the same dimension (e.g., a systematic gradient
in colors can be presented; see Figure 1D) and/or on other stimulus dimensions (e.g., the elements can
together form an ordered configuration, for example a circle; see Figure 1A). On the other hand, a
stimulus that is very simple on a certain stimulus dimension (e.g., all elements in the stimulus have the
same color; see Figure 1A) usually cannot be very disordered on the same dimension, but the stimulus
can be very disordered on other stimulus dimensions (e.g., different orientations and shapes of the
elements in the stimulus; see Figure 1A).

As was the case with complexity, different conceptualizations of order have also been used.
However, to our knowledge, less systematic research is done about the different conceptualizations
and operationalizations of order than those of complexity. Furthermore, whereas the distinction
between objective and subjective order would make sense, it is not typically been used in the
literature. One aspect of order that did get some empirical attention in previous decades when studying
aesthetic appreciation is symmetry. One of the reasons that other aspects of order have remained
understudied may be that those aspects seem less straightforward to measure in a purely objective way
than symmetry or aspects of complexity. Furthermore, some aspects of order have been studied under
the label of complexity (which has added to the confusion in the literature).

Order as a multidimensional concept. Like complexity, order can be viewed as a
multidimensional concept. Different types of order exist (e.g., similarity grouping, symmetry,
alternation/iteration, systematic alteration/gradient, etc.) and order can occur with respect to different
dimensions (e.g., color, shape, spatial composition/configuration, etc.). Below some of the important
components of order and their relation to aesthetic appreciation will be highlighted.

Perceptual grouping principles. Gestalt psychologists formulated different grouping laws
(Arnheim, 1954/2004; for a review, see Wagemans et al., 2012) including the principles of similarity
(e.g., in color, size, shape, or spatial orientation), proximity (i.e., similar spatial location), common
fate (i.e., similar direction or speed), symmetry and parallelism, continuity, and closure. The most
general Gestalt law is the law of Prégnanz, which states that objects within the perceptual field (and
the perceptual field in itself) will be organized in the simplest and most encompassing way possible
given the current conditions (Wagemans et al., 2012). In his book “Art and Visual Perception”,
Arnheim (1954/2004) described the close relationship between the Gestalt principles and the arts: “at
no time could a work of art have been made or understood by a mind unable to conceive the integrated
structure of a whole” (p. 5) and “All works of art have to be looked at ‘from above,” that is, with a
primary grasp of the total organization. At the same time, however, relations among the parts often

play an important compositional role” (p. 88).



Some authors hypothesized that aesthetic appreciation is generated from being able to group
elements together and to detect the properties that bring order and unity to them (Post et al., 2016;
Ramachandran & Hirstein, 1999). Also Koffka already described a link between Gestalt psychology
and aesthetic appreciation (Koffka, 1940). However, to our knowledge, not much empirical research
has systematically investigated the grouping principles above in relation to aesthetic appreciation.

Symmetry and aesthetic appreciation. One grouping principle for which evidence does exist,
is symmetry. In the study of Jacobsen and Hofel (2002), symmetry was found to be the most important
factor in the aesthetic appreciation of graphic patterns. Most studies argue that people prefer symmetry
above non-symmetry (e.g., Cardenas & Harris, 2006; Jacobsen et al., 2006; Munsinger & Kessen,
1964; Westphal-Fitch, Huber, Gomez, & Fitch, 2012). Cardenas and Harris (2006) showed that
participants preferred symmetrical designs above asymmetrical designs. Westphal-Fitch et al. (2012)
used the method of production and found that people spontaneously produced highly ordered, often
symmetrical, visual patterns, without being instructed to do so. However, some other investigations
point to a preference for slight asymmetry, for example when comparing Mondrian’s paintings to
symmetrical alternatives (Swami & Furnham, 2012).

Perceptual balance and aesthetic appreciation. Symmetry can be seen as the simplest type of
perceptual balance (Wilson & Chatterjee, 2005). Besides for the importance of symmetry, there is
evidence for the importance of dynamic balance in determining aesthetic appreciation (Wilson &
Chatterjee, 2005). Dynamic balance arises from a stimulus in which the visual forces of the different
elements compensate each other (Wilson & Chatterjee, 2005). Also Hubner and Fillinger (2016) found
perceptual balance to be a predictor for ratings of aesthetic appreciation. Locher, Stappers, and
Overbeeke (1998) asked participants to create visual designs themselves. For most participants, the
center of the design was very near to the geometric center of the display field, indicating perceptual
balance.

Conceptual Dimensions of Order and Complexity

Although this was not explicitly discussed until now, order and complexity can also occur on
conceptual or semantic dimensions (i.e., dimensions relating to concepts or ideas or to meaning).
Birkhoff (1932/1933) distinguished formal and connotative elements of order. Formal elements of
order (e.g., repetition, similarity, contrast, equality, symmetry, balance, and sequence) involve a
reference to a simple physical property of the aesthetic stimulus. Connotative elements of order
involve all properties of the stimulus that are not of this simple formal type. Nicki and Moss (1975)
distinguished between perceptual and conceptual complexity, the first being related to the number of
stimulus elements and the degree of irregularity in their arrangement and the second factor being
related to the cognitive labels or associations evoked by the stimulus.

The fact that most studies in aesthetics have focused either on form (i.e., perceptual
dimensions) or on content (i.e., conceptual or semantic dimensions) was mentioned by Berlyne (1960)

as one of the problems with the aesthetics research of his time. Phillips et al. (2010) suggested that the
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interaction of ‘denotative’ and ‘connotative’ properties of artworks could drive the contrasting
findings in the aesthetics literature in the sense that the connotations given to an artwork can be very
peculiar for each observer, possibly leading to large individual differences.

Some studies found conceptual or semantic factors to be the most important ones in
determining aesthetic appreciation (e.g., Martindale, Moore, & Borkum, 1990). In addition, some
studies found evidence for a preference for less conceptual ambiguity. Stephens and Hoffman (2016)
reported that textures with fewer descriptions (i.e., fewer possible conceptual organizations of the
stimulus content) were liked better. Taylor and Franklin (2012) observed the same for colors: Colors
associated with fewer objects were liked better than objects associated with many objects.

Whereas the results of Munsinger and Kessen (1964) supported the inverted U-shaped
function between variability (i.e., complexity) and aesthetic appreciation, they found unexpectedly
high preference for extremely simple and extremely complex figures. The preferences for extremely
complex figures could be accounted for by effects of meaningfulness: The extremely complex figures
were judged much more meaningful than the figures with intermediate complexity (Study 3). Also
conceptual or semantic aspects of order and complexity seem to influence aesthetic appreciation.
Aesthetic Appreciation and the Balance Between Order and Complexity

Both order and complexity are thus important in determining aesthetic appreciation. One
additional reason for the contrasting findings in both fields of study could be that effects order and
complexity are intertwined, and that it is the balance between the two that influences aesthetic
appreciation. We hypothesized the theoretical principle of balancing order and complexity to play an
important role in explaining aesthetic preferences, especially for neatly organized compositions.

History of the balance between order and complexity. Throughout history, the importance
of an appropriate balance between order (also referred to as unity, uniformity, synthesis, harmony,
lawfulness, and organization) and complexity (also variety, diversity, or multiplicity are used) in
explaining aesthetic appreciation has been suggested by many different philosophers, including Philo,
Plotinus, Descartes, Hutcheson, Baumgarten and Moses Mendelssohn (Gilbert & Kuhn, 1953/1972;

Rist, 1967). By introducing an aesthetics “from below”*

, Fechner’s work represented a transformation
from more deductive and theoretical to more inductive and experimental methods in the field of
aesthetics (Cupchik, 1986). With his formal principle of unified connection of the manifold (Gilbert &
Kuhn, 1953/1972), Fechner proposed that stimuli that are experienced as pleasing must provide an
adequate balance between order (i.e., ‘unified connection’) and complexity (i.e., ‘the manifold’;
Cupchik, 1986). Furthermore, he argued that people will tolerate a moderate level of arousal more
frequently and for a longer time than a very low or very high level, as this would cause under- or

overstimulation, respectively (his ‘principle of the aesthetic middle’; Cupchik, 1986).

8 This is used in contrast to the philosophical aesthetics “from above” and not used in contrast to the earlier
mentioned “from above” in the section about perceptual grouping principles.
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Based on Wundt’s (1874) inverted-U curve showing that pleasantness is perceived as highest for
medium stimulus intensities, Berlyne proposed a similar association between pleasure and arousal
potential: “moderate arousal potential will be maximally rewarding” (Berlyne, 1960, p. 201).
However, this optimal level of arousal is supposed to depend on a large number of different factors,
including collative (related to the viewer’s expectations), psychophysical (related to the sensory
dimensions of the stimulus), and ecological variables (related to the meaningfulness and associations
to environmental objects; Palmer et al., 2013).

When applying his arousal theory to aesthetic appreciation, also Berlyne (1960) discusses the
principle of unity in diversity. He relates diversity to two factors that constitute complexity (i.e.,
heterogeneity and numerosity of elements), but argues that diversity can also entail novelty,
ambiguity, and surprise. In contrast, the principle of unity is proposed to moderate or diminish arousal
levels (Berlyne, 1960).

Clarifying the relation between order and complexity. As long as no clear definition of
unity (i.e., order), diversity (i.e., complexity), or their relation (i.e., balance) is given, we cannot really
do anything with this information (Eysenck, 1942). Birkhoff (1932/1933), a mathematician, was the
first who tried to define these concepts and their relation in a more exact way (Eysenck, 1942). His
theory of aesthetic preference (M = O/C) stated that a measure of aesthetic preference (M) should vary
positively with the amount of order (O) and negatively with complexity (C; Boselie & Leeuwenberg,
1985; Palmer et al., 2013). Birkhoff specified in detail how he defined order and complexity (i.e.,
identifying different stimulus properties that could be seen as different manifestations of order and
complexity) for a series of different object classes, including polygons and melodies (Boselie &
Leeuwenberg, 1985). He argued that the elements determining order and complexity should be
identified for each class of objects separately (Eysenck, 1942). However, no convincing empirical
evidence was found to support Birkhoff’s formula (Boselie & Leeuwenberg, 1985; Palmer et al.,
2013).

Eysenck (1942) acknowledged Birkhoff’s contributions, but pointed out that next steps to take
were (a) to identify the elements that determine order and complexity empirically (instead of via
deductive reasoning); and (b) to derive a general formula to represent the relation between order and
complexity in an experimental way. Therefore, Eysenck (1941) developed an empirical aesthetic
formula to predict the preference of humans for simple polygons (Boselie & Leeuwenberg, 1985;
Nadal, 2007). In Eysenck’s measure (M = O x C) both order and complexity could positively
contribute to aesthetic preference, whereas Birkhoff’s measure predicted complexity to be negatively
correlated with liking. Although Eysenck’s measure specifically concerned the aesthetic preference for
polygons, he predicted that the presence of aspects of order and complexity would be positively
related to aesthetic preference in any set of visual stimuli (Nadal, 2007). However, he argued that the

final formula would inevitably be more complicated than his proposal (M = O x C; Eysenck, 1942).
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Arnheim postulated an antagonistic but also a complementary relationship between both
concepts. More specifically, he stated that although order tends to reduce complexity and complexity
tends to reduce order, order and complexity also need each other, as “complexity without order
produces confusion; order without complexity causes boredom” (Arnheim, 1966, p. 124). Gombrich
(1984/1992) later stated it as the most basic fact of aesthetic experience “that delight lies somewnhere
between boredom and confusion” (p. 9).

In later work, Arnheim refers to what he previously called order as orderliness, and describes
the balance between orderliness and complexity as order. “A structure can be more or less orderly at
any level of complexity. The level of ordered complexity is the level of order” (Arnheim, 1971, p. 51).
Arnheim regarded ‘order’ (i.e., the balance between orderliness and complexity) as a necessary but not
a sufficient condition for aesthetic appreciation (Arnheim, 1971).

Besides in the context of empirical aesthetics research, the balance between order and
complexity has been discussed in many other research fields and application contexts, including
acoustics (e.g., Fletcher, 2012), webpage design (e.g., Deng & Poole, 2012; Post, Nguyen, & Hekkert,
2017), environmental aesthetics (e.g., Nasar, 1994), fashion (e.g., Gray, Schmitt, Strohminger, &
Kassam, 2014), and product design (e.g., Post et al., 2016). Post et al. (2016) define the principle of
unity-in-variety as “the maximization of both unity and variety, in order to achieve a balance that
offers the greatest aesthetic appreciation” (p. 142). They argue that unity (i.e., order) is the dominant
factor in the relationship between unity and variety, and that unity (i.e., order) facilitates the
appreciation of variety (i.e., complexity). They tested this idea of unity (i.e., order) and variety (i.e.,
complexity) being partial opposites while simultaneously contributing to aesthetic appreciation in the
field of product design. They found that “the relationship between unity and variety is asymmetrical:
the appreciation of variety is highly dependent on the presence of unity, whereas unity can be
appreciated for its own sake” (Post et al., 2016, p. 150). From a study on webpage aesthetics, Post et
al. (2017) concluded that “both unity and variety independently and positively influence aesthetic
appreciation” (p. 48) and that “simultaneously maximizing unity and variety leads to an optimal
balance where aesthetic appreciation is highest” (p. 48).

Various relationships between order and complexity. Although the principle of balancing
order and complexity (i.e., unity in variety) has been perceived as one of the fundamental principles of
aesthetics since ancient times, very few empirical studies have investigated the balance between order
and complexity in a direct way (Post et al., 2016). In this project, we will follow Eysenck’s
recommendations by trying to identify the elements determining order and complexity for this specific
type of stimuli (i.e., images of neatly organized compositions) and trying to specify the formula
relating both concepts when influencing aesthetic appreciation in an empirical way. However, before
doing so, we will give our own view on the relation between order and complexity in determining

aesthetic preference, based on the literature reviewed above.
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We follow Arnheim (1966) in that the relationship between order and complexity is both
antagonistic and complementary. On the one hand, order and complexity can be seen as partial
opposites: Complexity reduces order, order reduces complexity (Arnheim, 1966). On the other hand,
we expect order and complexity to complement each other. Whereas order needs complexity to show
its structuring and clarifying potential, complexity needs order to be understood and appreciated.

Order and complexity as partial opposites. Although a lot of different types of order exist, we
will use the example of similarity here. Similarity is a form of order (i.e., a way in which the
information in a stimulus is ordered or organized), but it can also be seen as indicating a low level of
complexity (i.e., a smaller amount and variety of information: simplicity). For example, noticing that
all elements in the stimulus shown in Figure 1A are yellow cannot only make this image look less
complex than other images, it is also a way to perceive the shown elements as a coherent whole. The
similar color becomes a form of order or organization. This is one reason why we think order and

complexity are interrelated and need to be studied together.
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Figure 2. lllustration of order and complexity as partial complements. Order needs complexity to show

its possibilities, complexity needs order to be appreciated.

Order and complexity as partial complements. A second reason is that order and complexity
also need each other. On the one hand, order needs complexity to be able to show its possibilities.
With more complexity (i.e., larger amount and variety of elements present in the stimulus), more
possibilities arise for ordering or not ordering these elements. When complexity is low on a certain
dimension, there are fewer possibilities to order the stimulus on that dimension than when complexity
is high on that dimension (e.g., Figure 2A—-C versus 2D). We expect the degree of complexity present
in a stimulus to determine the order or disorder that can be present in that stimulus (both quantitatively

and qualitatively). That is, stimuli with higher levels of complexity (a) can show a broader range of
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(dis)order levels than stimuli with low levels of complexity (e.g., Figure 2B and 2C); and (b) can show
a broader range of qualitatively different orderings (without differences in the level of order that these
ordering possibilities represent; e.g., alternation versus symmetry, see Figure 2A and 2B) than stimuli
with lower levels of complexity (e.g., Figure 2D). Furthermore, ordered stimuli that lack complexity
may be perceived as boring.

On the other hand, complexity also needs order. Stimuli that are highly complex (i.e., contain
a large amount and variety of information) can only be ‘understood’ and aesthetically appreciated
when the information is sufficiently structured. Completely unstructured or disordered stimuli may
require too much energy or processing capacity and may be perceived as confusing. This is in line
with the ideas of Post et al. (2016), who argued that unity (i.e., order) facilitates the appreciation of
variety (i.e., complexity).

We summarize our ideas on the balance between order and complexity with the words of
Moore (1917, p. 145):

“Real art demands that we put forth a vigorous effort to comprehend a manifold of

impressions in a single scheme of thought. When this effort is severe but successful, aesthetic

joy is at its very pitch; when only a listless effort is called forth, the aesthetic work is trivial;

when the effort demanded exceeds our powers of mental activity, or when there is violent

thwarting of the powers called into play, we experience the painful shock of ugliness.”
In conclusion, it is hypothesized that order and complexity interact in how they influence aesthetic
appreciation. While on the one hand contrasting each other, order and complexity also seem to depend
on each other’s presence to optimize appreciation. However, individuals can vary in the amount of
order they prefer relative to the amount of complexity that is present. In other words, individuals can
vary in their preferred level of balance between order and complexity.
Alternative Accounts of Aesthetic Appreciation

Although we focus on the balance between order and complexity as a foundation for our
research, other theories and principles of aesthetic appreciation have been proposed and used in
empirical aesthetics too. Below we discuss some of the important theories of aesthetic appreciation
and how they can be related to the balance between order and complexity.

Processing fluency and aesthetic appreciation. Reber and colleagues (e.g., Reber, Schwarz,
& Winkielman, 2004) proposed processing fluency as a crucial determinant of aesthetic appreciation.
In their fluency theory, they state that the more fluently a stimulus is processed, the more the stimulus
will be preferred. Although it can explain many different phenomena in the field of experimental
aesthetics (cf. Palmer et al., 2013), it would predict a linear decrease in preference with increasing
complexity, as increased complexity is expected to require increased processing and complex stimuli
would thus be processed less fluently than simpler ones. Several attempts have been made to reconcile
preferences for complexity and the framework of processing fluency (e.g., Belke et al., 2015).

Recently, Joye, Steg, Unal, and Pals (2016) found evidence that some highly complex types of stimuli
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characterized by high internal repetition (e.g., fractals) can be processed fluently despite their visual
complexity. More specifically, they asked participants to solve some puzzles while being exposed (or
after being exposed) to either high-fractal or low-fractal stimuli. They found that participants solved
the puzzles that were presented in combination with the high-fractal stimuli in less time and more
accurately than puzzles presented in combination with the low-fractal stimuli. Furthermore,
participants perceived the puzzles associated with the high-fractal stimuli as easier than the ones
associated with the low-fractal stimuli.

By showing that processing fluency and complexity are not always negatively related, these
findings are a first step in the reconciliation of the ideas and findings of fluency theory and theories
predicting a positive relation between aesthetic appreciation and complexity. More specifically, the
internal order present in a stimulus of high complexity (in the study of Joye and colleagues in the form
of internal repetition) is expected to promote higher processing fluency and consequently also higher
aesthetic appreciation. This is not only explicable in the framework of fluency theory, but also in the
framework of a balance between order and complexity. More concretely, theories of the balance
between order and complexity predict the high level of order (internal repetition) to compensate for
high level of complexity in the high-fractal stimuli, leading to higher aesthetic appreciation.

Pleasure-Interest Model of Aesthetic Liking. The Pleasure-Interest Model of Aesthetic
Liking (P1A model; Graf & Landwehr, 2015) distinguishes between pleasure-based and interest-based
liking. It suggests a dual-process perspective on aesthetics, in which the first is stimulus-driven
automatic processing and the second is perceiver-driven controlled processing. Immediate automatic
processing is hypothesized to relate to pleasure, driven by a “gut-level fluency experience”, similar to
the processing fluency perspective presented above. Perceiver-driven controlled processing is
hypothesized to relate to evaluations of interest, triggered by a disfluency reduction. In a recent
addition to the theory, Graf and Landwehr (2017) suggested that both pleasure and interest mediate the
relationship between stimulus fluency and aesthetic liking.

When considering the relation between the PIA model and the principle of the balance
between order and complexity, we could suggest that evaluations of interest (for rather complex,
disfluent stimuli) only occur under perceiver-driven controlled processing because the ‘order’ resulting
from the controlled processing (i.e., disfluency reduction) is necessary to counterbalance the
complexity level of the stimulus. In contrast, evaluations of pleasure (for rather simple, fluent stimuli)
do not ask for as much counterbalancing order, and thus proceed automatically and pleasure can be
appreciated immediately.

More comprehensive theories on aesthetic appreciation. Also more comprehensive theories
of aesthetic appreciation include order and complexity in their models. In the model of aesthetic
appreciation and aesthetic judgments by Leder, Belke, Oeberst, and Augustin (2004), the principles of
complexity and order are mentioned in the perceptual analysis of the stimulus (the first processing

stage). Furthermore, the more conceptual and semantic types of order and complexity could play a role
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in later stages of the model (e.g., explicit classification, cognitive mastering). However, this is not
explicitly mentioned by Leder et al. (2004).
Individual Differences in Aesthetic Appreciation, Order, and Complexity

As mentioned earlier, research on aesthetic appreciation can focus on both stimulus and
person properties. Individual differences do not only play an important role in determining aesthetic
appreciation as such (e.g., Guglutirk et al., 2016; Jacobsen, 2004; Vessel & Rubin, 2010), but they
may also affect the perception of order and complexity, and by that way have an effect on aesthetic
appreciation. Furthermore, the type and strength of relationships between different aspects of order,
complexity, and aesthetic appreciation may be subject to individual differences (e.g., Nadal, 2007).

Individual differences in aesthetic appreciation. Eysenck (1942) specified four types of
individual difference factors influencing aesthetic appreciation. He proposed two general factors and
two “‘unique’ factors (i.e., peculiar to each observer). The first general factor, the “T’-factor (originally
referring to good “T’aste), was conceptualized as an innate factor of aesthetic appreciation (Eysenck,
1942). It has some resemblance to the general intelligence factor ‘g’, in the sense that individuals vary
in their “ability’ for aesthetic appreciation. The second general factor, the ‘K’-factor, distinguished
people preferring simple and ordered stimuli from people preferring more complex and less ordered
stimuli (Nadal, 2007). Eysenck (1942) related the ‘K’-factor to the personality dimension of
introversion-extraversion: “[...] the extravert prefers the simple, highly ‘unified," vividly coloured,
modern type of picture; [...] The introvert, on the other hand, prefers the complex, more diversified,
less 'poster-colour' picture [...]” (Eysenck, 1942, p. 353).

Regarding the two ‘unique’ factors (i.e., peculiar to each observer), Eysenck (1942)
distinguished “specific’ and ‘error’ factors. Specific factors “include those various individual
judgements which are based on private associations and experiences” (Eysenck, 1942, p. 354).
Eysenck used the term “error’ factors to indicate those that show intraindividual variability.

In what follows, we will focus on individual differences related to (the balance between) order
and complexity. Besides showing evidence that large individual differences in the aesthetic
appreciation of order and/or complexity exist, we will discuss some factors that may explain these
individual differences. However, we acknowledge that some of the factors mentioned under this
section can also have an influence on aesthetic appreciation in general (e.g., Openness to Experience,
art expertise).

Individual differences in the aesthetic appreciation of complexity. Large individual
differences in the aesthetic appreciation of complexity have been found in several studies (e.g., Aitken,
1974; Gugluturk et al., 2016; Jacobsen & Hofel, 2002; Tinio & Leder, 2009). When no individual
differences were taken into account and only average relations were examined, Aitken (1974) found an
inverted U-shaped relationship between complexity of random polygons and judgments of
pleasingness. However, when looking at the individual participants, very diverse patterns emerged. In

the same vein, Guglitirk et al. (2016) argued that the inverted U-shaped function between complexity
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and liking is the result of averaging very different individual functions between complexity and liking.
Whereas one group of participants showed a negative relationship between complexity ratings for
several digitally generated grayscale images and liking, another group of participants demonstrated a
positive relationship. Although these studies support the existence of individual differences in the
aesthetic appreciation of complexity, they do not specify individual difference factors that could
explain these diverging patterns. Below we discuss some personality and other individual difference
variables that have been found to be possibly important in the aesthetic appreciation of complexity.

Perceptual ability and processing ability. Chevrier and Delorme (1980) related individual
differences in the aesthetic appreciation of complexity to individual differences in perceptual ability.
They reported that children scoring high on an overlapping figures test and an embedded figures test
preferred stimuli of a higher level of complexity than low scoring children. Sherman, Grabowecky,
and Suzuki (2015) found evidence that aesthetic appreciation is higher for artworks of a level of visual
complexity that is compatible with the individual’s working memory capacity. More specifically, they
showed that individuals with lower visual working memory capacity tended to prefer artworks of a
lower level of visual complexity than individuals with higher visual working memory capacity.
Munsinger and Kessen (1964) reported that participants preferred an amount of cognitive uncertainty
that matched their processing ability. Taken together, both differences in perceptual ability and
processing ability seem to be related to aesthetic preferences for different levels of complexity.

Big Five personality traits. Besides individual differences in abilities, also individual
differences in personality may relate to aesthetic preferences. Openness to Experience is not only
related to a preference for art in general (Chamorro-Premuzic, Burke, Hsu, & Swami, 2010), it is also
the Big Five trait that is most consistently found to relate to aesthetic preferences for complexity (e.g.,
in music: Rentfrow & Gosling, 2003; in works of art: Chamorro-Premuzic et al., 2010). Chamorro-
Premuzic et al. (2010) additionally found a negative association between Conscientiousness and a
preference for subjectively complex paintings (i.e., paintings that were perceived as containing many
sophisticated and interconnected elements). Although Chamorro-Premuzic et al. (2010) predicted a
positive association between Extraversion and preference for complexity and a negative association
between Neuroticism and preference for complexity, their results did not support these last two
hypotheses.

Need for cognitive structuring. A personality trait that seemed possibly more closely related to
an individual’s preferred level of complexity than the very general Big Five personality traits, is an
individual’s desire for closure. The need for cognitive closure is defined by Kruglanski (1990) as a
desire for an answer, no matter which answer, in contrast to staying in a confused or ambiguous state.
Cognitive closure allows individuals to predict future situations and to act based on these predictions.
Related concepts are intolerance of ambiguity and intolerance of uncertainty. Intolerance of ambiguity
refers to the tendency of an individual to interpret a present situation that is ambiguous (e.g., novel,

complex, insoluble, unpredictable, uncertain) as a threat or a source of discomfort (Grenier, Barrette,
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& Ladouceur, 2005). Previous studies reported a negative correlation of ambiguity intolerance with
Openness to Experience (Bardi, Guerra, & Ramdeny, 2009) and with self-oriented perfectionism
(Buhr & Dugas, 2006). Intolerance of uncertainty resembles the concept of intolerance of ambiguity
but is more oriented toward future situations (Dugas et al., 2005). Uncertainty intolerance correlated
positively with ambiguity intolerance, several aspects of the need for cognitive closure, Neuroticism,
and Conscientiousness (Berenbaum, Bredemeier, & Thompson, 2008; Buhr & Dugas, 2006).

Cognitive structuring, described by Neuberg and Newsom (1993) as a way to reduce
informational quantity and complexity, is one way to reach cognitive closure®. By creating and using
abstract mental generalizations of previous experiences, individuals can understand the world without
spending too much of their cognitive resources. The concept of a personal need for structure taps into
the preference for structure and clarity as well as into reactions related to the absence of structure and
clarity (Thompson, Naccarato, Parker, & Moskowitz, 2001). Neuberg and Newsom (1993) found that
individuals scoring high on a measure of the personal need for structure tend to organize both social
and non-social information in less complex ways than low scoring individuals. Furthermore, a
person’s need for structure related to a preference for predictability (Webster & Kruglanski, 1994) and
to several Big Five factors. Neuberg and Newsom (1993) reported that a personal need for structure
correlated negatively with Openness to Experience. Furthermore, the subaspect related to a desire and
preference for structure was positively associated with Conscientiousness, whereas the subaspect
related to negative reactions towards a lack of structure was positively associated with Neuroticism
and negatively associated with Extraversion (Neuberg & Newsom, 1993).

Education level. When examining aesthetic preferences of students and manual workers,
Francés (1976) found that students preferred complex stimuli over simple ones, whereas preferences
for manual workers were reversed. When Francés (1976) looked at specific aspects determining
aesthetic preferences, there were no differences between the groups for the preferred number of
elements or the preferred level of heterogeneity of elements. However, differences between groups
were significant for four other aspects of complexity. Francés (1976) argued that these differences
could be explained based on the long-term novelty principle: Manual workers may not have had
enough experience with the more complex types of stimuli to be able to aesthetically appreciate them
in a positive way.

Expertise. “The more energetic and masterful the mind the more it will demand that the
material of its art be really complex” (Moore, 1917, p. 135). Whereas Orr and Ohlsson (2005) did find
relationships between complexity and aesthetic appreciation of jazz and bluegrass improvisations for
non-experts, they did not find these relationships for expert musicians in the field. Munsinger and

Kessen (1964) reported influences of experience on the relation between complexity and aesthetic

4 Another way to reach cognitive closure that Neuberg and Newsom (1993) describe is avoiding encountering
new information.
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appreciation, both when resulting from specific professional training and when induced
experimentally. In general, most studies found positive associations between art training and
preferences for complexity (for a review, see Nadal, 2007). Furthermore, it has been suggested that art
expertise may be positively associated with certain personality traits (e.g., Openness to Experience,
need for cognition, and ambiguity tolerance; Belke, Leder, & Carbon, 2015).

Personality disorders. Some personality disorders have been related to the appreciation of
complexity. King, Villeneuve, Post, Flowers, and Moonshine (1995) found positive associations
between the narcissistic and borderline personality disorders and the aesthetic appreciation of
complexity, whereas dependent personality disorder was negatively related to the appreciation of
complexity.

Individual differences in the aesthetic appreciation of order. Although no studies have
examined individual differences in the aesthetic appreciation of order directly, as far as we know,
Palmer and Griscom (2013) examined the preference for harmonious stimuli (i.e., in the sense of being
“good Gestalts™) on four different dimensions (i.e., color, shape, spatial location, and music). They
found strong correlations across the different domains. In other words, individuals with a high
preference for harmony on the color dimension also tended to prefer more harmony on the other
dimensions than individuals with a lower preference for harmony. Below we list some individual
difference factors that could influence an individual’s aesthetic appreciation of order.

Expertise. Specific training in a domain (i.e., spatial harmony for art training or musical
harmony for music training) seemed to be related negatively to preference for harmony scores in that
domain. Additionally, Palmer and Griscom (2013) argued that whether and how individual differences
in the preference for harmony and complexity might be related could be an important aspect for
further research.

Obsessive-compulsive tendencies. As obsessive-compulsive personality disorder (OCPD) is
related to perfectionism and a preoccupation with details, order, and organization (American
Psychiatric Association [APA], 2013 in Crego, Samuel, & Widiger, 2015) and compulsive ordering
and arranging is one of the symptoms of obsessive-compulsive disorder (OCD; Radomsky &
Rachman, 2004), it is hypothesized that obsessive-compulsive tendencies could be related to an
aesthetic preference for order. Also Radomsky and Rachman (2004) argued that compulsive ordering
and a drive for symmetry in OCD could be seen as extreme instances of a common preference for
order and symmetry®. Obsessions and compulsions are known to occur in non-clinical populations
(Gibbs, 1996). Radomsky and Rachman (2004) showed that the strength of the preference for pictures
of orderly environments above pictures of disorderly environments correlated strongly positive with a

measure of symmetry, ordering, and arranging behavior.

5 Furthermore, they do not expect any differences in ordering and arranging behavior in OCD and OCPD,
although it might have different functions in both disorders (Radomsky & Rachman, 2004).
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In a review of research on OCD in non-clinical populations, Gibbs (1996) reported positive
correlations between obsessive-compulsive symptoms and personality traits as neuroticism,
introversion, and the need for control. Crego et al. (2015) found support for the statement that OCPD
might be seen as a maladaptive variant of conscientiousness.

Individual differences in the perception of order and complexity. Individuals cannot only
differ in how much they aesthetically appreciate a certain level of order, complexity, or the balance
between order and complexity, they can also differ in their perception of order and complexity as such.
This could amongst others be influenced by age, gender, or the definitions of order and complexity
used by the individual.

Age. Chipman and Mendelson (1979) reported that sensitivity for different types of
organization developed at different ages. They concluded that the type of organization present in a
stimulus is important in understanding age-related differences in the perception of complexity. In other
words, because young children do not pay attention yet to all types of organization, their perceived
complexity scores may in some cases be determined more heavily by quantitative variables (rather
than structural variables) than the scores of adults.

Gender. Nadal (2007) found that men and women differed in which aspects of complexity had
the most influence on their perceived complexity ratings, at least for some types of stimuli (not for
abstract decorative stimuli). Complexity scores given by men were best predicted by the number of
elements in the stimuli and the variety of elements in the stimuli. The complexity scores given by
women were best predicted by women’s ratings of the number of elements in the stimuli and the
variety of colours in the stimuli.

Definitions of order and complexity. Oliva et al. (2004) asked participants to hierarchically
group images of real-world indoor scenes based on visual complexity. At each grouping stage
participants had to describe the criteria they used for the categorization. When visual complexity was
defined as related to how difficult it would be to remember the image and to give a verbal description
of the image, participants reported criteria related to the number and variety of elements in the images.
When visual complexity was defined as related to the structure of the scene image, participants gave
more weight to dimensions related to order (i.e., clutter, symmetry, open space, and organization).
Consequently, it could be that different individuals use different standard definitions of order and
complexity, influencing their subjective ratings of the concepts (and possibly aesthetic appreciation).
Investigating the Balance Between Order and Complexity in the Aesthetic Preference for Neatly
Organized Compositions

This project aimed to explore the variability in aesthetic appreciation of neatly organized
compositions and which stimulus properties, person properties, and interactions between stimulus and
person are associated with this variability. By extension, the study can also contribute to knowledge
about human aesthetics and factors influencing human aesthetics in general. The focus was on both

stimulus and person properties hypothesized to relate to (the balance between) order and complexity.
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As discussed above (cf. “Aesthetics involves both stimulus and person”), earlier research indicated
that pronounced individual differences in aesthetic preference can exist. This was also the case for
real-world images when the semantic meaning of the images was de-emphasized (Vessel & Rubin,
2010). In the case of images of neatly organized compositions, the organization brought into these
images could de-emphasize the semantic meaning of the presented objects. Therefore, we
hypothesized that both stimulus and person properties as well as their interaction would be important
in explaining aesthetic appreciation for images of neatly organized compositions.

To be able to take individual differences in aesthetic appreciation into account and to be able
to investigate factors that could explain these differences, this project aimed for a rather large and very
diverse sample of participants (i.e., in age, gender, and level of education). To reach this aim, we
conducted the study online. Furthermore, both a Dutch and an English version of the study were
administered to be able to investigate whether or not the results for the Dutch sample (mainly
participants with the Belgian nationality) could be generalized to a more culturally diverse sample of
English speaking participants®.

Firstly, the project investigates the variability in aesthetic preferences for neatly organized
compositions and how this variability can be explained. Participants’ aesthetic preferences were
measured using a spatial 2AFC method. This means that participants indicated which one of two
simultaneously presented images they preferred (cf. “Behavioral measures of aesthetic appreciation”).
The disadvantage of the relative nature of the choice data collected did not outweigh the advantages of
minimal memory load and easy response method, which is important for an online study. Also in the
literature, this paradigm is described as the optimal task in most respects (Palmer et al., 2013).

As we expected that the principle of balancing order and complexity would be important in
determining aesthetic preferences for neatly organized compositions, we selected stimulus and
individual difference dimensions hypothesized to relate to (the balance between) order and
complexity. These stimulus and person properties could then be related to the preferences for specific
(types of) images. Because this was the first psychological study involving images of neatly organized
compositions, the aim was to study a rather wide range of possibly relevant stimulus and individual
difference dimensions in a rather exploratory fashion.

To explain variability in aesthetic preferences, we look at the relations of aesthetic preference
with subjective order and complexity ratings as well as with objective indicators of complexity and
individual differences in these relations. Additionally, we also investigate how aesthetic preferences
relate to two other measures indicating positive aesthetic value, more specifically how soothing and
fascinating each image was perceived to be, and whether individual differences exist in the relations of

these soothingness and fascination ratings with aesthetic preferences.

5 In a next phase of this project, also the data of a shortened Chinese version of this study will be analyzed to
further investigate any cross-cultural similarities or differences in the aesthetic preferences for images of neatly
organized compositions.
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Secondly, the project will investigate which stimulus and person properties relate to subjective
order and complexity ratings. By checking the relations with different stimulus properties, we could
study which objective measures were most closely related to subjective measures of order and
complexity. By checking individual differences in perceived order and complexity, we could
investigate whether differences in preference are possibly a consequence of difference in perceived
order or complexity of the images.

Thirdly, we will also investigate which stimulus and person properties relate to subjective
judgments of soothingness and fascination of images of neatly organized compositions, as these
different types of positive aesthetic value could interrelate with different levels of balance between
order and complexity.

Exploring differences between stimuli. Although we agree with Berlyne (1960) that it is
important to investigate both form and content (i.e., perceptual and conceptual) dimensions
contributing to aesthetic appreciation, in the study reported below the main focus was on perceptual
stimulus dimensions related to the balance between order and complexity. We focused on perceptual
stimulus aspects as we thought that these perceptual factors would be relatively less influenced by
individual differences that are very peculiar to specific stimuli. Further research could then focus on
conceptual or semantic stimulus aspects involved in the aesthetic appreciation of neatly organized
compositions.

Objective indicators of complexity that were computed were PHOG self-similarity, HOG
complexity, HOG anisotropy, Fourier slope, and fractal dimension (cf. “Statistical image properties as
objective measures of complexity”). These measures were chosen because of practical reasons (i.e., an
acquainted professor could calculate these measures for us). Subjective order and complexity were
measured in a second (optional) part of the study using rating scales from 1 (not at all
ordered/complex) to 7 (extremely ordered/complex). Additionally, the stimulus pair selection for the
2AFC task and the coding scheme for the image pairs used in that task was based on our subjective
judgments of differences in order and complexity on several perceptual stimulus dimensions, which
could be seen as a rough subjective measure of differences in order and complexity. More information
about the stimulus pair selection can be found in Appendix A and B.

In the second (optional) part of the study, we also asked participants to indicate how soothing
and fascinating they experienced each image to be, to examine the function that images of neatly
organized compositions could have for people in everyday life, and to explore which type of positive
evaluation is most related to aesthetic preferences for neatly organized compositions. Do people
appreciate an image more if it is soothing than when it is fascinating? Or do people also differ in their
preferences for more soothing (i.e., probably more related to high order) or more fascinating (i.e.,
probably more related to high complexity) images? In lay interpretations, watching images of neatly
organized compositions is often related to its soothing function. However, not everyone watches these

images in his/her free time and individuals could differ in the reactions these pictures evoke.
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Three short questions at the end of the first part of the study asked about (a) the overall
pleasantness of the images they saw during the study; (b) whether they had seen similar images before;
and (c) if they had seen similar images before, whether they had consciously sought them before.
Participants indicating to have sought similar images before were asked to indicate why they had done
S0.

Exploring differences between individuals. Based on the lay interpretations that exist about
the appreciation of neatly organized images and based on the reviewed literature about individual
differences in aesthetic preferences presented above, we selected a number of individual difference
dimensions related to (the balance between) order and complexity that, in interaction with the
properties of the stimuli, could play a role in the aesthetic preference for certain neatly organized
images. Each of these individual difference dimensions will be discussed below. Then questionnaires
were selected to measure each of these dimensions in an accurate but concise way, to be able to
measure different traits without asking too much time for participants to complete. We focused on
individual differences related to personality, as we had clear hypotheses regarding the impact of these
differences on aesthetic appreciation and because they seemed most relevant in a non-clinical sample
of adult participants.

Big Five personality traits. As the Big Five personality traits are the individual difference
traits most commonly investigated in current aesthetics research (Chamorro-Premuzic, Furnham, &
Reimers, 2007), we included a measure of the Big Five personality traits in the study. Furthermore,
investigating possible associations between very general personality dimensions and aesthetic
preferences seemed a good start for this first study on images of neatly organized compositions. We
selected the Big Five Inventory (BFI; John, Donahue, & Kentle, 1991). As the BFI is freely available,
widely used in online assessment (e.g., Srivastava, John, Gosling, & Potter, 2003), and recommended
for use in cross-cultural settings (Schmitt, Allik, McCrae, & Benet-Martinez, 2007) as well as when a
short Big Five instrument is needed (Denissen, Geenen, van Aken, Gosling, & Potter, 2008), the BFI
was especially suited for this study.

Cognitive structuring. The Personal Need for Structure scale (PNS; Thompson et al., 1989,
1992) was selected because it directly measures one of the constructs of interest in a short and easy-to-
administer way, and because of the previously found associations with a tendency to organize
information in less complex ways (Neuberg & Newsom, 1993). It seemed more closely related to
preferences for order than the broader concept measured by the Need For Closure Scale (Webster &
Kruglanski, 1994). That is, the need for cognitive closure can be fulfilled in other ways besides
increasing structure in the encountered information. An example of an alternative strategy is to avoid
or limit the amount of information that is encountered (Neuberg & Newsom, 1993). Other alternative
individual difference factors that were not included because they seemed very related to the PNS

and/or because they seemed less suited for the purpose of this study were the Intolerance of
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Uncertainty Scale (Freeston, Rhéaume, Letarte, Dugas, & Ladouceur, 1994) and the Ambiguity
Tolerance—20 (Mac Donald, 1970).

Obsessive-compulsive tendencies. By including a measure related to obsessive-compulsive
tendencies, and more specifically related to obsessive-compulsive symmetry, ordering, and arranging
behavior, we aimed to investigate empirically the assumed associations of lay people between the
appreciation of neatly organized compositions and obsessive-compulsive ordering behavior. The
Symmetry, Ordering, and Arranging Questionnaire (SOAQ; Radomsky & Rachman, 2004) was
selected as this questionnaire is focused on the ordering and arranging symptoms related to OCD,
which was the main aspect of interest. Furthermore, the authors of the questionnaire argued that
compulsive ordering and a drive for symmetry in OCD could be seen as extreme instances of a
common preference for order and symmetry (Radomsky & Rachman, 2004; cf. “Individual differences
in the aesthetic appreciation of complexity™).

Research questions and hypotheses. Firstly, the variability in aesthetic preferences for
specific neatly organized compositions is explored. We explore (a) which stimulus aspects relate to
aesthetic preferences; and (b) whether there are individual differences in which stimulus aspects relate
to aesthetic preference.

In general, we expected stimuli with the best balance between order and complexity to be
preferred. This balance can be operationalized in several ways: as a sum, a difference, a multiplication,
or a division. We did not have hypotheses about general preferences for order or complexity.
However, we did expect preferences for order, preferences for complexity, and the optimal point of
balance to be subject to individual differences.

We expected individuals scoring high on Openness to Experience to on average prefer more
complex images and images with a higher level of complexity in comparison to the level of order than
individuals scoring low on Openness to Experience. The same positive relation between complexity
and aesthetic preferences — albeit to a lesser extent — was expected for individuals scoring high on
Extraversion, individuals with a high level of education, and female participants. Additionally, the
individuals scoring high on Openness or Extraversion may on average prefer less ordered images than
low-scoring individuals.

To the contrary, we expected individuals scoring high on the PNS, Conscientiousness or
Neuroticism to prefer less complex images and images with a lower level of complexity in comparison
to the level of order than individuals scoring low on these personality dimensions. Additionally, high-
scoring individuals may on average prefer more ordered images than low-scoring individuals. For
individuals scoring high on the SOAQ, we in the first place expected a preference for more ordered
images and images with a higher level of order in comparison to the level of complexity than scoring
low on this measure. Additionally, high-scoring individuals may on average prefer less complex

images than low-scoring individuals. We did not expect any pronounced influence of Agreeableness
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on individuals’ preferences for order or complexity and did not have any hypotheses about the relation
between age and preferences for order and complexity.

Although we did not have specific hypotheses about individual differences in preference for
the most soothing or fascinating image in the pairs, we expected the ratings of how soothing an image
was perceived to be to relate positively with subjective order and negatively with subjective
complexity. For fascination ratings, we wanted to explore a possible interaction between order and
complexity. More specifically, we expected that only images that are rated high on both order and
complexity may be perceived as highly fascinating. Therefore, the individual differences in preference
for order or complexity could consequently influence individual differences in preference for
soothingness and fascination.

We also expected correlations between the different person properties. More specifically, we
expected a positive correlation between the PNS and the SOAQ, and a negative correlation between
Openness to Experience and both the PNS and the SOAQ. To a lesser extent, we also expected
negative correlations between Extraversion and both PNS and SOAQ), as well as positive correlations
of PNS and SOAQ with Conscientiousness and Neuroticism.

Secondly, the variability in order and complexity ratings is explored. We explore (a) which
stimulus properties are associated with subjective order and complexity of an image; (b) whether
individuals differ in their average ratings of order and complexity (across all images) and which
person properties can explain these overall differences; and (c) whether individuals differ in which
stimulus properties are associated with subjective order and complexity and which person properties
can explain these differences.

We expected subjective ratings for complexity to relate positively with HOG complexity, self-
similarity, fractal dimension, and Fourier slope, and negatively with anisotropy. If any influence of the
person properties would exist, we expected individuals scoring high on the PNS to perceive the images
on average as more complex (and possibly less ordered) than low-scoring individuals. Similar but
probably smaller effects could exist for individuals scoring high on Conscientiousness and
Neuroticism. Reversed effects could exist for individuals scoring high on Openness to Experience and
Extraversion. Additionally, we expected individuals scoring high on the SOAQ to perceive the images
as less ordered (and possibly more complex) than individuals with low SOAQ scores. However, as
there is very little research about individual differences in perceived order or complexity, these
hypotheses should be viewed with the necessary caution. We did not expect influences of gender, age,
or level of education on the ratings of order and complexity. If an effect of these variables would exist,
we would expect that highly-educated and female individuals would perceive the images as less
complex than individuals with a lower level of education and male individuals respectively.

Although not central to our research questions, we did expect to find correlations between the
different statistical image properties similar to those found earlier studies for different types of stimuli

(e.g., Braun et al., 2013). More concretely, we expected a strong positive correlation between HOG
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complexity and fractal dimension, and possibly positive correlations between HOG complexity, fractal
dimension, self-similarity, and Fourier slope. Anisotropy could relate negatively to the other statistical
measures. However, the correlations could be different from previously reported ones because we are
using a different type of images.

Thirdly, the variability in soothingness and fascination ratings is explored. We explore (a)
which stimulus properties are associated with how soothing or fascinating an image is perceived to be;
(b) whether individuals differ in their average soothingness and fascination ratings (across all images)
and which person properties can explain these overall differences; and (c) whether individuals differ in
which stimulus properties are associated with how soothing or fascinating an image is perceived to be
and which person properties can explain these differences.

As mentioned earlier in this section, we expected the ratings of how soothing an image was
perceived to be to relate positively with subjective order and negatively with subjective complexity.
For fascination ratings, we wanted to explore a possible interaction between order and complexity.
More specifically, we expected that only images that are rated high on both order and complexity may
be perceived as highly fascinating. We did not have any specific hypotheses about the relation of
soothingness and fascination with objective measures of complexity. However, as the stimulus
properties would show the expected relations with ratings of order and complexity, they could
consequently also be related to soothingness and fascination ratings.

We did not have specific hypotheses about the relations between soothingness and fascination
and different person properties, but if the person properties would show the expected relations with
subjective order and complexity, and subjective order and complexity ratings would relate to ratings of
soothingness and fascination, relations between person properties and the ratings of soothingness and
fascination would follow as a consequence.

Methods
Participants

Anyone with an age between 16 and 100 years old and able to understand Dutch or English
instructions could participate. There were no restrictions regarding nationality or mother tongue.
Participants were recruited via personal contacts of the researchers, social media, and offline
advertisements in public places and university buildings. Participation was completely voluntarily: No
monetary reward was offered for participation.

The first part of the study was completed by 421 participants between the ages of 16 and 77
years (274 women, 147 men, Mage = 39.8 years, SDage = 15.8 years)’. In the analyses, the data of 415
participants between the ages of 16 and 77 were used (273 women, 142 men, Mage = 39.7 years, SDage

= 15.8 years), of which 359 completed the Dutch and 56 the English version of the study. The answers

" In total, the first part of the study was started 486 times. Sixty-five participations to the first part were not
completed.
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of 5 participants were removed because their preference data showed increasingly less variability in
choosing the left versus the right image to the end of the 2AFC task. The answers of one additional
participant were removed because the preference data showed no variability (i.e., the participant
always indicated the right image). Of the 421 participants to the first part, 84 participants between the
ages of 20 and 75 years completed the second (optional) part of the study (56 women, 28 men, Mage =
43.4 years, SDqge = 16.7 years)®. Only 8 participants to the second part completed the English version,
whereas 76 completed the Dutch version. Further details on the demographic characteristics of the
sample are shown in Supplementary Tables S1 and S2 in Appendix C. The study received ethical
approval from the Social and Societal Ethics Committee of KU Leuven (dossier no. G-2016 04 547).
Materials

Image data. For the purpose of this study, 100 image pairs involving 184 different images—
16 images were included twice—were selected. The attention to ecological validity and the wish to
explore several dimensions possibly involved in the preferences for these images made it hard to
obtain an equal number of image pairs for each stimulus dimension involved. Therefore, it was chosen
to refrain from an equal number of pairs per dimension. In a first stage, images involving neatly
organized compositions were collected from online sources (blogs, websites, etc.), constituting an
extensive database including more than 1,000 images. Secondly, a selection was made from this
database: As explained earlier (cf. ‘Examining factors related to order and complexity’), images
containing important aspects of order and complexity on a more conceptual level and only few
perceptual aspects of order or complexity were not included. Thirdly, from the remaining images, it
was attempted to construct pairs that only differed in order and/or complexity on one or two of the
dimensions included in the study (i.e., color, texture, configuration, number of objects, type of objects,
and perspective), while order and complexity on other dimensions (both those included in the study
and others that were not included, e.g., background) were kept as constant as possible (for more
information on the stimulus pair selection and the perceptual stimulus dimensions included, see
Appendix A). As this study tried to find a balance between ecological validity and experimental
control, only existing images were used, but they were sometimes slightly adapted to better fit the
purpose of the study (i.e., to make the images within a pair more comparable on dimensions that were
not meant to differ within that image pair). These adaptations included using only a subsection of the
existing image, extrapolating it by copying a row, or trimming the borders of the image. Image pairs
were constructed to differ in order and/or complexity on one of the following stimulus dimensions:
color (25 pairs), texture (39 pairs), configuration (10 pairs), number of objects (10 pairs), perspective
(3 pairs), and type of objects (i.e. same or different; 2 pairs). Examples of these pair types can be

found in the Figures A1-A5 in Appendix A. Within these pair types, not all pairs tested the same

8 In total, the second part of the study was started 123 times. Thirty-nine participations to the second part were
not completed.
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difference. For example, in the color pairs, a distinction can be made between pairs testing low versus
medium color complexity and pairs testing medium versus high color complexity (see Figures Al.a
and Al.b for an example). Eleven pairs were hypothesized to include important differences on two
dimensions. Factor combinations included were: color and configuration (2 pairs); color and type (1
pair); color and texture (5 pairs); and texture and number of objects (3 pairs). Example stimulus pairs
of these factor combinations can be found in Figure A5 in Appendix A. A classification of the image
pairs was made, indicating for each image pair on which dimensions the images differed in order
and/or complexity, and indicating which image was supposed to be more complex and/or less ordered
(see Appendix B). It must be noted that most of the stimulus pairs included in the study were assumed
to vary in complexity or in both complexity and order rather than in order only. However, the average
order and complexity ratings for the images (of which the collection will be discussed later in this
Method section) can give an indication of differences between the images in perceived order (although
those ratings were general and thus not for each stimulus dimension separately).

Big Five Inventory. The Big Five Inventory (BFI; John et al., 1991) is a short self-report
instrument (44 items) to measure the Big Five dimensions of personality (i.e., Extraversion,
Neuroticism, Conscientiousness, Agreeableness, and Openness to Experience; McCrae & John, 1992)
when no further differentiation between individual facets is needed (John, Naumann, & Soto, 2008).
This measure uses short phrases instead of single adjectives as it was found that such items are
answered more consistently when they are accompanied by definitions or elaborations (Goldberg &
Kilkowski, 1985). Each BFI scale includes between eight and ten items and participants have to
indicate their agreement with each statement using a Likert scale ranging from 1 (strongly disagree) to
5 (strongly agree). In U.S. and Canadian samples, the English version of the BFI scales showed
substantial convergent and divergent validity with other Big Five measures as well as with peer
ratings. Reliability of the scales ranged from .75 to .90 (John et al., 2008). Also the Dutch version of
the BFI (created and validated by Denissen et al., 2008) showed good psychometric properties. It was
found to be factorially equivalent to the English original and the relative independence and internal
consistency of the scales was preserved®.

Personal Need for Structure scale. The Personal Need for Structure scale (PNS; Thompson
et al., 2001) is a self-report measure of 12 items created to measure several aspects of the desire for
simple structure. It is commonly calculated using a single factor that captures participants’ overall
tendency to prefer simple structure (Thompson et al., 2001), but other authors suggest to use a two-
factor interpretation in which item 5 (“I enjoy being spontaneous.”) is excluded and the scale captures
both the Desire for Structure (DFS) and the Response to Lack of Structure (RLS; Cavazos, Judice-

9 As in Denissen et al. (2008), a principal components analysis with varimax rotation of the 44 BFI items was
conducted on the data of participants to the Dutch version of the current study (N = 359). The analysis yielded
similar results to those of Denissen et al. (2008). The five factor solution explained 44% of the variance, with
absolute primary loadings ranging from .34 to .77. However, some absolute cross-loadings went up to .50.
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Campbell, & Ditzfeld, 2012; Neuberg & Newsom, 1993). Although those two subscales are found to
correlate quite highly (rs = .54-.75; Neuberg & Newsom, 1993), it might be worth to look at the
subscale scores as well, as differential relations were found between the subscales and dimensions of
the Big Five (Neuberg & Newsom, 1993). Participants were asked to respond using a 6-point rating
scale ranging from 1 (strongly disagree) to 6 (strongly agree).

Several versions of the PNS scale with slightly different item wordings and item orders
circulate. The version that was used in this study is the version presented by Thompson et al. (1989),
because the Dutch translation that was used (Het Nieuwe TeamWerken, 2015) was based on this
version of the scale. Although no validation information was available about the Dutch translation of
the PNS scale, the English version was found to have sufficient reliability and convergent and
discriminant validity (Neuberg & Newsom, 1993; Thompson et al., 2001)*°.

Symmetry, Ordering, and Arranging Questionnaire. The Symmetry, Ordering, and
Arranging Questionnaire (SOAQ; Radomsky & Rachman, 2004) is a self-report measure developed to
assess beliefs and behavior associated with compulsive ordering and arranging, features of obsessive-
compulsive disorder (OCD). Participants are asked to rate how strongly they agree with each
statement on a 5-point scale ranging from 0 (not at all) to 4 (extremely). The authors suggest that
compulsive ordering and a drive for symmetry are extreme manifestations of the common preference
for order and symmetry (Radomsky & Rachman, 2004). Based on a sample of undergraduate students,
the English SOAQ has a very good inter-item and test-retest reliability as well as very good
convergent and divergent validity (Radomsky & Rachman, 2004). As the SOAQ was translated to
Dutch for the purpose of this study, no validation information for the Dutch version was available.

Image questionnaire. Three additional questions were asked to participants regarding their
earlier experiences with the type of images involved in this study, as well as regarding their liking of
the presented images. More specifically, participants were asked about the pleasantness of looking at
the images (i.e., “How pleasant did you find the images to look at in general?””). They could answer on
a scale ranging from 1 (not at all pleasant) to 7 (very pleasant). Secondly, participants were asked to
indicate their previous experience with this type of images (i.e., “Did you see similar images before?”)

on a scale ranging from O (never) to 4 (very often). If they indicated to have seen similar images

10 Two principal components analyses with varimax rotation of the 12 PNS items were conducted on the data of
participants to the Dutch version of the current study (N = 359), one exploring a one-factor solution and one
exploring a two-factor solution. The one-factor solution explained 38% of the variance, with loadings ranging
from .40 to .77. As one item (i.e., “I enjoy being spontaneous”) showed a somewhat lower loading (i.e., .40) on
the common factor than the other items (i.e., ranging from .51 to .77), and this item was sometimes dropped from
the scale in earlier studies (e.g., Neuberg & Newsom, 1993), we decided to remove this item from the scale in
this study as well. The two-factor solution did not resemble the two factors of Neuberg and Newsom (1993).
Therefore, in the analyses using the PNS, the one-factor solution including 11 items was used.

1L A principal components analysis with varimax rotation of the 20 SOAQ items was conducted on the data of
participants to the Dutch version (N = 359) to test the one-factor solution. The one-factor solution explained 57%
of the variance, with loadings ranging from .60 to .84.
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before, they were additionally asked to indicate whether they had already consciously sought for
similar images (i.e., “If so, did you already consciously search for similar images?”’) on the same scale
ranging from 0 (never) to 4 (very often). When participants indicated that they had already sought for
similar images, they were asked to describe why they had done so (i.e., “If so, why?”).

Procedure

Data were collected online from May 2016 until January 2017. When participants visited the
webpage of the questionnaire, they were provided with a short description of the study and were asked
for their informed consent. If participants agreed to participate, they were asked to log in based on the
provision of an e-mail address, to complete some basic demographic information (i.e., gender, age,
mother tongue, and highest education level), and to complete the Big Five Inventory (BFI, 44 items).

Then, a 2AFC image task was conducted, in which participants had to indicate which of two
simultaneously shown stimuli (i.e., images) they preferred. Participants were presented with 100
image pairs and were asked each time to click on the image they preferred. The image pairs were
presented in a semi-random order. It was made sure that image pairs including images that were used
in more than one pair were not shown immediately after each other. Additionally, the position (i.e.,
left or right) of the images hypothesized to be the most complex was counterbalanced between
participants. When a participant had indicated his or her preference for one of the images, the test
automatically continued to the next pair.

Afterwards, participants completed the Personal Need for Structure scale (PNS, 12 items) and
the Symmetry, Ordering, and Arranging Questionnaire (SOAQ, 20 items), as well as the short
questionnaire about their previous experience with and aesthetic appreciation of the type of images
that were shown. After completing the questionnaires, participants were provided with a short
debriefing text and had the possibility to indicate if they wanted to participate in an additional task at a
later moment and if they wanted to be informed about the results of the study. This first part of the
study was expected to take approximately half an hour*2,

If participants indicated that they were willing to participate in an additional task at a later
moment, an automatically generated e-mail was sent to invite them for participation. As this optional
task was expected to take quite a long time and to be quite exhausting, participants were asked in this
e-mail to take enough time for participation and to not lose concentration if they decided to participate.
When participants visited the webpage of this additional task, they were asked for an additional
informed consent, logged in with the same e-mail address they had provided in the first part of the
study, and were shown six example images (not part of the test images; see Figure 1) to remind them
of the type of images they would see. The latter was done to remind participants of the variety of the

images in the set, and to diminish context and order effects on the ratings (cf. “Behavioral measures of

2 In reality, the mean completion time for the first part of the study was 24 minutes and 4 seconds. The median
completion time was 16 minutes and 47 seconds.
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aesthetic appreciation”). Then, the same images as those in the 2AFC image task were presented (184
images) in a randomized order. This time, participants were asked to rate each image separately on
four characteristics (i.e. ordered, complex, soothing, and fascinating) using a 7-point scale ranging
from 1 (not at all) to 7 (extremely). The order of the four characteristics was randomized over
participants but stayed constant for each individual participant. This additional task was expected to
take approximately 45 minutes, but participation durations showed that this might have been an
underestimation of the mean time needed to complete the task®®. After rating all 184 images, a short
debriefing text was presented and participants were thanked for their participation. Additionally,
participants could indicate if they wanted to be informed about the results of the study and if they were
willing to participate in further research concerning the topic.

Image Calculations

For each of the 184 images used in the study, five statistical image properties were calculated:
self-similarity, complexity, anisotropy, Fourier slope, and fractal dimension. The objective measures
of self-similarity, complexity, and anisotropy were calculated using the Pyramid of Histograms of
Orientation Gradients (PHOG) method (Bosch, Tisserman, & Munoz, 2007). The PHOG method
involves three steps to obtain a gradient image for a color image. First, the original color image is
divided into three different channels: a luminance channel, a red-green opponent channel, and a blue-
yellow opponent channel. Second, the gradient image is calculated for each of the three channels. This
gradient image indicates for each pixel the magnitude of change in that channel (for a given direction).
Third, the maximum value for each pixel is selected from the three gradient images. The image
resulting from the selected maximum value per pixel is called the gradient image (for a more elaborate
description, see Appendix A from Braun et al., 2013). To calculate the PHOG-based measures, all
images were rescaled to 100,000 pixels total size to make the values obtained comparable between
images.

After calculating the gradient image, the Histograms of Oriented Gradient (HOG) features of
this gradient image are computed (Dalal & Triggs, 2005). Starting from the gradient image, the
orientations of the gradients are divided into a specified number of bins (in which the value for the
number of bins and the range of orientations used in the calculation are arbitrary). In the calculations
for this project, 16 bins covering 360 degrees of orientations were used. The strength of all gradients is
then calculated for each bin of orientations. Finally, the histogram values are normalized, to make sure
that the strength values for all bins of orientations sum to one. These calculated histogram values are

then used to compute the measures of self-similarity, complexity, and anisotropy (as described below).

13 In reality, the mean completion time for the second part of the study was 1 hour, 20 minutes, and 3 seconds.
The median completion time was 57 minutes and 52 seconds. It has to be noted that some participants took long
breaks, which influenced completion times.
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For the Fourier analysis, the images were rescaled to 512 x 512 pixels (after padding with gray values
to obtain square images). The range of frequencies analyzed was 5-256 cycles per image to avoid
artifacts at the extremes of the spectrum.

PHOG self-similarity. The calculation of the self-similarity measure involves four steps.
First, the HOG feature for the entire gradient image (level 0) is calculated. Second, the image is
divided in four equal parts and HOG features for each part are calculated separately (level 1). Third,
each part described in the second step is again divided in four equal parts and HOG features for each
of the 16 parts are calculated separately (level 2). Fourth, each part described in the third step is again
divided in four equal parts and HOG features are calculated separately for each of the 64 parts of the
image (level 3). The PHOG representation of an image includes all the calculated levels (in this case,
level 0-3). The Histogram Intersection Kernel (HIK; Barla, Franceschi, Odone, & Verri, 2002) is used
to determine how similar two HOG features are. In this project, the ground approach was used to
calculate self-similarity: the self-similarity for an image at any level was calculated by taking the
median value of similarity between the HOG features for the subsections at a certain level and the
HOG feature at the ground level (level 0). For the final self-similarity value, the self-similarity values
computed for levels 1-3 were averaged, with the same weight given to each level. A high value for
PHOG self-similarity indicates that the parts of the image are very similar to the image as a whole
(Lyssenko et al., 2016).

HOG complexity. Objective complexity using the HOG method is calculated by taking the
mean of all gradient strengths in the gradient image. An image has high HOG-based complexity when
there are large changes in luminance or color in the image, whereas an image has low HOG-based
complexity when there are only small changes in luminance or color in the image.

HOG anisotropy. Anisotropy is calculated by taking the standard deviation over the HOG
feature values (gradient strengths) for the image at the last level (in this case level 3). A high value for
HOG anisotropy indicates that the magnitude of the changes in luminance or color is higher for some
orientations than for other orientations in the image, whereas a low value indicates that the magnitude
of the changes in luminance or color is similar across orientations.

Fourier slope. Fourier slope, or more specifically the slope of log-log plots of radially
averaged Fourier power spectrum, was calculated as described in Redies, Hanisch, Blickhan, and
Denzler (2007). As indicated earlier (cf. “Statistical image properties as objective measures of
complexity”), in images with a Fourier slope higher than -2 the high spatial frequencies (representing
fine detail) are relatively more prominent than the low spatial frequencies (representing coarse detail),
images with a slope of -2 have scale-invariant properties, and in images with a slope lower than -2 the
low spatial frequencies are relatively more prominent. Also the Fourier sigma was calculated for each
image (for the calculation procedure, see Redies, Hanisch, et al., 2007). The Fourier sigma indicates

how good the fit of the Fourier slope is and how useful it is to determine the Fourier slope of the plot.
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Fractal dimension. Fractal dimension was computed with the box-counting method, as
described in Braun et al. (2013). When using the box-counting method (see also Hagerhall et al.,
2004), the image is divided in squares or boxes of equal size. Then the proportion of squares occupied
by the pattern is calculated as well as the proportion of squares that is empty. The process is repeated
for squares of increasingly small sizes.

Data Analysis

Reasons for data exclusion were (a) not having completed the part of the study in question; (b)
showing increasingly less variability in choosing the left versus the right image to the end of the 2AFC
task; and (c) showing no variability at all in choosing the left versus the right image in the 2AFC task
(i.e., one participant always indicated the right image).

As the a priori coding of the image pairs (i.e., attempted to code the more complex image in
the pair as ID1, the less complex image as ID0) was rather arbitrarily defined, we created new coding
schemes based on the empirical data. More specifically, a preference coding (ID1 is preferred over
IDO by most participants), an order coding (ID1 is on average perceived as less ordered than ID0), a
complexity coding (ID1 is on average perceived as more complex than ID0), a soothingness (ID1 is on
average perceived as more soothing than 1D0), and a fascination coding (ID1 is on average perceived
as more fascinating than 1D0) were determined.

For the ratings of order, complexity, soothingness, and fascination, average scores per image
(N =184) and per participant (N = 84) were calculated. For the average ratings per image, first the
standardized score for each image was calculated per participant per rating scale, to eliminate biases in
the use of the rating scale. Then, the average rating per image per rating scale (across participants) was
calculated. Finally, these average ratings were again standardized. Also the statistical image properties
were standardized. To calculate the average ratings per participant, the ratings were not first
standardized per participant, as we were also interested in explaining different uses of the scale (e.g.,
higher scores on average could indicate that a person experiences the images overall as more ordered,
complex, soothing, or fascinating). We did, however, standardize the scores on the individual
difference variables to avoid problems related to collinearity of the predictors.

To explore the variability in aesthetic preferences for neatly organized compositions, we
calculated the proportion of participants that preferred a specific image in each of the image pairs
using all these different codings. We also calculated the proportion of image pairs in which each
participant preferred the more ordered, complex, soothing, or fascinating image in the pairs.

To explore the structure in the preferences for certain images based on both image pair and
person characteristics simultaneously, the Hierarchical Classes Approach (De Boeck, Rosenberg, &
Van Mechelen, 1993; Rosenberg, Van Mechelen, & De Boeck, 1996) was used. With this technique,
participants were clustered in classes of participants based on their aesthetic preferences. Also the
image pairs were clustered in classes based on the overlap in participants preferring the same image in

those pairs. Furthermore, the analysis results in a hierarchy of item pairs and participant classes, in
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which item pairs or participants who have more 1-scores are presented higher in the structure.
Subsequently, the goal was to explore whether and how the structure of the image pairs and
participants could be related to the different stimulus dimensions and individual differences
hypothesized to play a role in the preferences for certain images.

To explore which stimulus aspects are associated with aesthetic preference, we calculated the
mean scores for the order and complexity measures for on average preferred and on average non-
preferred images separately. Furthermore, we calculated Pearson product-moment correlations
between the different image pair measures and proportions of preference for the on average preferred
image in the pairs. We also looked into the number of pairs in which the most ordered, complex,
soothing, or fascinating image was significantly preferred above the other image in the pair.

To explore individual differences in preference for order, complexity, soothingness, or
fascination, Pearson correlation coefficients between the different preferences and the measured
person properties were calculated. Afterwards, multiple linear regression analyses were conducted to
investigate which person properties could significantly predict the individual differences in preference.

To explore the variability in order and complexity ratings between images, we computed
Pearson correlation coefficients between the average order and complexity ratings per image and the
other image measures available. Additionally, multiple regression analyses were conducted to look
into which image measures could best predict the average ratings for order and complexity. The same
procedure was followed for exploring variability in soothingness and fascination ratings between
images.

To explore the variability in order and complexity ratings between individuals, we computed
Pearson correlation coefficients between the average order and complexity ratings per individual and
the other individual difference measures available. When multiple significant correlations were found,
multiple regression analyses were conducted to look into which individual difference measures could
best predict the average ratings for order and complexity. The same procedure was followed for
exploring variability in soothingness and fascination ratings between individuals.

Except for the hierarchical classes analysis, all data processing and analyses were conducted
using the statistical program R (R Core Team, 2017).

Results

After describing the overall pleasantness of and participants’ previous experience with the
images, we first discuss the variability in aesthetic preferences for neatly organized compositions,
which stimulus properties are associated with aesthetic preferences in general, and which person
properties interact with these stimulus properties to predict individual differences in aesthetic
appreciation. Secondly, we look into the variability in judgments of order and complexity, and
stimulus and person properties predicting average and individual judgments of order and complexity.
Thirdly, the variability in ratings of soothingness and fascination is explored, as well as stimulus and

person properties predicting average as well as individual ratings of soothingness and fascination.
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Overall Pleasantness of and Experience with Neatly Organized Compositions

Overall, most participants perceived the images as pleasant to look at (see Figure 3). Most
participants did not regularly see similar images before (see Figure 4A). Of the participants who had
seen similar images before, almost no participants indicated to search for this type of images regularly

(see Figure 4B).

How pleasant did you find the images to look at in general?
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Figure 3. Distribution of the overall pleasantness score participants gave to the images.

Did you see similar images before? If so, did you already consciously search for similar images?
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Figure 4. Distribution of how often participants saw (A) and searched for (B) similar images before.
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Aesthetic Preferences for Neatly Organized Compositions

Amount of variability between image pairs. The amount of variability in the proportion of
participants that preferred a certain image in the pairs is dependent on the coding of the image pairs
that is used (cf. “Data Analysis™). As expected, image pairs differed in the amount of individual
variation in preference that was present: Proportions for the preferred image varied between 0.50 and
0.81 (M =.6092, SD = .0724). As all preference proportions differed from 0 or 1, there were individual
differences in aesthetic preferences: Individuals differed in which image within the pair they preferred.
However, in 60 of the 100 image pairs tested, one of the images was preferred significantly more often
than would be expected by chance (proportions between 0.59 and 0.81), based on exact binomial tests,
p < .001 (two-tailed). This indicates that also some general preferences exist for certain images within
the pairs for a large part of the pairs. The histograms of the proportion of participants that preferred the
most ordered, most complex, most soothing, most fascinating, and (on average) most preferred image
in the pairs are included as Supplementary Figure S1 in Appendix D.

Amount of variability between individuals. Also the variability between individuals is
dependent on the image pair coding used (cf. “Data Analysis™). Preferences for the most ordered
image in the pair varied between individuals, with preference proportions ranging from .32 to .74 (M =
5279, SD = .0740). Preferences for the most complex image in the pair ranged from .22 to .74 (M =
5045, SD =.0981). Preferences for the most soothing and the most fascinating image in the pair
ranged from .36 to .74 (M = .5506, SD = .0657) and from .38 to .77 (M = .5767, SD =.0772)
respectively. Preferences for the image in the pair that was preferred by most participants ranged from
44 to0 .77 (M = .6092, SD = .0669). The histograms of the proportion of image pairs in which the most
ordered, complex, soothing, fascinating, or the on average preferred image was preferred across
participants are included as Supplementary Figure S2 in Appendix D.

Effect of image position. Averaged over all image pairs, which image within each pair was
positioned left or right (i.e., id0 or id1) had no influence on the proportion of preference for that
image, based on a two-sample test for equality of proportions, y? (1) = 2.45, p = .12.

Clustering of participants and image pairs based on aesthetic preferences. We performed
a disjunctive hierarchical classes analyses using the HICLAS software (Version 0.9 beta; Ceulemans
& Meers, 2005) on the preference data to identify clusters of participants and image pairs. The data
consisted of a 415 participants x 100 image pairs matrix. The entries in the analyzed matrix were the
aesthetic preferences for each participant per image pair. The analysis was repeated for different
codings: (a) 1 indicating that the most ordered image was chosen; (b) 1 indicating that the least
ordered image was chosen; (c) 1 indicating that the most complex image was chosen; and (d) 1
indicating that the least complex image was chosen. For each of these recoded data matrices, HICLAS

solutions including 1-5 bundles were obtained.
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However, as the goodness-of-fit values for all the fitted models were rather low (below .56),
and the proportion of discrepancies between the models and the data were rather high (above .31), we
decided to not report the HICLAS solutions and subseguent analyses based on these solutions.

As the analyses based on the HICLAS solutions could not be conducted in the planned way,
the preference data and its relation to person and image pair properties were explored in other ways.

Relations between aesthetic preferences per image pair and image pair measures.
Regardless of the size of the difference, in 78 of the 100 image pairs the most fascinating image was
chosen. In 68 cases the most soothing image was chosen, in 60 cases the most ordered image, and in
54 cases the most complex image in the pair.

For the 60 image pairs where there was a clear preference for one of the pairs, in 49 cases this
was the most fascinating image, in 47 cases the most soothing, in 38 cases the most ordered image,
and in 31 cases the most complex image.

Differences between on average preferred and non-preferred images. Paired samples t-tests
were conducted to explore whether the images that were significantly preferred differed from the non-
preferred images in one or more of the image measures. Across the 60 image pairs in which there was
a significant preference for one of the images in the pair, the preferred images were on average slightly
more ordered (M = 0.2634, SD = 0.9206) than the non-preferred images (M = — 0.1546, SD = 1.0852),
t(59) = - 2.9463, p = .005. There was also a significant difference in soothingness, t(59) = - 6.2209, p
<.0001, and fascination, t(59) = — 7.1088, p <.0001, between the preferred and non-preferred images.
The preferred images were on average more soothing (M = 0.3325, SD = 1.0407) and more fascinating
(M =0.2664, SD = 1.0158) than the non-preferred images (M = - 0.1524, SD = 0.9205 and M = -
0.2562, SD = 0.9011, respectively). The standardized Fourier slope of preferred images (M = 0.13516,
SD = 0.8471) was significantly higher than the standardized Fourier slope of non-preferred images (M
=-0.2258, SD = 0.8918), t(59) = — 2.8324, p = .006. The differences in subjective complexity, self-
similarity, HOG complexity, anisotropy, and fractal dimension between the preferred and non-
preferred images were not significant at the o = .01-level, although the differences in self-similarity,
anisotropy, and fractal dimension approached significance (ps < .05). We also explored whether
preferred and non-preferred pairs differed in their balance between order and complexity (different
operationalizations of the balance were explored: as a sum, a difference, a multiplication, or a
division). The only significant difference was when standardized order and complexity were added: on
average, the sum of order and complexity for preferred images (M = 0.1770, SD = 1.2955) was higher
than for non-preferred images (M = - 0.2806, SD = 1.2955), t(59) = — 3.2647, p = .002. However, as
the estimated difference in balance was lower than the estimated difference in order itself, this finding
does not really speak in favor of a balance but rather shows the significant difference in the order
score. Also, all the estimated differences of the reported t-tests were smaller than 0.52 of a standard
deviation absolute difference in the standardized image measures, indicating that on average there

were only very slight differences.
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Magnitude of the difference between on average preferred and non-preferred images. When
a preference coding was used (i.e., the image in each pair that is preferred by most participants is
coded as id1), the proportion of preference for the image that was preferred by most participants
correlated positively with the difference score in soothingness between the images in the pairs (r = .34,
p =.0006). The bigger the standardized average soothingness rating for an image in comparison to the
soothingness rating for the other image in the pair, the more participants preferred the most soothing
image in the pair (see Supplementary Figure S3.a in Appendix D). The correlation between the
preference proportion for the image that was preferred most often in a pair also correlated rather
positively with the difference in fascination ratings between the images (r = .26, p =.0089). The
bigger the standardized average fascination rating for an image in comparison to the rating for the
other image in the pair, the more participants preferred the most fascinating image in the pair (see
Supplementary Figure S3.b in Appendix D). No other correlations between the preference proportion
for the most preferred image and the image pair measures were significant (neither for the objective
statistical image properties, nor for the calculated measures of subjective balance between order and
complexity). All correlations of the different image pair measures with the proportion of preference for
the on average preferred image are reported in Supplementary Figure S4 in Appendix D.

Preferences in pairs with differences in order, complexity, the combination of order and
complexity, soothingness, and fascination. Of the 55 pairs in which there was a difference in
standardized perceived order of more than half of a standard deviation between the images in the pair,
in 67.27% of the cases (i.e., 37 times) the most ordered image in the pair was preferred. In 24 of the 55
pairs the most ordered image was significantly preferred (p <.001) above the less ordered one. In 12
of the 55 pairs the least ordered image was significantly preferred (p <.001) above the most ordered
one.

Of the 38 pairs in which there was a difference in standardized perceived complexity of more
than half of a standard deviation between the images in the pair, in half of the cases (i.e., 19 times) the
most complex image in the pair was preferred. In 11 of the 38 pairs the most complex image was
significantly preferred, in 11 of the 38 pairs the least complex image was significantly preferred.

Of the 61 pairs in which there was a difference in the sum of standardized perceived order and
complexity of more than half of a standard deviation between the images in the pair, in 68.85% of the
cases (i.e., 42 times) the image in the pair with the highest order plus complexity score was preferred.
In 26 of the 61 pairs the image with the highest combined score was significantly preferred (p < .001)
above the image with the lower combined score. In 10 of the 61 pairs the image with the lowest
combined score was significantly preferred (p < .001) above the image with the higher combined
score.

Of the 48 pairs in which there was a difference in standardized perceived soothingness of more
than half of a standard deviation between the images in the pair, in 77.08% of the cases (i.e., 37 times)

the most soothing image was preferred. In 28 of the 48 pairs the most soothing image was significantly
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preferred above the less soothing one. In 1 of the 48 pairs the least soothing image was significantly
preferred above the more ordered one. In this pair the least soothing image was slightly more
fascinating than the most soothing image (0.34 of a standard deviation).

Of the 45 pairs in which there was a difference in standardized perceived fascination of more
than half of a standard deviation between the images in the pair, in 84.44% of the cases (i.e., 38 times)
the most fascinating image was preferred. In 29 of the 45 pairs the most fascinating image was
significantly preferred above the less fascinating one. In 2 of the 45 pairs the least fascinating image
was significantly preferred above the more fascinating one. In both of these pairs the least fascinating
image was more than half of a standard deviation more soothing than the most fascinating image.

Of the 13 pairs in which none of these differences in order, complexity, the combination of
order and complexity, soothingness, or fascination was higher than half of a standard deviation
between the images in the pair, 8 pairs showed a significant difference in preference between the
images in the pair.

Relations between preferences for order and complexity per individual and person
properties. An individual’s preference for the most ordered image in the pairs correlated positively
with the individual’s Personal Need for Structure (Pearson product-moment correlation coefficient r =
.29, p <.0001) and with the individual’s SOAQ score (r =.29, p <.0001). The higher an individual’s
scores on the PNS and the SOAQ), the more often the individual chose the most ordered image in the
image pairs. Additionally, scoring high on Openness to Experience was related rather negatively with
a preference for the most ordered image in the pairs (r = -.16, p =.0012). The correlations between a
preference for order and the other Big Five personality traits (i.e., Conscientiousness, Extraversion,
Agreeableness, and Neuroticism) as well as age were non-significant at the « = .01-level.

A preference for the most complex image in the pairs correlated negatively with an
individual’s PNS (r = -.20, p <.0001) and with the individual’s SOAQ score (r = -.30, p <.0001).
The higher an individual’s scores on the PNS and the SOAQ), the less often the individual chose the
most complex image in the pairs. Additionally, a preference for the most complex image in the pairs
was related positively with Openness to Experience (r = .21, p <.0001) and negatively with
Conscientiousness (r = —.13, p =.0073). The correlations between a preference for complexity and the
other Big Five personality traits (i.e., Extraversion, Agreeableness, and Neuroticism) were non-
significant at the o = .01-level. Age correlated negatively with a preference for complexity (r =-.21, p
<.0001).

An overview of all correlations can be found in Figure 5. In this correlation table, also the
relations between the individual difference variables are shown. As expected, individual scores on the
PNS correlated positively with the individual SOAQ scores (r = .44, p <.0001) and rather negatively
with Openness to Experience (r = -.31, p <.0001). However, the correlation between SOAQ scores
and Openness to Experience was only marginally significant (r =-.12, p =.0143). Conscientiousness
showed a slight positive correlation with both PNS (r = .20, p <.0001) and SOAQ scores (r = .23, p <
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.0001). Extraversion (r =-.17, p =.0005) and Neuroticism (r = .25, p <.0001) only showed
correlations with PNS scores, not with SOAQ scores (r =.09, p =.0823 and r = .03, p = .5372 for

Extraversion and Neuroticism respectively).
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Figure 5. Correlations between the different participant measures (N = 415). Correlation plot
generated with the R package corrplot (Wei & Simko, 2016), network visualization of the correlations
generated with the R package ggraph (Epskamp, Cramer, Waldorp, Schmittmann, & Borsboom,
2012).

Note. OPr = preference for ordered images, CPr = preference for complex images, SPr = preference
for soothing images, FPr = preference for fascinating images, O = Openness to Experience, C =
Conscientiousness, E = Extraversion, A = Agreeableness, N = Neuroticism, PNS = Personal Need for

Structure, SOAQ = Symmetry, Ordering, and Arranging Questionnaire.

Predicting individual preferences for order and complexity based on person properties:
personality and age. We conducted several single and multiple linear regression analyses to explore
the predictive value of several person properties and age for the individual proportions of preference
for the most ordered image or the most complex image in the pairs.

For predicting individual preference for the most ordered image, the final model included the
mean PNS score as a significant predictor (8 = .02, p <.0001). This predictor explained 7.98% of the
variance in preference for order, Adj. R2 =.0798, F(1,413) = 36.92, p <.0001. The higher the
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individual scored on the PNS, the more often this individual preferred the most ordered image in the
pairs.

For predicting individual preference for the most complex image, the final model included the
SOAQ sum score (5 = —-.024, p <.0001, partial Rz = .0656), Openness to Experience (4 =.019, p <
.0001, partial R? =.0405), and age (5 = -.018, p <.0001, partial R? = .0388) as significant predictors.
Together, these predictors explained 14.74% of the variance in preference for complexity, Adj. R? =
1474, F(3,411) = 24.86, p < .0001. The higher the individual scored on Openness to Experience, the
more often this individual preferred the most complex image in the pairs. The higher the individual’s
SOAQ score and the older the individual, the less often this individual preferred the most complex
image in the pairs.

Relations between preferences for soothingness and fascination per individual and
person properties. A preference for the most soothing image in the pairs correlated positively with an
individual’s PNS (r = .26, p < .0001) and with the individual’s SOAQ score (r = .22, p <.0001). The
higher an individual’s scores on the PNS and the SOAQ, the more often the individual chose the most
soothing image in the pairs. Additionally, a preference for the most soothing image in the pairs was
related negatively with Openness to Experience (r = —.23, p <.0001). The correlations between a
preference for soothing images and the other Big Five personality traits (i.e., Conscientiousness,
Extraversion, Agreeableness, and Neuroticism) as well as age were non-significant at the o = .01-
level.

A preference for the most fascinating image in the pairs correlated negatively with the
individual’s SOAQ score (r =—-.20, p <.0001). The higher an individual’s scores on the SOAQ, the
less often the individual chose the most fascinating image in the pairs. Additionally, a preference for
the most fascinating image in the pairs was related negatively with age (r = -.28, p <.0001). The
correlations of a preference for fascinating images with the PNS score and with the Big Five
personality traits (i.e., Openness to Experience, Conscientiousness, Extraversion, Agreeableness, and
Neuroticism) were non-significant at the « = .01-level.

Predicting individual preferences for soothingness and fascination based on person
properties: personality and age. We conducted several single and multiple linear regression analyses
to explore the predictive value of several person properties and age for the individual proportions of
preference for the most soothing image or the most fascinating image in the pairs.

For predicting individual preference for the most soothing image, the final model included
Openness to Experience (8 =-.011, p =.0005, partial R2 =.0289), SOAQ score (5 =.009, p =.008,
partial R2 = .0168), and mean PNS score (8 =.009, p = .009, partial R2 = .0166) as significant
predictors. Together, these predictors explained 10.04% of the variance in preference for order, Adj. R2
=.1004, F(3,411) = 16.41, p < .0001. The higher the individual scored on the PNS or the SOAQ and

the lower on Openness, the more often this individual preferred the most soothing image in the pairs.
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For predicting individual preference for the most fascinating image, the final model included
the SOAQ sum score (8 =-.013, p =.0004, partial Rz = .0297) and age (5 = -.020, p < .0001, partial
R2 = .0673) as significant predictors. Together, these predictors explained 10.13% of the variance in
preference for fascination, Adj. Rz = .1013, F(2,412) = 24.34, p < .0001. The higher the individual’s
SOAQ score and the older the individual, the less often this individual preferred the most fascinating
image in the pairs.

Order and Complexity Ratings for Neatly Organized Compositions
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Figure 6. The 25% least complex (top) and the 25% most complex (bottom) images that are also in the
25% least ordered (left) versus the 25% most ordered (right) images of the dataset.

Amount of variability between images. There was considerable variability in the mean
ratings for order between images (see Figure 6): The mean order ratings per image varied between
2.36 and 5.99 on a scale from 1 (not at all ordered) to 7 (extremely ordered; M = 4.55, SD = 0.72).
The mean complexity ratings per image varied between 1.79 and 5.71 (M = 3.50, SD = 0.90).
Additionally, individuals differed in the order and complexity ratings they gave for each image, and
the amount of individual variation also differed between images. The standard deviations for the order
ratings per image varied between 0.83 and 1.98 (M = 1.45, SD =0.21), those for the complexity
ratings between 1.10 and 1.85 (M = 1.53, SD = 0.14). Based on these results, we can conclude that
there is variation between images in how ordered or complex they are perceived to be and in how

much individual variation there is for each image’s order or complexity score.
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Amount of variability between individuals. There was considerable variability in the mean
ratings for order between individuals: The mean order ratings per individual varied between 2.26 and
6.74 on a scale from 1 (not at all ordered) to 7 (extremely ordered; M = 4.55, SD = 0.77). The mean
complexity ratings per individual varied between 1.46 and 6.97 (M = 3.50, SD = 0.91). Additionally,
individuals differed in the order and complexity ratings they gave for each image, and the amount of
variation across images also differed between individuals. The standard deviations for the order ratings
per individual varied between 0.43 and 2.48 (M = 1.38, SD = 0.42), those for the complexity ratings
between 0.27 and 2.24 (M = 1.48, SD = 0.37). Based on these results, we can conclude that there is
variation between individuals in how ordered and complex they rated the images in general and in how
much their order and complexity ratings varied across images.

Order and complexity on different perceptual stimulus dimensions. A coding scheme
indicating which image pairs were selected to differ on which dimensions is included as Appendix B.
Although we could not test whether the images in the pairs indeed differed in order and/or complexity
on the stimulus dimension on which they were assumed to differ, we could check in how many pairs
the image that was assumed to be less ordered/more complex (i.e., id1) was indeed perceived as less
ordered/more complex in general than the other image in the pair (i.e., id0). In 76 of the 100 image
pairs, id1 was indeed perceived as the most complex image in the pair. In 65 of the 100 image pairs,
id1 was perceived as less ordered than idO0.

Relations between order and complexity ratings and other image measures. The
correlations between the image measures are reported in Figure 7 and in Supplementary Figure S5 in
Appendix D. To calculate these correlations, standardized versions of the image measures were used
(cf. “Data Analysis”).

Average order rating per image. The average standardized order rating per image (averaged
across participants of TON2) did not correlate significantly with the average complexity rating per
image (r =-.07, p = .3395). However, the average standardized order rating did correlate positively
with Fourier slope (r = .26, p = .0003) and negatively with anisotropy (r =—.24, p =.0011). No other
statistical image properties correlated significantly with the standardized order ratings per image at the
a = .01-level. Furthermore, the average order rating per image was highly correlated with the average
ratings of how soothing (r = .59, p <.0001) and how fascinating (r = .54, p <.0001) the image was
perceived to be.

Average complexity rating per image. The average complexity rating per image (averaged
across participants of TON2) did correlate significantly (ps < .01) with all statistical image properties
in the expected directions (see Figure 7). Average complexity ratings correlated especially high with
HOG complexity (r = .62, p <.0001) and fractal dimension (r = .63, p <.0001). Scatter plots for these
correlations are shown in Supplementary Figure S6 in Appendix D. Furthermore, the average
complexity rating per image was correlated negatively with the average ratings of how soothing (r = -

.25, p =.0008) and positively with how fascinating (r = .52, p <.0001) the image was perceived to be.
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Figure 7. Correlations between average rating scores per image and other image measures (N = 184; all

standardized scores).

Relations between order and complexity ratings per individual and person properties.

Average order and complexity rating per individual. Average individual order ratings
correlated positively with average complexity (r = .29, p =.0074), average soothingness (r =.39, p =
.0002), and average fascination ratings (r = .34, p = .0016). Average individual complexity ratings also
correlated positively with average soothingness (r = .28, p = .0102), and average fascination ratings (r
= .52, p <.0001). In other words, individuals who gave high average ratings on one scale, also gave
high average ratings on the other scales. There were no significant correlations between the order and
complexity ratings per individual and other participant measures at the a = .01-level. Therefore, we
decided to not conduct multiple regression analyses to predict order and complexity ratings based on
person properties. All correlations are reported in Supplementary Figure S7 in Appendix D.
Soothingness and Fascination Ratings for Neatly Organized Compositions.

Amount of variability between images. There was considerable variability in the mean

ratings for soothingness between images: the mean soothingness ratings per image varied between
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2.10 and 5.35 on a scale from 1 (not at all soothing) to 7 (extremely soothing; M = 3.36, SD = 0.74).
The mean fascination ratings per image varied between 2.26 and 5.08 (M = 3.50, SD = 0.63).
Additionally, individuals differed in the soothingness and fascination ratings they gave for each image,
and the amount of individual variation also differed between images. The standard deviations for the
soothingness ratings per image varied between 1.13 and 1.81 (M = 1.55, SD = 0.13), those for the
fascination ratings between 1.25 and 1.97 (M = 1.63, SD = 0.13). Based on these results, we can
conclude that there is variation between images in how soothing or fascinating they are perceived on
average, but also in how much individual variation there is for each image in how soothing or
fascinating it is perceived.

Amount of variability between individuals. There was considerable variability in the mean
ratings for soothingness between individuals: the mean soothingness ratings per individual varied
between 1.04 and 5.29 on a scale from 1 (not at all soothing) to 7 (extremely soothing; M = 3.36, SD =
0.83). The mean fascination ratings per individual varied between 1.04 and 5.36 (M = 3.55, SD =
0.87). Additionally, individuals differed in the soothingness and fascination ratings they gave for each
image, and the amount of variation across images also differed between individuals. The standard
deviations for the soothingness ratings per individual varied between 0.26 and 2.39 (M = 1.45, SD =
0.41), those for the fascination ratings between 0.27 and 2.45 (M = 1.47, SD = 0.39). Based on these
results, we can conclude that there is variation between individuals in how highly soothing or
fascinating they indicated to perceive the images in general and in how much their soothingness and
fascination scores differed between images.

Relations between soothingness and fascination ratings and other image measures.

Average soothingness ratings per image. The average rating of how soothing an image was
perceived to be correlated positively with the average fascination rating per image (r = .61, p <.0001;
see Figure 7). Additionally, the average soothingness rating correlated negatively with anisotropy (r =
—.29, p <.0001) and rather negatively with HOG complexity (r =-.19, p =.0090). As reported before,
the soothingness rating per image correlated positively with the order rating per image (r = .59, p <
.0001) and negatively with the complexity rating per image (r = —.25, p = .0008). Scatter plots for
those relations are shown in Figure 8. Correlations between soothingness ratings and other image
measures were non-significant at the a = .01-level.

Average fascination ratings per image. The average rating of how fascinating an image was
perceived to be correlated positively with both order (r = .54, p <.0001) and complexity ratings (r =
.52, p <.0001), as reported before (see Figure 7). Additionally, the average fascination rating showed
similar correlations to the objective image measures as the average complexity rating: positive
correlations with self-similarity (r = .22, p =.0029), HOG complexity (r = .34, p <.0001), Fourier
slope (r = .44, p <.0001), and fractal dimension (r = .47, p <.0001), and a negative correlation with

anisotropy (r =-.47, p <.0001). However, the correlation between anisotropy and fascination was
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more strongly negative than the correlation between anisotropy and average perceived complexity

(significant difference at the a = .01-level). Scatter plots for those relations are shown in Figure 9.
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Figure 8. Scatter plots of the soothingness ratings for each image plotted against the order (a) and
complexity ratings (b) for each image, as well as against anisotropy (c) and HOG complexity (d; all

standardized scores).

Predicting average soothingness and fascination ratings based on measures of order and
complexity.

Predicting soothingness ratings per image. We conducted multiple linear regression analyses
to examine the joined impact of standardized average order and complexity ratings on the standardized
average soothingness and fascination ratings. The standardized average rating of how soothing
participants perceived an image to be could be significantly predicted by how ordered and how

complex the image was perceived to be: the two predictors explained 38.62% of the variance, Adj. R2
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=.3862, F(2,181) = 58.58, p < .0001. Both the standardized average order rating and the standardized
average complexity rating of the image significantly predicted its soothingness. The higher the
standardized average order rating, the higher the standardized soothingness rating for that image (5 =
.55, p <.0001, partial R? =.3539). The lower the standardized average complexity rating, the higher
the standardized soothingness rating for that image (8 = —-.17, p = .0005, partial R? = .0643). The
model including an interaction between order and complexity did show similar significant main

effects, but no significant interaction between the standardized order and complexity ratings.
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Figure 9. Scatter plots of the fascination ratings for each image plotted against the order (a) and
complexity ratings (b) for each image, as well as against anisotropy (c) and HOG complexity (d; all

standardized scores).

Predicting fascination ratings per image. We conducted a second multiple linear regression

to test if the standardized average order and complexity ratings significantly predicted the standardized
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average fascination ratings per image. The two predictors explained 59.66% of the variance in
fascination ratings, Adj. R2 =.5966, F(2,181) = 136.30, p <.0001. Both the standardized average order
rating (8 = .45, p <.0001, partial Rz = .4535) and the average complexity rating (5 = .39, p <.0001,
partial R2 = .4392) of the image significantly predicted the fascination ratings. The higher the
standardized average order rating and the higher the standardized average complexity rating for the
image, the higher the standardized fascination rating was for that image (see Figure 10). The model
including an interaction between order and complexity did show similar significant main effects, but

the interaction was only marginally significant (5 = .13, p = .06).

e -

r=0.78

Standardized fascination rating

Standardized order + standardized complexity rating

Figure 10. Scatter plot of the fascination ratings for each image plotted against the combined order

and complexity ratings for each image (standardized scores, but combination not standardized).

Predicting soothingness and fascination ratings based on the balance between order and
complexity. The regression models above indicated main effects of order and complexity on the
average soothingness and fascination ratings given for each image. Although the interaction effect
between order and complexity was not significant in the case of soothingness and only marginally
significant in the case of fascination, we wanted to explore the possible influence of the balance
between order and complexity on the perception of soothingness and fascination of the images in other
ways.

Differential correlation between order and soothingness/fascination depending on level of
complexity? For images with a positive standardized score on perceived complexity (r = .65, p <
.0001), the soothingness ratings tended to increase more strongly with increasing order than for images
with a negative standardized score on perceived complexity (r = .53, p <.0001), but the difference in
correlation for the two pair types was not significant at the o = .01-level (see also Figure 11a and 11b).
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Figure 11. Scatter plots of the standardized soothingness (top) and fascination (bottom) ratings for
each image plotted against the standardized order and complexity ratings for each image, separately

for images with a positive (left) and a negative (right) standardized complexity rating.

For images with a positive standardized score on perceived complexity (r = .75, p <.0001),
the fascination ratings increased more strongly with increasing order than for images with a negative
standardized score on perceived complexity (r = .56, p <.0001). This difference in correlation
between the two pair types was significant at the a = .01-level (see Figure 11c and 11d).

Relations between soothingness and fascination ratings per individual and person
properties. Except for the correlation between the average soothingness rating per individual and the
individual’s SOAQ score (r = .28, p =.0097), no other correlations between the average ratings and
other participant measures were significant at the a = .01-level. Therefore, we decided to not conduct

linear regression analyses to predict soothingness and fascination ratings based on person properties.
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Future Analyses to be Conducted

In the future, it would be interesting to look at individual differences in the relation between
the different concepts measured in this study. To further explore relations between aesthetic
preferences and interactions between person and image (pair) properties, hierarchical binary logistic
regression on the actual preferences per image per person (not averaged across participants or across
image pairs) can be used. For all participants to the first part of the study, the average ratings per
image and the statistical image properties can be used as predictors. For all participants to the second
part of the study, also the individual ratings of order, complexity, soothingness, and fascination can be
used.

Although the measured personality aspects cannot predict overall differences in ratings of
order, complexity, soothingness, and fascination, it could be that person properties interact with
stimulus aspects in determining these ratings. To explore this, hierarchical ordered linear regression on
the actual order, complexity, soothingness, and fascination ratings (not averaged across participants or
across image pairs) can be used.

Furthermore, it would be interesting to explore differential relationships between perceived
order and complexity and measures of aesthetic appreciation (preferences, fascination or
soothingness), possibly based on personality. For example, it could be that some person properties can
predict a positive relation between complexity or order and fascination, or at least the strength of that
relationship. This can be investigated by clustering participants based on these correlations (e.g., by
using k-means clustering) and looking for possible personality variables as predictors.

Discussion and Conclusion
Summary of the Main Findings

Neatly organized images are aesthetically pleasant. In general, images of neatly organized
compositions were perceived as pleasant to look at. Most of our participants did not have extensive
prior experiences with this type of images, indicating that the sample was not biased towards a
subpopulation of fans of neatly organized images. We can conclude that overall, neatly organized
compositions are experienced as aesthetically pleasing, even by people who do not look for this type
of images regularly in daily life. This is in line with our assumption that the popularity of neatly
organized images is based partly on the positive aesthetic appreciation of this type of images amongst
the general population.

Both stimulus and person contribute to variability in aesthetic preferences. The amount
of variability in aesthetic preferences, both between image pairs and between participants, indicated
that it is worthwhile to look at both stimulus and person properties in predicting aesthetic preference.

Aesthetic preferences relate to soothingness and fascination. Concerning stimulus
properties, on average preferred images were more soothing and fascinating than on average non-
preferred images. In image pairs in which there was a clear difference in soothingness or fascination

between the images in the pair, in almost all cases the most soothing or most fascinating image was
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preferred by most participants. Contrary to what was expected, balance scores between order and
complexity did not clearly relate with aesthetic preferences. There was some relation between
subjective order ratings and aesthetic preferences for neatly organized compositions. Which more
objective stimulus properties relate to general preferences for specific neatly organized compositions
should be investigated further.

High symmetry, ordering, and arranging tendencies, high personal need for structure,
and low openness relate to a preference for ordered images. Concerning person properties, we
found indications for individual differences in aesthetic preferences for order based on personality
(e.g., Openness to Experience, symmetry, ordering, and arranging tendencies). The higher a person
scored on questionnaires relating to personal need for structure and symmetry, ordering, and arranging
tendencies, the more often that person chose the most ordered image in the pairs. The higher a person
scored on Openness to Experience, the less often he or she preferred the most ordered image in the
pairs. For predicting individual proportions of preference for the most ordered image, the final model
included an individual’s personal need for structure as the only predictor, explaining almost 8% of the
variability in the preference proportions.

Low symmetry, ordering, and arranging tendencies, low personal need for structure,
young age, and high openness relate to a preference for complex images. The lower a person’s
symmetry, ordering, and arranging tendencies (as indicated by the score on the SOAQ), the lower his
or her personal need for structure and the higher his or her Openness to Experience, the more often
that person preferred the most complex image in the pairs. Age showed a negative relation to a
preference for complexity: The older the person, the less often he or she chose the most complex
image in the pairs. For predicting individual proportions of preference for the most complex image in
the pairs, the final model included an individual’s SOAQ score, Openness to Experience, and age,
together explaining almost 15% of the variability in the preference proportions.

High symmetry, ordering, and arranging tendencies, high personal need for structure,
and low openness relate to a preference for soothing images. Often choosing the most soothing
image in the pairs did relate positively with an individual’s symmetry, ordering, and arranging
tendencies and his or her personal need for structure. High openness related to less often choosing the
most soothing image in the pairs. Proportions of preference for the most soothing image in the pairs
thus correlated with the same person properties as did proportions of preference for the most ordered
image in the pairs, although the correlations with preferences for soothingness were somewhat less
strong. Possibly the correlations found with preferences for soothingness are a consequence of the
correlations of the person properties with preferences for order, especially since the correlation
between the two types of preferences was so high (r = .57, p <.0001).

Low symmetry, ordering, and arranging tendencies and young age relate to a preference
for fascinating images. Often choosing the most fascinating image in the pairs did relate negatively

with an individual’s symmetry, ordering, and arranging tendencies and age. The pattern of correlations
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between proportions of preference for fascination and the person properties resembled that of
proportions of preference for complexity. Possibly the correlations found with preferences for
fascination are a consequence of the correlations of the person properties with preferences for
complexity. These two types of preference correlated highly positive (r = .68, p <.0001).

Both stimulus and person contribute to variability in order and complexity ratings. The
amount of variability in order and complexity ratings, both between images and between participants,
indicated that it is worthwhile to look at both stimulus and person properties relating to perceptions of
order and complexity.

Objective measures of complexity relate to subjective complexity. Concerning the stimulus
properties, perceived complexity related highly positive with some objective indicators of complexity
(i.e., HOG-based complexity, fractal dimension, and to a certain extent Fourier slope). This finding
strengthens the usefulness of this type of statistical image properties as indicators of subjective
complexity in the search for factors relating to aesthetic appreciation.

Unclear which person properties relate to overall perceptions of order and complexity.
Although considerable variability existed in the average order and complexity ratings per individual,
the person properties measured in this study did not associate with individual differences in mean
order and complexity ratings. Differences in the overall perceived level of order and complexity could
thus not explain the relation between person properties and overall aesthetic preferences for order and
complexity. Probably, interactions between stimulus and person in the perceptions of order and
complexity are more interesting to explore than the main effect of a person’s characteristics across all
images.

Both stimulus and person contribute to variability in soothingness and fascination
ratings. As for order and complexity, considerable variation was found in the average soothingness
and fascination ratings, both per image and per individual. It is thus worthwhile to explore both
stimulus and person properties relating to perceptions of soothingness and fascination.

Soothingness relates positively to subjective order and negatively to subjective
complexity. Soothingness ratings related positively with order but slightly negative with complexity.
In predicting the average soothingness score for an image, order was by far the most important
predictor, but complexity still significantly increased the model fit. Together, order and complexity
ratings explained almost 39% of the variability in the average soothingness ratings per image.

Fascination relates positively to both subjective order and subjective complexity.
Fascination showed independent positive associations with both order and complexity. In predicting
the average fascination ratings per image, both order and complexity were significant predictors,
together explaining almost 60% of the variability in the average fascination ratings per image.

Unclear which person properties relate to overall perceptions of soothingness and
fascination. Although considerable variability existed in the average soothingness and fascination

ratings per individual, the person properties measured in this study did not strongly associate with
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individual differences in mean soothingness and fascination ratings. Only symmetry, ordering, and
arranging tendencies showed a slight correlation with mean soothingness ratings per individual. The
higher a person’s tendencies for symmetry, ordering, and arranging, the higher his or her mean
soothingness rating across all images. Probably, interactions between stimulus and person in the
perceptions of soothingness and fascination are more interesting to explore than the main effect of a
person’s characteristics across all images.
Theoretical Reflections

Based on the literature review and the results of this study, we propose different possible
pathways towards aesthetic appreciation, influenced by both stimulus and person characteristics, and

especially the interaction between them (see Figure 12).

Aesthetic N _
preferences *k Individual differences
K K
I Negative association
Soothingness Fascination
Subjective order Subjective
complexity
Other objective Objective
stimulus properties complexity

Figure 12. Schematic representation of the study’s main findings.

Note. Numbers indicate Pearson product-moment correlations; *p < .01, **p <.001, ***p < .0001.

When investigating images of neatly organized compositions, aesthetic preferences relate
positively with both the perceived soothingness and fascination of the images. However, soothingness
and fascination relate differently to the perceived order and complexity of the image. Whereas the
soothingness of an image can be predicted by high order and low complexity, how fascinating an
image is perceived to be is associated with high order and high complexity. Individuals differ in the
extent to which their aesthetic preferences are associated with perceived order and complexity, and
(consequently) also in the extent to which their aesthetic preferences are associated with soothingness

and fascination*. Symmetry, ordering, and arranging tendencies, a personal need for structure, and

14 preferences for soothingness correlated with the same person properties as did preferences for order, although
somewhat less strongly so. Also the overall pattern of correlations of the person properties was similar for
preferences for fascination and preferences for complexity. Passibly the correlations found with preferences for
soothingness and fascination are a consequence of the correlations of the person properties with preferences for
order and complexity. The observation that also the correlations of soothingness and order ratings per image with
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low openness are indicators of a preference for the most ordered images in the pairs, whereas low
symmetry, ordering, and arranging tendencies, low personal need for structure, high openness, and
young age related to a preference for the most complex images in the pairs.

Some objective indicators of complexity (i.e., HOG-based complexity, fractal dimension, and
to a certain extent Fourier slope) related strongly positively with subjective complexity. Some
objective indicators of complexity showed a slightly positive relation with subjective order, but these
relations should be interpreted rather cautiously.

In future analyses and research, it would be interesting to further investigate (a) which person
characteristics relate to individual differences in the relations of soothingness and fascination with
order and complexity; and (b) which other objective stimulus characteristics relate to subjective order
and complexity.

Different routes to aesthetic appreciation. Although soothingness and fascination differ in
their relations with order and complexity, both soothingness and fascination seemed to relate
positively with aesthetic preferences. These findings can be related to the Pleasure-Interest Model of
aesthetic appreciation proposed by Graf and Landwehr (2015, 2017), in which aesthetic appreciation
can be mediated by both pleasure and interest. We assume pleasure-based liking to relate to
preferences for soothingness and interest-based liking to preferences for fascination. In future analyses
and studies, it would be interesting to investigate individual differences in the relative importance of
soothingness and fascination in predicting aesthetic preferences, and relatedly also differences in
processing styles (i.e., automatic or controlled), as suggested in the model of Graf and Landwehr
(2015, 2017).

Combination of rather than balance between order and complexity. Like in the literature,
the relation between order and complexity seemed to be both complementary and antagonistic. On the
one hand, order and complexity complement each other in predicting how fascinating an image is
perceived to be. On the other hand, order and complexity are partial opposites in their relation to
soothingness. The balance between order and complexity seems to be a combination of the
independent relations of order and complexity with different types of aesthetic appreciation, rather
than an interaction between order and complexity. Our findings for fascination also relate to the
findings of Post et al. (2016), who stated that it is the maximization of both unity (i.e., order) and
variety (i.e., complexity) that yields the greatest aesthetic appreciation. Future analyses and studies
could focus on individual differences in the relation between order and complexity and the relation of

order and complexity with different types of aesthetic appreciation.

the statistical image properties were similar, as well as those of fascination and complexity ratings per image
with the statistical image properties, strengthens that idea. In the same vein, Lyssenko et al. (2016) found interest
ratings to show similar associations with self-similarity, HOG complexity, and anisotropy as complexity ratings,
but the associations were less strong for interest than for complexity.
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Limitations

Specific type of stimuli. The observation that different types of positive aesthetic appreciation
correlated positively with each other can possibly be explained based on their common positive
association with order. Overall, order had a stronger relation with the different types of aesthetic
appreciation assessed (i.e., preferences, soothingness, fascination). This finding is probably heavily
influenced by the selected stimulus type, and should therefore be interpreted with the necessary
caution.

Low experimental control. By selecting existing images of neatly organized compositions for
this study but only matching images that were assumed to be comparable, we attempted to balance the
needs for ecological validity and experimental control. However, the different image measures
correlated quite highly, which makes it difficult to independently investigate the relations of the
different measures with aesthetic appreciation. In future studies, it would be good to have both more
ecologically valid and more controlled investigations, to increase relevance of the findings for daily
life on the one hand and to increase knowledge about the causal relationships between the measured
concepts on the other hand.

Exploratory nature of the project. Although we specified research questions and hypotheses
at the start of the research (cf. “Research questions and hypotheses”), not all of them were very clearly
specified (e.g., the type of balance between order and complexity) and the main aim of this study was
to explore possible interesting relationships between the measured concepts. There is need for
additional investigations on newly collected data to confirm the relationships found on the basis of this
research.

Practical aspects of the study. As the data were collected online, we had no control over the
specific context in which participants completed the study. In the first part of the study, the image in
each pair that was shown left or right coincided with the image that was assumed to be least or most
complex. Although this was counterbalanced between participants, for each individual participant this
left or right bias cannot be disentangled from the bias for the image that was assumed to be most
complex. However, across all image pairs, image position did not significantly affect preference
proportions for that image. Additionally, more objective codings of the image pairs were used for most
of the analyses, which did not coincide with the image position in the pair.

Participation times as well as oral communication with some participants indicated that the
second part of the study was long and tiring. Although it might have been better for participants if the
second part of the study did not ask ratings for all images used in the first part, it would also decrease
the amount of collected information. Another possibility would have been to allow participants to
pause the study and finish it on a later moment in time.

Many analysis options. Although we predicted an influence of the mentioned person
properties on both absolute preferences for order and/or complexity and on relative levels of order in

proportion to the level of complexity, we did not (yet) test the influence of the person properties on the
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relative levels, as the other analyses on the balance measures indicated that order and complexity seem
to have rather independent relations with other types of aesthetic appreciation (i.e., soothingness and
fascination). Also many other analysis options were not explored yet, because of the abundance of
possibilities with the collected data, as it has many different possible dependent variables and units of
analysis. Additionally, a lot of choices had to be made while doing the analyses and reporting (e.g.,
coding of the image pairs, using standardized or unstandardized scores). We tried to communicate as
clearly and transparently as possible about the different choices made and analyses conducted.

Other factors predicting aesthetic appreciation. Although the focus of this study was on
stimulus and person properties related to (the balance between) order and complexity, many other
factors might play a role in aesthetic appreciation. For example, color aspects of the image could be
important, as well as whether the image represents natural or non-natural objects. Also, the mood or
goal state of the participants was not measured in this study, although this could also influence
aesthetic appreciation (see also motivational orientation in Deng & Poole, 2012, and the Pleasure-
Interest Model of Aesthetic Liking by Graf & Landwehr, 2015, 2017). Conceptual aspects could also
be relevant in some types of neatly organized compositions. Further analyses on the collected data as
well as new studies could explore these factors and many more.

We found indications for many individual differences in aesthetic appreciation (i.e.,
preferences, soothingness, and fascination). For some of the preferences, we found a few suggestions
about possible driving factors, but there is still a lot to explain. In future studies and analyses, it would
be good to further explore interactions between stimulus and person properties that could relate to
aesthetic appreciation.

Conclusion

In conclusion, aesthetic appreciation for images of neatly organized compositions is closely
related to both the amount of order and complexity perceived in the images. Images are perceived as
more fascinating as they are more ordered and more complex. Soothing images are highly ordered but
low in complexity. Individuals differ in their preferences for more ordered, complex, soothing, and
fascinating images, and these differences can partly be explained by differences in personality. In
general, both stimulus and person interact in determining aesthetic appreciation. Further investigations

should focus on both empirically investigating and theoretically explaining these interactions.
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Appendix A

Stimulus Pair Selection

For my project | started out with searching for images of neatly organized compositions that were
available online. Based on the series of images that | collected and the literature reviewed above, |
sought for stimulus dimensions related to the balance between order and complexity that could play a
role in the aesthetic preference for certain neatly organized images. Each of these qualitatively
determined factors will be discussed below. Then I selected pairs of stimuli that differed in order
and/or complexity on one or maximally two of these perceptual stimulus dimensions, to be able to
investigate the importance of order and complexity on each of these stimulus dimensions in
determining aesthetic preference. All image pairs are presented in full resolution and size on

http://gestaltrevision.be/tests/ton1/allpics.php.
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Figure Al. Example of a stimulus pair testing low versus medium color complexity (a) and of a

=

stimulus pair testing medium versus high color complexity (b).

Color order and complexity. One of the factors assumed to play a role in the aesthetic
preference for specific images of neatly organized compositions is the amount of variety in color
present in the image. Within this category two types of pairs were distinguished: pairs comparing low
and medium color complexity (e.g., Figure Al.a) and pairs comparing medium and high color
complexity (e.g., Figure Al.b). The first type of pairs compared images in which only one main color
is present with images in which different (often compatible) colors are present. The second type of
pairs compared images in which different compatible colors are present with images in which different
more contrasting colors are present. The differences between the images in this second type of pairs
are less unambiguous than the differences between the images in the first type of pairs, partially
because also difference in color order come to play here. That is, some of the images in this second
type of pairs do contain a color gradient (i.e., systematic alteration in color; e.g., COL_18) or another
type of systematic ordering in color (e.g., COL_21), which may mask pure differences in color

complexity between the images.


http://gestaltrevision.be/tests/ton1/allpics.php
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Figure A2. Example of a stimulus pair testing texture complexity (a) and a stimulus pair testing global

form and contour complexity (b).

Textural order and complexity. With texture | refer to the physical composition or structure
of the different elements in the image (i.e., how the elements are placed in relation towards each
other). Whereas in some of the pairs images with a regular texture and those with a more irregular
texture pattern are compared (e.g., Figure A2.a), other pairs were selected to tap in differences in
aesthetic preferences for different regular patterns (e.g., TEX_2 comparing horizontal and diagonal
texture based on color differences; TEX_10 all elements on a fixed distance of each other versus no
distance between the elements; TEX_17 subgroups of elements versus gradient, etc.). In some of the
image pairs color plays a role in defining the difference in texture between the images (e.g., TEX_2).

Global form and contour order and complexity. Some of the image pairs were selected to
differ in the complexity of the global form and contour arising from the combination of the different
elements in the image (e.g., Figure A2.b). In some of the images the contour of the collection of
elements in the image is emphasized, which could add a dimension of order or coherence to these
stimuli (e.g. right image in CON_6).

Figure A3. Example of a stimulus pair testing a difference in number of objects (a) and a stimulus pair

testing a difference in perspective (b).

Number of objects. The number of elements in a stimulus or image is a well-known aspect of

complexity that also got its place in this study (e.g., Figure A3.a).



Perspective. Whereas most images of neatly organized compositions are taken from above,

some images are taken from a different — more complex looking — perspective (e.g., Figure A3.b).
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Figure A4. Example of a stimulus pair testing a difference in type of objects.

Type of objects. Whether images contain very different types of objects or only very similar
objects (i.e., on a basic categorical level) can also influence complexity and consequently aesthetic

preferences (e.g., Figure A4).
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Figure A5. Example of a stimulus pair testing the factor combination color and configuration (a), a

stimulus pair testing the factor combination color and type of objects (b), a stimulus pair testing the
factor combination color and texture (c), and a stimulus pair testing the factor combination texture and

number of objects (d).

Combinations of factors. Some of the selected image pairs differ in two of the mentioned
dimensions simultaneously (see Figure A5.a—A5.d). When one of the images in a pair is assumed to be
more ordered or complex on both dimensions, this combination of factors can lead to clearer
differences in complexity or order (e.g., Figure A5.a and A5.d). When one of the images is assumed to



be more ordered or complex on one dimension and the other image is assumed to be more ordered or
complex on the other dimension, this pair can give insight in which factor has more weight in the
judgment of order and complexity and in aesthetic preference judgments (e.g., Figure A5.b and A5.c).

Other considerations concerning selection of stimulus pairs and dimensions. For factors
or dimensions that were not systematically varied or taken into account, it was attempted to make the
selected sample of images representative for the collection of images available online. Furthermore,
images showing an extreme (non-)ordering or complexity on these non-selected dimensions were
removed from the selection. Some of these non-selected factors were the shape of the objects, length
or size of the objects, and prominence of the background.

Examples of images containing important conceptual aspects that were not taken into account
were: (a) images in which the meaning of the presented objects was lost after ordering (e.g., Chinese
letters); (b) images in which one object is analyzed in its parts (in contrast to ‘arrange’ images, in
which different objects are organized in a collection); (c) images containing a conceptual ordering
(e.g., objects organized in a form with the contour of the United States of America); and (d) images of
non-real-life objects (e.g., ordered paintings). We decided to only show organized images (and not
combinations of pre- and after-ordering images) as the starting non-ordered counterpart was not

available for most ordered images.



Appendix B

Coding Scheme of the Stimulus Pairs

Below the original coding scheme of the stimulus pairs is reported. Except for the color dimension, all
codings are very subjective and arbitrary. Additionally, it was hard to make a clear distinction between
differences in complexity (i.e., amount of variation on a dimension) and differences in order (i.e.,
organization or regularity of the variation on that dimension). This results in an often overlapping
coding for differences in order and complexity (i.e., 1 for complex, — 1 for order). Sometimes, two
codings or a question mark are shown to indicate that the coding was not straightforward for that
difference in the pair.

A score of 1 indicates that id1 is assumed to be more ordered or complex than id0. A score of
— 1l indicates that id1 is assumed to be less ordered or complex than id0. A score of 0 indicates that
there is no evident difference in order or complexity on that dimension between the images in the pair.

The names of the images that were used twice are in italic. Besides the varied dimensions (i.e.,
order and complexity differences in color, texture, global form/contour, number of objects, type of
objects, and perspective), the stimulus pairs were also coded for possible differences in the

prominence of the background as well as differences in the recognizability of the objects.
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Appendix C
Supplementary Tables

Table S1

Participant Characteristics Part 1

Dutch version English version Total
Measure N % N % N %
359  100.00 56 100.00 415  100.00
Gender
Female 238  66.30 35 62.50 273  65.78
Male 121 33.70 21 37.50 142 34.22
Other 0 0.00 0 0.00 0 0.00
Age (Binned)
16-19 25 6.96 2 3.57 27 6.51
20-24 68 18.94 11 19.64 79 19.04
25-29 29 8.08 16 28.57 45 10.84
30-34 32 8.91 8 14.29 40 9.64
35-39 34 9.47 4 7.14 38 9.16
40-44 23 6.41 4 7.14 27 6.51
45-49 29 8.08 4 7.14 33 7.95
50-54 36 10.03 3 5.36 39 9.40
55-59 32 8.91 1 1.79 33 7.95
60-64 30 8.36 1 1.79 31 7.47
65-69 12 3.34 1 1.79 13 3.13
70-74 5 1.39 0 0.00 5 1.20
75-79 4 1.11 1 1.79 5 1.20
Mother Tongue (Grouped)
Dutch 349 97.21 3 5.36 352  84.82
Romance 2 0.56 13 23.21 15 3.61
English 1 0.28 12 21.43 13 3.13
Slavic 2 0.56 9 16.07 11 2.65
German 4 111 6 10.71 10 2.41
Greek 0 0.00 5 8.93 5 1.20
Other 1 0.28 8 14.29 9 2.17



Dutch version English version Total

Measure N % N % N %
Highest Level of Education

Elementary 1 0.28 0 0.00 1 0.24

Part of high

school

(no diploma) 25 6.96 0 0.00 25 6.02

High school 106  29.53 8 14.29 114 27.47

College 119  33.15 2 3.57 121 29.16

University 108  30.08 46 82.14 154  37.11

Note. Romance languages include French, Italian, Romanian, Portuguese (Brazilian), and Spanish.

Slavic languages include Bulgarian, Czech, Polish, Russian, Serbian, and Slovenian.

Other languages include Arabic, Chinese, Estonian, Hebrew, Norwegian, Persian, and Turkish.

Table S2

Participant Characteristics Part 2

Dutch version English version Total
Measure N % N % N %
76 100.00 8 100.00 84 100.00
Gender
Female 49 64.47 7 87.50 273  65.78
Male 27 35.53 1 12.50 142 34.22
Other 0 0.00 0 0.00 0 0.00
Age (Binned)
16-19 0 0.00 0 0.00 0 0.00
20-24 20 26.32 2 25.00 22 26.19
25-29 2 2.63 2 25.00 4 4.76
30-34 2 2.63 2 25.00 4 4.76
35-39 5 6.58 0 0.00 5 5.95
40-44 5 6.58 1 12.50 6 7.14
45-49 10 13.16 0 0.00 10 11.90
50-54 7 9.21 0 0.00 7 8.33
55-59 7 9.21 0 0.00 7 8.33
60-64 12 15.79 0 0.00 12 14.29
65-69 4 5.26 1 12.50 5 5.95
70-74 1 1.32 0 0.00 1 1.19
75-79 1 1.32 0 0.00 1 1.19
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Dutch version English version Total

Measure N % N % N %
Mother Tongue (Grouped)

Dutch 74 97.37 0 0.00 74 88.10

Romance 1 1.32 2 25.00 3 3.57

English 0 0.00 4 50.00 4 4,76

Slavic 0 0.00 1 12.50 1 1.19

German 1 1.32 0 0.00 1 1.19

Greek 0 0.00 0 0.00 0 0.00

Other 0 0.00 1 12,5 1 1.19
Highest Level of Education

Elementary 0 0.00 0 0.00 0 0.00

Part of high

school

(no diploma) 2 2.63 0 0.00 2 2.38

High school 23 30.26 1 12.50 24 28.57

College 28 36.84 1 12.50 29 34.52

University 23 30.26 6 75.00 29 34.52

Note. Romance languages include French, Italian, and Portuguese (Brazilian). Slavic languages

include Serbian. Other languages include Hebrew.
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Appendix D

Supplementary Figures
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Figure S1. Histograms of the proportion of participants that preferred the most ordered, complex,

soothing, fascinating, or on average preferred image, across image pairs (N = 100).
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Figure S2. Histograms of the proportion of pairs in which the most ordered, complex, soothing, and

fascinating, or on average preferred image was preferred, across participants (N = 415).
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Figure S3. Scatter plots showing the relation between the proportion of participants preferring the on
average preferred image and the difference in soothingness (a) and fascination (b) for each of the

image pairs (standardized scores, based on preference coding).
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Figure S4. Pearson product-moment correlations between different image pair measures (standardized
scores, based on preference coding).

Note. Prop_ID1 indicates the proportion of preference for the on average preferred image in each pair.
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Figure S5. Correlations between average rating scores per image and balance measures between order

and complexity (N = 184; all standardized scores).
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Figure S6. Scatter plots showing the relation of subjective complexity with HOG complexity (a) and

fractal dimension (b) for each of the images (N = 184, all standardized scores).
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Figure S7. Correlations between average rating scores per participant and other participant measures

(N = 84; unstandardized scores).
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