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Abstract

Perceived visual balance is one of the critical factors that determine whether an artwork is regarded as
aesthetically pleasing or not. This kind of balance seems to depend on the perceptual weight given to
the major elements of a composition that can differ in size, position, shape, orientation, and colors
within the pictorial field. We probe the relationship between perceived stability, dynamics, balance
and aesthetic ratings of ten original artworks from the Suprematist art movement and 20 partici-
pant-arranged compositions with the elements taken from the artworks. For each artwork, 22 art-
naive participants arranged first all shape elements on the corresponding “canvas” of the paper version
separately according to two tasks: create a stable and create a dynamic composition. After this, they
transferred the final compositions to the computer and rated their digital versions of the stable and
dynamic arrangements as well as the original Suprematists’ artworks according to the degree of per-
ceived balance, stability, and dynamic appearance and personal preference. Qualitatively, in “stable”
compositions shape elements were arranged more symmetrically and often stacked on the lower
part of the “canvas,” whereas in “dynamic” compositions elements were often rotated with respect
to the pictorial field and distributed unevenly or asymmetrically over larger areas. The relationship
between perceived stability, dynamics, and liking varied with the complexity of the artwork and geo-
metrical indices of balance did not correlate strongly with perceptual ratings and liking. Our analysis
revealed differences in individual preference for either stable or dynamic arrangements.
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Introduction

An artwork, like a painting, drawing or collage is often created on a rectangular reference frame, that
is, a canvas, sheet of paper, wooden plate or monitor. This is also how we encounter most of these
artworks: Often nicely framed, hanging in rows along at the walls in museums or private rooms,
offices, schools, or printed in books. When looking at an artwork, we have an instantaneous sense
of its balancedness, that is, whether the composition is well composed with respect to its reference
frame or background, or whether it “topples” or “flies out of the frame.” Balance is one of the critical
factors that determine whether we find an artwork aesthetically pleasing or not (Arnheim, 1954;
Kandinsky, 1928; Locher et al., 1998; Ross, 1907); for a review see: Palmer et al. (2013).
In fact, an unbalanced artwork becomes “incomprehensible” according to Arnheim (1954).
However, what exactly is a “balanced” artwork and is the preference for balance and stability the
same for everyone?

There is no simple answer to this question because the internal processes underlying aesthetic
perception in humans are very complex and interactions between specific stimulus features and sub-
ject specific factors (age, education, sex etc.) that influence and determine aesthetic appreciation are
manifold (Chatterjee & Vartanian, 2014; Fechner, 1871; 1876; Leder et al., 2004; Pearce et al.,
2016; Specker et al., 2024). Several factors interactively modulate the impression of an overall
balanced composition: Geometrical aspects like the size and shape of the pictorial field (canvas,
paper, wall etc.), the painting style, the number, sizes, colors, structures and shapes of picture ele-
ments, their specific distribution with respect to symmetries, alignment, order, luminance and chro-
matic contrasts and the overall complexity (Arnheim, 1954; Belke et al., 2006; Corradi et al., 2019;
Eisenman & Gellens, 1968; Fechner, 1871; Gartus & Leder, 2013; Hiibner & Théommes, 2019;
Jacobsen & Hofel, 2002; Koenderink et al., 2018; Locher, 2003; Locher et al., 2001; McManus,
2005; McManus et al., 1985; Nadal et al., 2010; Specker et al., 2020; Van Geert & Wagemans,
2020). Also more semantic aspects such as the topic, time period, uniqueness of the artwork play
a role in addition to the artwork-inherent factors, the specific circumstances, like where and when
the artwork is seen, the information provided or known and effects of repeated exposure (Leder,
2002; Leder et al., 2004; Tinio & Leder, 2009). Finally, also the observer brings his/her own com-
prehension, expertise, prior experiences, current state and emotions to the judgment of a compos-
ition (Arnheim, 1954; Chatterjee & Vartanian, 2014; Leder et al., 2012; Markovic, 2011; Palmer
et al., 2013; Pearce et al., 2016; Specker et al., 2017).

According to Arnheim (2009) the geometric center of a pictorial field “is also the center of the
composition, in the sense that all the perceived weights of shapes and colors arranged by the painter
balance around the middle” (p. 66). These weights exert perceptual forces and when these forces act
on an artwork’s center of gravity, they balance each other out such that an equilibrium, that is, a
perceptual balance has been achieved (Arnheim, 1954). But is this true and is this kind of balance
perceived by all observers? A composition that looks balanced to me may look unbalanced to you.
Given the complex interactions of very different factors, how can one even hope to break any way
towards understanding the visual perception of balance in artworks? One possibility is to simplify
the stimuli and to start by studying the perception and preference for different arrangements of single
elements. For example, Ross (1907) discussed in his book, how the shape, position, orientation, and
length of a single line on a canvas or paper influenced aesthetic impressions (also see Puffer, 1903).
McManus et al. (1985) found that observers generally indicated pictures were balanced near the cen-
ter of the frame, that balance judgments were based upon the position of an object and influenced
much by size or color and that the whole information present in the pictorial field was integrated.
Locher et al. (1998) used sets of similar geometric shapes of different sizes, for example, black cir-
cles, squares, leaves etc. and asked their participants to arrange them on a white quadratic back-
ground (“canvas”) until the arrangements appeared “interesting and pleasant” to them. They
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found that the structural center, that is, the point “about which there is an equal distribution of the
physical weight associated with its components” of the resulting designs often corresponded to the
geometric center of the “canvas”. Therefore, participants appeared to have used an imaginary hori-
zontal and vertical grid while creating their compositions. Their results support the idea that “per-
ceptual balance” might be thought of it as “mechanical balance,” where each visual element has
a certain perceptual weight depending on its shape, color, and size (Arnheim, 1954).

Quantifying Balance

Although being criticized for being a too simplistic notion (Abeln et al., 2016; McManus et al.,
2011), in recent years, the “mechanical” conception of perceptual balance has inspired the develop-
ment of quantitative indices of balance that can be computed on digitized images of simple compo-
sitions of geometric shapes. For example, (Wilson & Chatterjee, 2005) introduced the “Assessment
of preference for balance” (APB) index. They validated this index by comparing APB scores and
human balance ratings for 130 images consisting of white squares on which seven black elements
of the same shapes (circles, squares, or hexagons) of varying sizes were distributed differently. For
the index an image was divided into two equal parts along the two principal axes, two diagonal axes,
and into equal inner and outer areas. Pixels on each side with respect to each axis were counted and
the relative measure of symmetry was calculated. Then the average of the eight different measures of
symmetry, all based on the comparison of pixel distributions of the black shapes with respect to geo-
metric divisions, was calculated. This average yielded the APB index, the objective balance score
ranging from 0% (perfect balance) to 100% (no balance).

Hiibner and Fillinger (2016) developed, based on Arnheim’s theory (1954), an alternative meas-
ure, the so-called “Deviation of the Center of Mass” (DCM) that quantified the deviation of the per-
ceptual center of “mass” from the geometric center of the image. Like Wilson and Chatterjee (2005)
they created pictures with seven black elements (circles and hexagons) of different sizes, that were
located at random positions. In three different experiments participants had to rate the balance and
symmetry and their preference for these pictures. Similarly, to the APB method, each black pixel of
each shape element on the “canvas” received a “mass” and their sum was weighted by its distance
with respect to a reference point in the horizontal and vertical direction, respectively. Finally, the
combined horizontal and vertical distances of the visual “mass” to the geometrical center of the
image are computed as the DCM (see Hiibner and Fillinger (2016) for equations). The authors
showed that the DCM and APB predicted balance and liking rating similarly well, with APB
accounting for 62% and DCM for 68% of the variance in balance ratings (Hiibner & Fillinger,
2016). However, in a subsequent study (Hiibner & Fillinger, 2019) pointed out that these strong pre-
dictions might be due to the specific set of test images, that is, the use of homogeneous shape ele-
ments with the same luminance level and that they may not generalize well to more complex stimuli.
For example, both measures, the APB and DCM, failed to predict balance ratings for Japanese cal-
ligraphy (Fillinger & Hiibner, 2020b; Gershoni & Hochstein, 2011). This was also found in a sub-
sequent study with stimulus arrangements of varying complexity of the visual aesthetic sensitivity
test (Gotz et al., 1979); in which measures of APB and DCM did not correlate with balance ratings of
participants, except for single element stimuli (Hiibner & Fillinger, 2019). The authors proposed that
it might be possible that participants “apply concepts of perceptual balance that are not reflected by
the APB and DCM measures” (Hiibner & Fillinger, 2019), such as “a sense of stability.” They con-
clude that how participants interpret perceptual balance depends on the type of picture, for example,
for single-element pictures participants use a concept of “mechanical balance” as captured by the
DCM (and APB), whereas for multiple-element and dynamic-pattern pictures balance is interpreted
as “gravitational stability” (Hiibner & Fillinger, 2019).



4 i-Perception 17(1)

Balance and Aesthetic Experience

In order to better understand the effects of perceived and image-computed balance on aesthetic
experience, the authors of the studies above (Hiibner & Fillinger, 2019) also assessed how much
an picture was liked, and related mean ratings of liking to the mean rating for balance and quanti-
tative measures of the APB and DCM scores. A subgroup of participants rated, instead of balance,
the perceived stability. Their results suggest that aesthetic appreciation of a picture is not just
dependent on perceived balance but on several components, such as the (perceived) stability, com-
plexity (here, number of elements; but also see Nath et al. (2023) for additional measures of com-
plexity) and the perceived dynamics of the composition. In fact, overall, ratings and indices of
balance did not correlate with liking, instead liking strongly depended on the complexity of the pic-
ture: The higher the complexity of a picture the more participants liked it (Hiibner & Fillinger,
2019). Overall, an interesting pattern emerged: For single element stimuli, liking was unrelated to
perceived balance and stability, but positively correlated with complexity, whereas for
multiple-element stimuli liking was positively correlated with perceived balance and stability, but
unrelated to complexity, and finally, for dynamic distributions of elements, liking was positively
correlated with perceived balance and complexity, but unrelated to stability. The authors argue
that these different patterns of ratings might be explained by the fact that, depending on the picture
type, participant use different criteria for their ratings. For example, compositions that imply motion
may be evaluated with different criteria for balance and stability than those that do not. Therefore,
they proposed that two types of instability exist: One type of instability is associated with gravity
and is not liked, whereas the other type is associated with movement, which is liked (Fillinger &
Hiibner, 2020a).

To test this idea Fillinger and Hiibner (2020a) systematically assessed the complex interplay
between liking, perceived balance, stability and implied motion as well as the two quantitative mea-
sures of balance, APM, and DCM. They used two different sets of stimuli: For experiment 1, they
created 32 compositions inspired by the artists K. Malevich (1879-1835) containing three black rec-
tangles and three small colored elements in different orientations, for experiment 2 they selected 100
artworks by Karl Otto Gotz (1914-2017) and presented them as gray-level pictures. For the
multiple-element stimuli in experiment 1 they found a strong positive correlation between balance
and stability ratings: The balanced and gravitationally stable compositions were liked by partici-
pants, but not the more dynamic ones. Moreover, DMC scores correlated only with the balance-,
but not with stability ratings, which Fillinger and Hiibner (2020a) interpret such that balance ratings
might reflect a mixture of mechanical balance and gravitational stability. For the more complex, tex-
tured, and dynamic images of artworks in experiment 2, instability (dynamics) was liked, and no
correlation between liking and balance ratings were found. Also, none of the perceptual ratings
for these images correlated with DCM (and APB) scores. Fillinger and Hiibner (2020a) interpreted
the differences between the results of the two experiments as support for the idea that perceived
instability reduced the aesthetic appreciation of a composition unless it implies movement.
However, given that the stimuli in experiment 1 and 2 were of vastly different quality—one consist-
ing of a few geometric similar shapes and the other one of complex paintings—comparing them dir-
ectly might be problematic. Moreover, there is an implication that compositions consisting of a few
geometrical elements do not imply any motion, which isn’t necessarily true. As an example, con-
sider “White on White” by K. Malevich shown in Figure 1 (right), a single tilted white square on
white background. This composition consists of just a single geometric element defined by hardly
any luminance contrast, yet it appears as quite dynamic (at least to us).

Given that the relationship between perceived balance, implied motion and liking is complex and
also dependent on the image type, it could be helpful to keep some of these parameters fixed while
varying others. Here we attempt this by asking participants to arrange their own compositions that



Braun et al. 5

Figure I. The black and the white square by K. Malevich. Left: Black square by Malevich (1915), oil on canvas
(79,5 %X 79,5 cm), Trejakow-Galerie Moskau. Malevich’s famous painting Black Square is considered as a major
landmark in the history of abstract art and Malevich painted four versions of it between 1915 and the early
1930s. At the 0.10 exhibition in 1915 it hung underneath the ceiling across one corner of the exhibition room,
which was the traditional placement of religious icons in Russia. A close inspection reveals that the square is not
a real square since its horizontal outlines are not parallel. (source of image and info: https:/www.tate.org.uk/art/
artists/kazimir-malevich- | 56 | /five-ways-look-malevichs-black-square) Right: White on White by Malevich
(1918), oil on canvas (79.4 x79.4), MoMA, New York. In this painting a barely visible off-white square is
superimposed on an off-white ground (image source: https:/www.moma.org/collection/works/80385).

are either stable or dynamic with predetermined sets of few geometric shape elements. Elements
were taken from original Suprematist artworks. Suprematism is an art movement founded by the
Ukrainian artist and art theorist Kazimir Severinovich Malevich together with a group of mainly
Russian artists, with the aim creating a non-objective “pure artistic feeling.” These artworks usually
consist of few basic geometric shape elements like circles, lines, rectangles and squares painted in a
limited range of colors (see Figures 1 and 2), that made them particularly suitable for our purposes
(also see Information A1l for background on the suprematist art movement).

Arrangement tasks are intuitive: They don’t require the participant to have artistic drawing or
painting abilities, and one can easily manipulate, for example, the complexity of compositions by
varying the number of elements. The results of such interactive tasks are quite insightful for under-
standing what composition aspect elicits a sense of pleasure or liking and how this experience is
linked to the arrangement of elements. Fechner, in his book “Zur experimentellen Aesthetik”
(1871, pp. 48—49), introduced the method of production as one of three possible ways to study aes-
thetic experiences. With this method, participants actively produce arrangements that “please” them,
yielding subjective arrangements whose properties can then be analyzed subsequently. Despite this
potential, most studies of empirical aesthetics are done with the method of choice, that is, with a
two-alternative forced choice task or a rating paradigm with a Likert scale since testing is fast
and the analysis of the collected data is easier. The method of production is still rarely used
(Westphal-Fitch, 2019) although it is much closer to the artistic process and allows more individual
freedom (Braun & Doerschner, 2019). Recent examples of how the method of production is used in
studying aesthetic preferences, can be found in Westphal-Fitch et al. (2012) or Westphal-Fitch et al.
(2013), where they introduced an interactive pattern-generation framework for participant to make
their own pattern arrangements. In our former study, we asked our participants to adjust the color


https://www.tate.org.uk/art/artists/kazimir-malevich-1561/five-ways-look-malevichs-black-square
https://www.tate.org.uk/art/artists/kazimir-malevich-1561/five-ways-look-malevichs-black-square
https://www.tate.org.uk/art/artists/kazimir-malevich-1561/five-ways-look-malevichs-black-square
https://www.moma.org/collection/works/80385
https://www.moma.org/collection/works/80385

6 i-Perception 17(1)

P1 P2 M7
o . i
o l %" b
= ?
- 3 RS
122}
S () P v 4
LY FI k& EERE
o
: l L
APB 49.05 15.51 9.36 21.26 25.68 26.12 48.14 48.63 48.21 23.26
pcm  19.93 12.59 5.33 2.67 121 1.1 413 714 19.18 17.73

Figure 2. Digital images of the original Suprematist artworks of Malevi¢ (M), Popowa (P), Khidekel (K). Top
row shows the originals from left to right: (I)MI: “Black Square and Red Square,” (2) M2: “Suprematism with
Blue Triangle and Black Square,” (3) M3: “Suprematism with rectangle and circle 1915,” (4) Pl: “ Draft for
embroidery for the collective Werbowka,” (5) M4: “ Suprematism 1915,” (6) M5: “Suprematism with square,
cross and circle,” (7) P2: “Draft for embroidery number 36 for the collective Werbowka,” (8) Kl:
“Suprematist Composition with blue square,” (9) Mé: “Frame Class,” (10) M7: “Painterly realism of a soccer
player.” In this figure the images of the artworks are scaled to have the same height. The bottom row shows
the manually reconstructed artworks in PsychoPy (Peirce et al., 2019). Colors in reconstructed artworks in
this figure may slightly deviate from the actual color appearance on the experimental screen. Below each
artwork we report the corresponding APB and DCM of original Suprematist artworks. APB and DCM were
computed according to Wilson and Chatterjee (2005) and (Hiibner & Fillinger, 2016) respectively. For APB
and DCM lower numbers indicate higher balance (possible range: 0% to 100%). APB = assessment of
preference for balance; DCM = deviation of the center of mass.

of a single gray shape within an abstract painting presented on a monitor according to their taste (Braun
& Doerschner, 2019). However, the method of production also comes with its challenges. For
example, McManus and Gesiak (2020) using interactive Mondrian patterns showed that too many
degrees of freedom in creating compositions can be overwhelming for participants. Also, Fechner
noted that the production task is best to be used with simple stimuli, for example, a few geometric
shapes (Fechner, 1871). Recent work by Hiibner (2025) suggests that production and evaluation (rat-
ing) tasks yield different preference patterns for aspects of a composition.

Here, we asked participants to create a stable and a dynamic composition for arrangements containing
different numbers of shape elements (see Figure 2). After this, participants rated their own compositions as
well as the original artwork on how stable, dynamic, and balanced it appeared, and also, indicated how
much they liked each composition. The goal was three-fold: (1) To assess art naive participants intuition
about stability and dynamics in a visual composition, that is, whether there were any systematic patterns in
the arrangements under each composition task (2) to assess to what extend perceived dynamics and sta-
bility correlated with the participants concept of visual “balance” and their liking, and how these relation-
ships varied as a function of visual complexity. (3) To formally assess how well geometrical aspects of the
compositions and established indices of balance—APB (Wilson & Chatterjee, 2005) and DCM (Hiibner
& Fillinger, 2016)—related to the subjective experience of self-arranged and original compositions.

Methods

Stimuli

Stimuli were constructed from ten Suprematist artworks by Malevi¢ (M), Popowa (P), and Khidekel
(K). The upper row of Figure 2 shows the original artworks; their high-quality digital reproductions
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were retrieved from wikiart.org (M1, M2), meisterdrucke.de (M5, M7, P1, P2), kunst-fuer-alle.de
(M3), reproarte.com (M4), germanposters.de (M6), artsandculture.google.com (K1). For our study
compositions had to fulfill the following criteria: (1) Each artwork had to consist of 2—8 geometric-
ally and chromatically distinct and clearly separable shapes, that were placed entirely within the art-
work boundary (i.e., no cut-off elements). Note, that we will refer to an artwork or its set of shape
elements taken from a specific artwork either generally as “stimulus,” or by its shorthand, for
example, M2 (see Figure 2). For more information about perception and Malevich’s art and espe-
cially the painting “Black Square and Red Square” (1915) our stimulus M1, see Sarami et al. (2021).

Shape elements and the background of each artwork were carefully measured and all 10 artworks
were re-constructed in Python using PsychoPy (Peirce et al., 2019) Routines (Figure 2 bottom row).
We approximated the colors of all compositions as close as possible to their appearance in our spe-
cific digital reproductions of the artworks. This allowed us to access each element in a given com-
position and control its position in the experiment. For each artwork we printed all individual shape
elements and the “canvas” on thick A4 paper and cut them out. This allowed our participants to get
familiarized with the compositional tasks and made it easy for them to explore the effect of positions
of the given shapes within the pictorial space. We are aware that colors of digital reproductions and
paper-cutouts deviated somewhat from the “analog” original color additional to the sizes. However,
this problem can’t be solved and we hope that these facts are not too relevant to our research ques-
tion. Geometrical measurements and the experimental code can be obtained from the authors upon
request.

Participants

Twenty-one volunteer participants (13 female, age range 21-33 years, mean=24.5, SD=3.23,)
were recruited using the Justus-Liebig-University’s mailing list. Data was acquired within two
weeks. Nineteen participants were students at the JLU, two others had completed vocational train-
ing. Upon arrival in the laboratory, participants received general instructions about the design of the
study. Then they signed the consent form, and filled in a short general presurvey inquiring about
demographic data, favorite and least liked colors, general interest in art and abstract art. On average,
participants indicated to have little to intermediate interest in visual arts and none of them studied or
was trained in art. All participants were right-handed, had normal or corrected-to-normal visual acu-
ity and normal color vision as tested before with the Ishihara test for color deficiency (Ishihara,
2018). The study was approved by the local ethics committee (LEK FB06) and was conducted in
accordance with ethical standards put forward in the Declaration of Helsinki.

Experimental Tasks and Procedure

The study consisted of two experimental parts: In part 1, participants were asked to arrange the ele-
ments of each artwork (A) to achieve a dynamic (dynamic/energetic/moving/lively) composition
and (B) to achieve a stable (stable/static/calm) composition. The order of A and B was randomized
across participants. Part 2 consisted of four sub-experiments: Participants were asked to rate their 20
self-arranged and the ten original compositions by moving a horizontal slider on how balanced
(completely unbalanced—very balanced), likable (completely dislike—like it very much), stable
(completely unstable—very stable) and dynamic (completely static—very dynamic) they appeared
to them. Numerically, slider values ranged for every task between 0 and 1, where 0 referred to the
absence of an attribute or dislike, and 1, conversely to the full presence of an attribute or much lik-
ing. The order of the four rating experiments was kept the same for all participants, but the 30 stimuli
(10 stable compositions, 10 dynamic compositions, 10 original artworks) in each rating experiment
were presented in a randomized order.
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Arrange Transfer to PC Rate

Figure 3. Experimental tasks. Left: Participants first completed the composition task with cut-outs for a
given artwork. Middle: When they were content with their design, they transferred their composition onto a
PC using a custom software written by us in PsychoPy (Peirce et al., 2019). Right: After doing this for all
artworks and for both compositional tasks (balanced, dynamic) participants rated their own and original
Suprematist artworks in four rating experiments. In a randomized order, participants rated each stimulus on
how balanced, dynamic, stable, and likable it appeared to them. See the main text in the methods for more
details.

Part 1 started with a short practice session. Participants were asked to arrange 3 shapes (these
were not taken from any of the experimental stimuli) on an A4 paper until they achieved a satisfac-
tory (to them) stable or dynamic composition. Then the experimental part 1 started. On every trial,
participants arranged the elements for one randomly chosen artwork according to the given task first
with the cut-out paper stimuli on the corresponding paper backgrounds. When they were content
with their arrangements of the cut-outs, participants transferred them to the computer using a
custom-written PsychoPy (Peirce et al., 2019) Program. Shape elements of a given composition
were displayed on the left side of a rectangular shape representing the “canvas”. The program
allowed participants to modify position, rotational angle and depth order of each element by using
the computer mouse and the arrow keys on a regular keyboard (see Figure 3 for illustration of the
task). Participants locked in their composition and advanced to the next one by pressing the space-
bar. This procedure was the same for all ten set of stimuli in the “dynamic” and “stable” tasks, yield-
ing 20 compositions from every participant.

In part 2, the 20 compositions of each participant were randomly intermixed with the 10 computer
re-constructed “originals” and presented in four experimental blocks, each with a different rating
question (balance, preference, stability, dynamics). In each block, participants had to indicate their
rating on an attribute for each of the 30 stimuli, for example, the perceived stability by moving a
slider (Figure 3, right).

Upon completing both experimental parts participants filled out an exit survey asking for specific
feedback concerning the experiments (difficulties, problems) and individual artworks. The majority
of participants enjoyed the tasks, they reported to have used “gut feeling” when completing the com-
positions. About half of the participants reported the “stable” composition task to be easier, because
it was perceived to be “unambiguous” and “intuitive” what it meant. Several participants reported
the dynamic composition task to be easier when using multiple elements, than when using a few.
Overall, no major problems were reported.

Apparatus and Software

During the experiments, a participant sat at a table in an illuminated room (daylight) when arranging
the individual compositions and the rating task. Compositions were transferred to a computer using a
custom-written experimental software that uses PsychoPy (Peirce et al., 2019) routines. The
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computer monitor (Display ++4, LCD, Cambridge Research Systems Ltd), was linearized and driven
at a 120-Hz refresh rate. At a viewing distance of 90 cm, the active screen area subtended 42.5
degrees visual angle horizontally and 24.45 degrees vertically and with a spatial resolution of
1920 x 1080 pixels 45 pixels were presented per degree visual angle. Each artwork (canvas and ele-
ments) was proportionally scaled such that it would take up 80% of the vertical space on the monitor.
The position of the observer’s eye corresponded approximately to the height of the screen center.
The software for the rating experiments in part 2 was also written by us using PsychoPy (Peirce
et al., 2019) routines. Stimuli appeared in the same screen position as in part 1.

Analysis

To test whether art-naive participants can create compositions that are dynamic or stable, we assess
in a 3-way analysis of variance (ANOVA) whether participant ratings varied systematically with
their stimulus arrangement task (stable, dynamic (2 levels), artwork (10 levels) and perceptual rating
question (stability, dynamics, balance i.e., 3 levels).

We computed DCM and APB scores for all stimuli, the 20 self-arranged compositions of each par-
ticipant and the ten “original” Suprematist artworks, according to the formulas provided in Hiibner and
Fillinger (2016) and Wilson and Chatterjee (2005), respectively. We converted our stimuli to binary
images, the background or canvas was set to white (1,1,1) and any pixel belonging to a shape element
as black (0,0,0). We also repeated this computation with a weighted-by-pixel-intensity-level approach
(Thémmes & Hiibner, 2018), however, results did not deviate much. We verified our computations of
APB and DCM scores by comparing our values to those provided in Hiibner and Fillinger (2016) for
their Figure 1, bottom row. We categorized original artworks according to three levels of complexity.
As a very rough proxy for complexity we simply counted the number of shapes in a given composition
(as in Hiibner & Fillinger, 2019; Wilson & Chatterjee, 2005), however complexity is arguably much
more than that, for example, see Nath et al. (2023). A low-level complexity artwork contained up to
two shape elements (M1, M2, M3), a medium level up to four elements (P1, M4, M5) and a high level
up to ten elements (P2, K1, M6, M7). For all stimuli, we computed DCM and APB indices as outlined
above, and we also computed separately, the DCM constituents: That is, the horizontal deviation of the
center of mass (HDCM) and vertical deviation of the center of mass (VDCM) distances of the visual
“mass” to the geometrical center of the image. For each complexity level, we correlated all geometric
indices with overall liking and perceptual ratings of our participants, examined the data for consistent
differences in individual preference patterns by further analyzing ratings (“like”) for dynamic and
stable self-arranged compositions, as well as the, on average, most and least dynamic—and most
and least stable rated original artworks. All rating and composition data is available at https://doi.
org/10.5281/zenodo.18258565.

Results

Participants can Create Dynamic and Stable Compositions

Figure 4 depicts the 20 compositions of each participant. Most participants followed the instructions
and were able to create stable and dynamic compositions. For the stable composition task, partici-
pants chose a similar main orientation for the shape elements and often stacked them solidly on top
of each other in the lower part of the “canvas”. For the dynamic composition task, they often rotated
shape elements with respect to the “pictorial frame” and preferred more wide, uneven or asymmetric
distributions. We can quantify these observations by measuring, for each artwork, how much the
orientation of its elements deviated from a cardinal direction (i.e., horizontal/vertical, whichever
was closer). On average, deviations were larger for compositions in the dynamic task (mean=
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Figure 4. Participants’ dynamic and stable compositions with shape elements taken from 10 Suprematist
artworks. For each artwork (see Figure 2) all compositions of the 21 participants are sorted according to the
two tasks as indicated above each column. The majority of participants arranged the positions, orientations,
and distributions of shapes differently when they designed a dynamic and a stable composition. Participants
were quite creative, especially for the dynamic compositions. In rare cases, a participant did not seem to
follow the given instruction, for example, participant no. |, stable compositions. We had divided the black
cross of artwork M5 (see Figure 2) into two equal bars, which inspired some participants to create human-like
figures with two arms showing a more dynamic or a more stable “behavior.” Below each set of compositions
average APB and DCM values are provided (lower numbers indicate a higher balance). APB = assessment of
preference for balance; DCM = deviation of the center of mass.

14.44 degrees) than in the stable task (mean =2.68). This difference was significant, and a 2 (com-
position task: Stable, dynamic)x10 (artworks) ANOVA yielded a significant main effect of compos-
ition task F(1,400) =203.23, p <.0001. There was also a small but significant main effect of artwork
F(9,400)=2.04, p=.034, but no significant interaction. Figure 5 shows the average deviation of
compositional elements for each artwork, for compositions in the stable task (red) the dynamic
task (blue) and original compositions (gray).

Below the compositions in Figure 4, average (across 21 compositions) APB and DCM indices are
provided (as well as in Table Al see Appendix). Overall, both DCM and APB values, tended to be
significantly smaller for dynamic—than stable compositions (DCMpynamic =24.96, SD =15.04;
DCMsaiic =41.21, SD=20.47; tphcm(418)=-9.267, p<.0001 APBpynamic=35.72, SD=11.69;
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Figure 5. Average deviation of compositional elements from cardinal direction. For each artwork, we
computed how much each compositional element deviated from the horizontal or vertical orientation
(whichever was smaller) in degrees. These differences were averaged across all elements (in an artwork). And
the averaged differences were averages across 2| participants. Note, that the shape of an element was
disregarded in this analysis, for example, whether the shape was a circle or a square or a rectangle. Blue bars
show the average deviation for dynamic-, red bars, for stable-, and gray bars for the original compositions.
Error bars are one standard error of the mean. Overall, we can see that the deviation from cardinal was much
larger in dynamic-, than in stable compositions. Original artwork varied in terms of their magnitude of
deviation from cardinal orientations.
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Figure 6. Rating data for participants’ compositions for all ten artworks in two composition tasks. In the

violin plots of the rating data individual participants data are presented by colored dots, white dots denote the
median, and solid horizontal lines the mean. The shape of the violins helps to assess how the rating data is
distributed. Compositions using the shape of individual artworks are represented along the x-axis by their

shorthand as well as a representative participant composition. The y-axis indicates the rating strength for a
given attribute/task (see Methods).

APBgaic =42.83, SD =12.14; tApp(418) =—6.106, p<.0001). In the Appendix, Figure A1 shows
the corresponding average HDCM and VDCM for dynamic and stable compositions.

We next formally assessed whether participants solved the two composition—and rating tasks in
a reasonable way. We expected distinct rating patterns, for example, dynamic compositions should
be rated as more dynamic and stable compositions as more stable. Overall, this appeared to be the
case, as shown in Figure 6: On average, dynamic compositions were rated as more dynamic (M =
0.659, SD =0.283) and less stable (M =0.393, SD =0.317), whereas stable compositions were rated
as less dynamic (M =0.160, SD=0.241) and more stable (M =0.836, SD =0.222). A 2 (arrange-
ment task: Stable, dynamic)x2 (rating question: Dynamic, stable) ANOVA yielded a significant
main effect of rating question F(1,836)=122.26, p<.0001, no main effect of arrangement
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Table I. Correlations between APB and DCM scores and participants’ ratings for stable and dynamic
compositions sorted by three levels of complexity.

AR AT

Dynamics —0.693 1%+  —0.4876***  0.1676* —0.3677***  —0.3132%* 0.2894%*

Stability - 0.3052% 0.1203 0.3875%** 0.3437** —0.3563%%%*
Balance - - 0.0659 0.3404%** 0.328 | ##* 0.3693%+*
Liking - - - —0.0099 —0.0542 —0.0533

Medium complexity: Pl, M4, M5: * ,’,.

Stability Balance Liking APB DCM VDCM
Dynamics —0.6289*** —0.4459***  0.2170% —0.2144* —0.2276***%  0.4058%%*
Stability - 0.6797*** 0.1295 0.1957* 0.2333*%%* —0.32] 8***
Balance - - 0.1291 0.2087+* 0.2473% —0.2715%*
Liking - - - 0.1535 0.0736 —0.0074

Low complexity: M1, M2, M3: g r ’

Stability Balance Liking APB DCM VDCM
Dynamics —0.6869*** —0.5735%%* —0.1620 —0.1890% —0.4598***%  (0,5948%%*
Stability - 0.6723*** 0.0738 0.2788* 0.4253*%%* —0.444 | ***
Balance - - 0.0229 0.2183* 0.3679%+* —0.4274%**
Liking - - - 0.1038 0.0277 0.0196

For artworks of high, low and medium complexity representative dynamic compositions of participants are shown. APB,
DCM and VDCM were computed as described above. Significance is indicated as follows p <.05% p <.001**p <.000 |***, The
VDCM can take on negative and positive values. Note that for the VDCM, a negative correlation with stability means that
arrangements with smaller values of VDCM were perceived as more stable than those with higher VDCMs. We did not
include correlations with HDCM in Table | since these were always non-significant. (See also in the Appendix Figure Al for
average VDCM and HDCM values for each composition, Figure A2 for a graphical overview of the correlation values, and
Table A2 for correlations across all stimuli, not separated by complexity level). APB = assessment of preference for balance;
HDCM = horizontal deviation of the center of mass; VDCM = vertical deviation of the center of mass; DCM = deviation of
the center of mass.

F(1,836)=2.35, p=.126, and a significant interaction F(1,836) = 647.74, p <.0001. The interaction
was the expected outcome here provided the composition tasks had been completed reasonably: We
expected a classic disordinal pattern: In the dynamic task, ratings for dynamics should be high and
for stability low. The opposite pattern should occur for stable compositions. Table Al, in the
Appendix, shows numerical values for mean ratings of stability and dynamics for every
composition.

Preference and Perception of Self-Arranged Compositions

Since we know that the relationships between APB and DCM scores and perceptual judgments var-
ies depending on the number of elements present in an image (e.g., Fillinger & Hiibner, 2020a) we
performed our correlation analysis separately for the three groups of image complexity. Table 1
reveals that, indeed, the relationship between DCM, and APB scores and other perceptual measures
tended to vary with the complexity of the artwork. For example, the positive correlation between
dynamics and liking was strongest for medium complexity stimuli. In contrast, Fillinger and
Hiibner (2020a), found a strong negative correlation between movement and liking for stimuli of
comparable complexity. Table 1 also shows that DCM and APB scores correlated negatively



Braun et al. 13

A . B =g¥anti;ni/ce\r/§rosr:on [ no preference C 1
1 o1,
Lo o} o
° = °
o 0.8 Qo
= S = R
.6 = e 5
S 2'6 S5 *m -
c
=3 -.8.4 1S s &
= =
2 S2 Q 23 Egal |5
= o T 2E EE 92
0 N f£6 >0 | E
‘ o . mo 80 o<
Dynamic Comps. Stable Comps. 1 5 Paltgzipanl #1 5 20

Figure 7. Individual preferences for dynamic and stable compositions. (A) Colored lines represent
composition pairs where the dynamic (blue) composition was more liked by a participant than the
corresponding stable (red) version. The resulting x-shape of the blue and red lines connecting the 10
composition pairs reflects the individual differences in liking of stable and dynamic versions. Gray lines
represent composition pairs with no preference dynamic or stable versions. There are 210 (10 pairsx21
participants) dynamic stable composition pairs (lines) in this plot. The cut-off value for preference was a 0.2
difference between the participant’s liking of a given dynamic and stable compositions. (See text for details.)
(B) Proportion (out of 10) of preferences (liking) for dynamic and stable compositions for each participant, as
well as the proportion of no preference (all three proportions adding up to one). Note, that “no preference”
does not imply acting randomly. Instead, it suggests that stable and dynamic compositions were liked equally.
Colors as in (A). (C) Overall, dynamic self-arranged compositions were liked better than stable compositions
and original artworks (*p <.05, **p <.001). There was no difference in liking between stable compositions and
original artworks.

with dynamics, and positively with stability and balance for stimuli of high- medium- and low-
complexity, again opposite to what had been reported in previous work (although those correlations
did not reach significance in Fillinger & Hiibner, 2020a). Overall, the correlations of all ratings with
VDCM tended to be stronger than with DCM. In general, and across all complexity levels, correla-
tions between dynamics and VDCM and stability were positive, and negative, respectively, however
was strongest for compositions of medium complexity. Interestingly, and in contrast to mentioned
earlier work, neither DCM, nor VDCM, nor APB scores correlated with the amount of liking for any
of the complexity levels. The overall somewhat weaker correlations of APB and DCM with ratings
—compared to previous research—may be in part due to the substantial variability of APB and
DCM indices in the self-arranged compositions across observers.

Some Participants Prefer Dynamic Compositions

Given the diversity of like rating data (Figure 6) we suspected that participants might differ in their
preferences for composition “types.” If true, we would expect that participants who prefer dynamic
compositions, do not like stable ones and vice versa. To test this idea, we compared liking between
stable and dynamic self-arranged compositions. Figure 7A shows all participants’ liking scores for
all dynamic and stable composition pairs (e.g., for M1, M2 etc). We quantify a preference for
dynamic compositions to be a rating difference of at least 0.2 for a dynamic—stable composition
pair (e.g., M1). If this difference passes the cutoff and is positive, the participant is labeled for
this composition as having a “dynamic” preference, if this difference is negative and passes the cut-
off, as having a stable preference for this composition. Figure 7A shows liking for dynamic and
stable version of a composition, where the two liking scores of individual participants are connected
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Figure 8. Rating data for the ten original suprematist compositions. As in Figure 6 colored dots correspond
individual participants’ data, white dots denote the median and solid horizontal lines the mean. Along the
x-axis data for the individual artworks are represented as small images and by their shorthand. The y-axis
indicates the rating strength for a given attribute/task (see Methods).

with a line. Dynamic preferences for a given composition are colored in blue (i.e., a blue line), and
preferences for stable compositions are colored in red. No preference pairs are colored light gray,
that is, those that did not pass the cutoff value. Figure 7A shows an “X” shaped pattern in this overall
preference plot, which suggests that there may differences in how participants prefer stable and
dynamic compositions, conversely, it could also mean that certain artworks are preferred as
dynamic/stable version.

To tease these two possibilities apart we need to quantify how consistent participants are in their
preferences across all ten compositions pairs. To this end, we computed the number of times a par-
ticipant preferred stable over dynamic (red) or vice versa (blue) for the ten dynamic-stable compos-
ition comparisons and plotted these numbers as bars in Figure 7B. Blue bars denote a preference for
dynamic compositions, red bars for stable ones, gray bars for no preference. As can be seen, several
participants tended to have a preference for either the stable or dynamic version of a compositions,
for example, 11 participants (no. 1, 3, 8,9, 10, 11, 13, 14, 15, 17, 20) for dynamic and three parti-
cipants (no. 7, 11, 16) for stable arrangements. Seven participants (no. 5, 6, 18, 19, 21) had no, or
only a weak preference for one of the composition types.

Preference and Perception of the 10 Original Suprematist Artworks

We repeated the above set of analyses for ratings of the original artworks. Figure 8 shows that par-
ticipants’ ratings varied across artworks and tasks. A 10 (artworks)x4 (rating task: Dynamic, stable,
balance, like) ANOVA supports this interpretation yielding a main effect of artworks £(9,800) =
2.11, p=.026, rating tasks F(3,800)=53.28, p<.001, and an interaction F(27,800)=8.32, p<
.001. The interaction underlines that the patterns of ratings vary as a function of artwork: Some art-
works are rated as more dynamic and less stable/balanced (e.g., M6), whereas others are rated as less
dynamic and more stable (e.g., M5). While individual ratings in the rating tasks (dynamic, stable,
balance) seem to be somewhat clustered around values, “likings” appear to be, again, broadly dis-
tributed, which suggests that there was not much agreement between participants on whether they
liked an artwork or not. Overall, original artworks were liked less than self-arranged compositions
(Moriginai=0.481, Maynamic = 0.595, Myapie =0.5211). A 3 (original, dynamic, stable)x10 (artworks)
ANOVA vyielded a significant main effect of composition F(2,600) =8.647, p =.0002, for post hoc
comparison results see Figure 7C), no main effect of artwork and no interaction.

Table 2 shows that the relationship between ratings and geometric indices varies substantially
with the complexity of the artwork, and more so than in Table 1. For example, the correlation
between stability and DCM is negative for high complexity artworks, is positive for those of
medium complexity and insignificant for artworks of low complexity. Only two relationships



Braun et al. 15

Table 2. Correlations between APB, DCM scores and ratings of original suprematist artworks sorted by
complexity.

Dynamics —0.3506* —0.1007 —0.0078 —0.0699 0.1649 —0.0265
Stability - 0.3052% 0.4607*** 0.2707* —0.2625* —0.1476
Balance - - 0.0976 0.1954 —0.1015 —0.1609
Liking 0.0686 —0.1028 -0.0177

Medium complexiy: P1, M4, Ms: | B

y.

Stability Balance Liking APB DCM VDCM
Dynamics —0.4081**  —0.3928**  0.2055 —0.4576**  —0.4676%*  —0.4240%*
Stability - 0.5454*%* 0.333%* 0.2855* 0.2616* 0.3025*
Balance - - 0.1522 0.2074 0.1562 0.2626*
Liking - - - —0.1052 —-0.1291 —-0.0702

, ] 0

Low complexity: M1, M2, M3: - ,., l

Stability Balance Liking APB DCM VDCM
Dynamics —0.4522*%  —0.1172 —0.1416 0.2907* 0.2538* 0.1253
Stability - 0.3695%* 0.1013 —0.1820 —0.1807 —-0.1270
Balance - - 0.1761 —0.1966 —0.2048 —0.1584
Liking - - - —0.1113 —0.1380 —0.1388

Shown are the correlations as in Table 2, here for original Suprematist artworks of high, low- and medium-complexity. APB,
DCM and VDCM were computed as described above. Significance is indicated as follows p <.05% p <.001** p <.000 | ***,
Overall, the relationship between DCM and APB indices and the ratings varies substantially with the complexity of the
artwork. Only for stimuli of medium complexity balance and dynamics correlated negatively and significantly. DCM indices
correlated negatively with stability for artworks of high complexity and positively with those of medium complexity. They also
correlated negatively with dynamics for medium complexity artworks and positively for low complexity artworks. APB
indices correlated positively with stability for high and medium complexity artworks but not for low complexity artworks.
APB indices also correlated negatively with dynamics for stimuli of medium complexity and correlated positively with
dynamics for low complexity stimuli. Liking correlated positively with stability only for high- and medium-complexity
artworks. In the Appendix, Figure A3 provides a graphical overview how correlations change across complexity levels. Also
see Table A4 in the Appendix for correlations across all stimuli (not separated by complexity level). APB = assessment of
preference for balance; VDCM = vertical deviation of the center of mass; DCM = deviation of the center of mass.

remained unchanged across complexity levels: The negative correlation between dynamics and sta-
bility, and the positive correlation between stability and balance. Also unchanged across complexity
level was, that liking and balance did not correlate with each other and neither with the geometric
indices. This is further illustrated in Figure A4 in the Appendix, in which ratings are color-codes by
complexity group and plotted as a function of DCM and APB. The lack of structure in the data is
apparent and suggests that the geometric indices only partly relate to overall ratings and liking, and
that large individual differences in perceptual assessments and liking exist.

Individuals Have Different Compositional Preferences

Given the diversity of liking data for the original Suprematist compositions we suspected that par-
ticipants might again differ in their compositional preference. If true, we would see that participants
who prefer dynamic compositions also do not like stable ones and vice versa. To test this idea we
picked, based on the average ratings (Figure 8), the most and least dynamic (M6: 0.788, M4: 0.325),
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Figure 9. Individual preferences for dynamic and stable artworks. (A) Participants with a preference for
dynamic compositions are represented with a blue line, those for stable compositions with a red one.
Numbers refer to specific participants. Participants without a strong preference are represented with gray
lines. The cutoff value for preference was a 0.2 difference between the participant’s liking of the most (M6)
and least dynamic (M4) Suprematist artwork (See text for details.) (B) Preferences (liking) for the most (M5)
and least stable (M7) artworks are shown. Colors and symbols as in (A). (C) Bar length corresponds to
consistency score in preference. Red and blue colors denote preferences for stable and dynamic compositions,
respectively. Gray means no preference. Each bar stands for a single participant identified by a number.
Remember that for this analysis we consider like ratings for 2 “pairs” of stimuli. A blue bar of length | means
that the participant consistently preferred the more dynamic and less stable compositions in (A) and (B),
respectively (i.e., 2/2). A red bar of length | means that the participant consistently preferred the more stable
and less dynamic compositions in (A) and (B), respectively. Bars of length 0.5 mean that the participant
preferred the more dynamic (blue) or stable (red) composition in one set (e.g., A or B) and showed no
preference (gray portion of the bar) in the other. Bars that are half blue and half red indicate that this
participant switched preference. (D) Formal assessment of randomness of preference patterns across all
stimulus pairs: 10 dynamic-stable self-composition pairs + 2 original stable-dynamic pairs. Any gray, red, or
blue portion of the bar exceeding the threshold of 0.58 suggests that this person’ preference was significantly
different from random (marked with a “+”). Participants’ whose proportion of preference for one
composition type (stable or dynamic) was significantly (about 6 times) larger than that of the other
composition type (stable or dynamic), are marked with a “o0.” Participants with no markings above the bar
indicated their preferences not different than a random observer. See text for details.

and the most and least stable artworks (M5: 0.559, M7: 0.137, see also Table A3 in the Appendix for
means of all artworks), and compared liking patterns for those. In Figure 9, liking patterns are plot-
ted for all observers for the most and least dynamic rated (panel A) and the most and least stable
rated artworks (panel B). We use again the same color-code as in Figure 7 and plot the data of par-
ticipants preferring stable compositions in red and data of those preferring dynamics ones in blue. As
before we use the same cutoff difference of 0.2 and assume that a “stable preferring” participant
should prefer stable compositions by at least 0.2 over dynamic compositions and “dynamics prefer-
ring” participants should prefer dynamic compositions over stable ones. Inspecting Figures 9A and
B we see, again, differences in preferences between participants as evident by the “x” pattern in the
plot, for the most-least dynamic, and most-least stable rated stimulus pairs, respectively and
Figure 9C reports the proportion dynamic or stable preferences for each participant. Seven partici-
pants stayed perfectly consistent (bars with height 1), 11 had a preference only for one of the stimu-
lus pairs and were labeled “indifferent” in the other (bars half colored, half gray). One participant
(21) had no preference (gray bar with height 1) and two participants (7 and 18) were inconsistent
in their preference (bars half red and half blue), for these stimulus pairs.

But are these preference patterns for self-arranged and original compositions just random or sys-
tematic? To formally test this, we simulated an observer whos’ liking setting would vary according
to a uniform random variable of the interval [0 1], that is, completely independent of what the actual
stimulus is. Similar to our experiments, we obtained 12 paired simulated like values from our
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random observer (in the experiment: 10 pairs for self-arranged compositions, 2 pairs from the ori-
ginal compositions). Then, as in the analysis of the real data, we computed the differences between
simulated like values of a given pair, compared it to a cutoff (0.2), noted the preference (option 1
or 2 in a given pair) and counted the number of preferences for option 1, option 2, and number of
no preferences. We repeated this simulation 100,000 times and recorded for each the three preference
counts (1, 2, no). This will yield three distributions of preference counts as they occur for a
random-acting observer (See Appendix Figure A6). These are approximately normally distributed,
and the means tell us, how often, on average, a random observer prefers option 1, option 2, or has
no preference. We can also determine extreme values, for example, those that are extremely unlikely
to occur for a random observer—such as those in the 5% tail of the distribution. This is simply
achieved by sorting the counts for each preference option (1,2, no) according to size and then find
the value of the 95th percentile. If a given measurement exceeds that value, it means we can be
95% confident that it did not occur due to chance. In our simulation that value was 0.583. In
Figure 9D, where preference proportions for each observer are shown, we labeled the cases with
such clear preferences with an “+.” Those with a gray “+” have no preference (5,6,10,12,18,21),
that is, they like dynamic and stable compositions equally (much or little), those with a red or blue
“4+” have a clear preference for either stable (11,16) or dynamic (13,14,20) compositions, respectively.

Next, we also determined a threshold for the ratio of preferences. The goal was to understand, that
even if preferences for dynamic and stable did not exceed the above cutoff, whether the proportion
of stable-dynamic preferences exceeded the threshold for randomness. To this end we computed the
ratio of the larger proportion preference to the smaller proportion preference. Then, as above, we sort
the resulting distribution of ratios and determine the value corresponding to 95th percentile. This
value was 5.994, meaning that the preference of one option over the other had to be six times as
much to be significantly different from random. The preference for dynamic compositions of four
observers (3,8,9,17) exceeded this value are marked with a blue “0” in Figure 9D. This leaves
six observers (1,2,4,7,15,19), for which we cannot reject the possibility that their indicated prefer-
ences followed a random pattern.

Discussion

Summary

We investigated with two interactive tasks and artworks of the Suprematist movement whether the
relationships between perceived stability, dynamics, and liking in self-arranged compositions vary
across complexity levels for art-naive participants. First, we asked participants to create composi-
tions that either appeared stable or dynamic to them. The materials used for the tasks consisted
of simple geometric colored shape elements and their background “canvases” taken from ten ori-
ginal Suprematists’ artworks. In subsequent rating experiments containing both original and self-
arranged compositions, participants rated how dynamic, stable, and balanced they perceived the
compositions and how much they liked them. We found that participants are able to create dynamic
and stable compositions and are quite consistent with respect to their individual preferences and rat-
ing behaviors. Participants had a sense for the composition types and rated their stable compositions
as predominantly stable, their dynamic compositions as predominantly dynamic and liked their self-
arranged compositions more than the original Suprematist artworks. For self-arranged compositions
the number of shape elements present in the composition only weakly modulated correlations
between the ratings of dynamics, stability, and balancedness, and liking and geometrical measures
for balance. For all three levels of complexity, APB and DCM indices correlated positively with per-
ceived balance and stability and negatively with perceived dynamics, a pattern different to that
reported in the literature (Fillinger & Hiibner, 2020a). For the original Suprematist artworks we
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found that correlations between the three ratings, liking and geometrical indices changed substan-
tially across complexity levels, even changing sign, and overall, no relationship between DCM
and APB indices and perceived balance, stability and dynamics was found. One striking result
was the lack of consensus between participants how much they liked their self-arranged and the ori-
ginal compositions. We hypothesized that this spread in liking scores might be due to individual
differences in preference for stable or dynamic compositions. An analysis of rating patterns revealed
individual preferences for several participants with a large group preferring dynamic compositions.

Participants Have a Sense of Overall Compositional Quality and are Able to Create
Dynamic and Stable Compositions

With an interactive approach, we wanted to investigate the concepts of stability and dynamics in
compositions. For our study, we selected 10 artworks from the Suprematist movement and tested
21 art-naive participants What makes this art so fascinating, is its strong reduction to just few shape
elements colored with a very limited range of hues. This extreme reduction of elements and colors
allows to investigate a lay person’s sensitivity for different compositional aspects such as effects of
shape arrangements within a pictorial field. Minimalistic changes of the position or orientation of a
single shape or few shapes within the pictorial field can give rise to very different impressions of the
composition, to the perceived balance and whether the composition evokes a more static or dynamic
impression (e.g., Figures 1 and 4). In order to make such an open-ended, potentially difficult task
feasible to art-naive participants—without having to create actual paintings—we provided them
with the basic elements of a composition, that is, different numbers of colored shape elements
that had to be arranged on a background of a certain size and color—all taken from a corresponding
original Suprematist artwork. Participants enjoyed the composition tasks, tested the effects of differ-
ent shape arrangements and potentially emulating the process of “creative pains” artists have to go
through to find the “perfect” positions and orientations for elements of the composition. However, in
our experiment the tasks for our participants were much simpler: Not perfection was the goal but a
stable or a dynamic composition for the elements of ten artworks of different complexity.

Inspecting participants’ arrangements in Figure 4, and also ratings of these compositions
(Figure 5), shows, that most participants performed these tasks reasonably well. Dynamic composi-
tions were rated on average to be more dynamic than stable ones and stable compositions were rated
as more stable than dynamic ones. However, ratings for stable compositions tended to be closer to
the extreme point of the rating scale (i.e., closer to 1) than ratings for dynamic compositions. This,
and also the increased variance in ratings for dynamic arrangements might suggest that creating
stable compositions might have been an easier task for our participants. In other words, the concept
and/or sense of stability might be more straight-forward and more similar between participants than
the concept and/or sense of dynamics. Consistent with this, several participants reported in the exit
survey that they indeed perceived the stable task to be “easy” and “intuitive.”

In Figure 4, we also see that stability was interpreted as some kind of gravitational stability.
Participants frequently “built up” their shape arrangements from the bottom of the backgrounds, cul-
minating in “stacked” and often symmetric compositions. This is a quite reasonable approach, as
many artists, for example Rothko, Klee, Hoffmann created very stable compositions that indicate
no dynamics or movements by arranging the main orientation of shaped contours or color fields par-
allel to the lower border of the canvas. Symmetry is a common and important way to produce bal-
ance in nature, and symmetric compositions are perceived as balanced (Eisenman & Gellens, 1968;
Fillinger & Hiibner, 2020a; Hiibner & Thommes, 2019).

Not only position and orientation but also the color of the shape elements may modulate how
dynamic or stable a composition is perceived. For example, McManus et al. (1985), using abstract
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displays of one or two colored squares (red, green, or blue), found that there were also significant
interactions of position with color, with red affecting balance the most and while blue the least.
Locher et al. (2005) found such effects of color when comparing perceived balance in Piet
Mondrian’s original abstract paintings versus variants with interchanged colors. Observers judged
the originals to be balanced near the center and to be more balanced than the color variants.
Based on judgments of “balance center,” the perceived weight of a shape varied as a function of
its size and color, with red being perceived as heaviest, blue intermediate, and yellow lightest
(Locher et al., 2005). While we did not vary color systematically nor analyzed this formally, inspect-
ing the stable self-arranged compositions we see that the size of a shape element more strongly
affected the choice for its position in the composition than color. In most compositions larger ele-
ments tended to be placed near the lower edge of the canvas, creating some kind of basement on
which smaller elements were stacked. Consequently, we find “lighter” yellow/orange at base posi-
tions (M4, M6) and red elements at the top (M1)—which visually should evoke some kind of
imbalance.

Stacked, symmetric arrangements, as we see them for the stable composition task also led to
asymmetries in the vertical direction, and consequently, to larger VDCM (Figure A1), DCM, and
APB values. For dynamic arrangements, participants rotated shape elements and created wider,
more uneven compositions. These arrangements were rated as much less balanced than stable
ones, yet, because of the spread of elements APB, and DCM values tended to be significantly smal-
ler for dynamic compositions than for stable ones. This suggests that, in a numerical sense, dynamic
compositions were more balanced than stable ones. Yet, the more stable a composition appeared, the
more balanced it was rated by the participants (Tables 1 and 2, Appendix Table A1). This result con-
tradicts the idea of an objective geometric measure of balance (e.g., Wilson & Chatterjee (2005) and
Hiibner & Fillinger (2016)) and shows instead that APB and DCM indices, which are mainly mea-
sures of pixel distributions in relation to the cardinal axes or the center of the image (and thus are
related to the concept of “mechanical balance™), do not fully capture all concepts of perceptual bal-
ance, such as the sense of stability (also see Fillinger & Hiibner, 2020a, p. 2020b; Hiibner &
Fillinger, 2019). The negative correlation of perceived stability with the VDCM (Table 1), and
the strong positive correlation between perceived balance and perceived stability support this
interpretation.

It is interesting to note, that for original Suprematists’ artworks the relationships between the geo-
metric indices and ratings change even more across complexity levels: They change strengths and
even in sign and/or become non-significant. For example, the correlation of APB and indices with
perceived stability is negative for high-, positive for medium-, and absent for low-complexity com-
positions. Modulations of the relationship between perceived compositional qualities such as bal-
ance, stability and dynamics and image-computed indices of balance have also been reported in
earlier work (e.g., Fillinger & Hiibner, 2020a).

This suggests that the geometrical indices are not particularly sensitive to subtle balance differ-
ences as they might exist in the original artworks, but instead capture more coarse aspects of com-
positions. In our study the participant’s compositions were created with two very distinct goals:
Achieving a stable vs. achieving a dynamic composition with the same shape elements, yet perhaps
our range of stimuli (in terms of number of elements and colors) was much more varied than the set
used by Fillinger and Hiibner (2020a) which might explain discrepancies between our findings and
theirs.

Also, the relationship between perceived dynamics, stability and balance varied with the number
of shape elements used in a composition. For example, we found that the correlation between sta-
bility and balance was about half as strong for high- and low-complexity artworks than that for those
of medium complexity. This suggests that participants might have used somewhat different criteria
to assess balance for compositions with many or very few shape elements, or the task was too
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difficult for them, for example, participants could not achieve a stable composition that also
appeared balanced to them.

Aesthetics Preference and the Perception of a Composition

Self-arranged dynamic compositions were overall more liked by the participants compared to their
stable compositions, and the correlations between liking and dynamics were positive for composi-
tions of medium and high complexity. These were liked more, the more dynamic their compositions
were perceived. These relationships between liking and dynamics, and liking and stability were
absent for compositions with just one or two elements. In contrast to this, Fillinger and Hiibner
(2020a) found that for compositions with few elements, the more balanced and stable a composition
was perceived, the more it was liked. For more complex artworks, they found, like us, a positive
correlation between liking and movement, however, their correlation was much stronger (.549 vs
.1676 (here)). Fillinger and Hiibner (2020a) suggested that participants evaluated complex compo-
sitions that implied motion differently than those that didn’t, for example, instability associated with
gravitation was not liked, whereas instability associated with movement was liked. Our results con-
firm, that this is especially the case if more shape elements are present in a composition. Our parti-
cipants differed in their preference for dynamic over stable arrangements. Strikingly, not only do
most of the participants have a certain preference (Figures 7 and 9), but these preferences are rather
stable.

For the original Suprematist artworks, however we do not find a relationship between liking and
dynamics for any of the three levels of complexity, despite having the same number of shape ele-
ments, colors, and backgrounds and even though quite a few of the compositions were rated as
dynamic (Figure 8). Instead, participants liked a composition more, the more stable they perceived
it (Table 2)—especially for artworks of high and medium complexity. The fact that we don’t find
strong correlations between any of the perceptual measures and like is not surprising given the large
spread of liking data for dynamic, stable compositions and original compositions (Figures 6 and 8§,
right most panels). One may conclude that this art is not exactly every one’s cup of tea. However, we
suspected and tested the idea that the spread in liking could mean that participants might consist of
subgroups that differ in their aesthetic preferences.

Where might such preferences come from? Although we tested only non-experts different prefer-
ences may be explained by some kind of training. For example, while many studies found that peo-
ple in general prefer symmetrical and complex stimuli more than asymmetrical and simple ones
(Gartus & Leder, 2013; Hofel & Jacobsen, 2007; Jacobsen & Hofel, 2002; Tinio & Leder, 2009),
Leder et al. (2019) compared the beauty ratings of art experts and non-experts with stimuli of
Jacobsen and Hofel (2002) that varied in symmetry and complexity and found that experts rather
preferred simple and asymmetric stimuli, thus expertise and training in art can change perceptual
preferences and aesthetic appreciation. Participants in our study were not art experts and general pat-
terns of complex over simple compositions were not apparent, therefore other factors than training
should account for why individuals differ in their aesthetical preferences. It has been shown for
example, that aesthetic preferences might be linked to the specific art and topic, as well as individual
life-times experiences and even differences in neural make-up (Eysenck, 1940; McManus, 1980;
McManus et al., 1981; Palmer et al., 2013; Van Geert & Wagemans, 2020; Vessel et al., 2018;
Williams et al., 2018). To uncover these links remains the subject of future study.

Conclusions

Using works of the Suprematist artist and an interactive experimental approach we investigated what
art-naive-people understand when creating a stable and a dynamic composition. We found that non-
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experts can do these tasks and we discovered consistent individual differences in the preferences for
stable and dynamic compositions that were reflected in the ratings of self-arranged compositions and
the original artworks. The existence of such individual differences should be factored in when asses-
sing “liking” in studies of empirical aesthetics.
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Kazimir Severinovich Malevich (Malevych) founded together with a group of mainly Russian artists
including Liubov Popova, Lazar Khidekel, Aleksandra Ekster, Olga Razanova the art movement
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Table Al. Mean ratings for participants’ self-arranged compositions.

Mayoamic 0623 0708 0739 0578 0515 0629 0700 0648 0734 0714
SDaynamic 0272 0208  0.185 0378 0317 0308 0269 0324 0287 0298
M.eabiiey 0434 0304 0339 0323 0519 0421 0398 0317 0339 0483
SD.cabiiey 0343 0266 0256 0310 0308 0363 0303 0333 0324 0342
Moaance 0466 0321 0374 0424 0464 0414 0397 0350 0440 0415
SDpaiance 0330 0338 0310 0335 0230 0328 0301 0327 0362 0310

Miiing 0.633 0502 0.589  0.652 0.620 0567 0644 0475 0.574 0.690
SDjiking 0.254  0.301 0234 0.258 0292 0307 0280 0222 0272 0.168
APB 4485 19.62 3978  29.34 2152 4374 3837 3999 3624 4209
DCM 2831 13.88 2430 2111 12.67 2697 2956 33.11 2672 3568
Stable MI M2 M3 P M4 M5 P2 K1 Mé m7

+ b i = AR R o & ¢

Maynamic 0.155 0.068 0203  0.155 0.128 0.137 0208 0.171 0.135 0.241
SDgynamic ~ 0.294  0.097 0287  0.254 0241 0235 0.189 0257 0237 0.266
Mgeabitiey 0914 0.853 0.871  0.852 0887 0831 0782 0775 0.849 0.747
SD;¢abilicy 0.134 0202 0.162  0.191 0.188 0.199 0242 0278 0.268 0.291
Mbiaiance 0.838 0.860 0.828 0.80I 0792 0822 0749 0749 0779 0711
SDpalance 0.251  0.228 0232 0287 0332 0235 0304 0310 0323 0304

Miiing 0514 0.482 0464 0475 0582 0600 0526 0456 0.542 0.571
SDjiking 0334 0291 0255 0.338 0324 0307 0258 0241 0350 0.300
APB 51.97 2454 44.63  35.62 2436 5346 4840 49.71 5093 5093
DCM 46.97  26.05 42.00 3563 19.73  46.14 5535 5474 4347 528l

Shown are mean ratings and corresponding standard deviations for the DYNAMIC and STABLE compositions with shape
elements of ten suprematist originals. Overall, compositions created with instruction to produce a dynamic arrangement
were rated as more dynamic and less stable, compositions created with the instruction to produce a stable arrangement were
rated in the opposite way. Dynamic compositions of low and high complexity tended to be rated slightly more dynamic
(range: 0.623-0.739) than those of medium complexity (range: 0.515-0.629). APB and DCM are average values for
DYNAMIC and STABLE self-arranged compositions. For APB and DCM, lower numbers indicate higher balance (possible
range: 0%—100%). Stimuli are represented by the shorthand of the corresponding artwork and a representative participant
composition. DCM = deviation of the center of mass; APB = assessment of preference for balance.

Table A2. Correlations between preference for balance (APB) and DCM and ratings of participants’ stable
and dynamic compositions.

Dynamics —0.6750%**  —0,5030%%*  0.1883**  —0.2219%%F  —0.2816%*** 0.3733%%*

Stability - 0.6292***  0.1014* 0.2568%**  0.2938%** —0.3464%**
Balance - - 0.0672 0.2293%**  0,2794%** —0.3373%**
Liking - - - 0.1048% 0.0374 —0.0384

APB, DCM, and YDCM were computed as described above. Significance is indicated as follows p <.05% p <.001** p <
.0001***, Shown are the correlations between APB and DCM (VDCM) scores and the four perceptual judgments, across
the two tasks including all compositions. In the overall correlation analysis of self-compositions, ratings and APB and DCM
scores for stable and dynamic compositions for each observer were included, resulting in 20 (10 artworks for each 2
composition tasks) x 21 (observers) pairs of points (i.e. N=420) per correlation. We find overall positive correlations
between liking and stability, liking and dynamics, balance and stability, between DCM and balance, negative correlations
between balance and dynamics, stability and motion (dynamics), and no significant correlation between liking and balance,
and DCM scores and liking. Overall, the correlations of perceptual measures with the DCM and APB scores reached
significance, suggesting that they indeed capture aspects of how balanced, dynamic and stable these compositions are
perceived by our participants. DCM = deviation of the center of mass; VDCM = vertical deviation of the center of mass;
APB = assessment of preference for balance.
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Figure Al. Horizontal and vertical deviations from the center of mass for self-arranged compositions and
original artworks. The top panel shows the average deviation from the center of mass in the horizontal
direction ((-) left to (+) right), the bottom panel average deviation from the center of mass in the vertical
direction ((-) bottom to top (+)). For stable compositions (red bars) we see marked deviation towards the
bottom half of the picture, since for this task participants tended to place elements into the lower half of the
canvas. Also see Figure 4 in the main text. Deviations in the horizontal direction were not pronounced in
either stable or dynamic compositions (blue bars). For original artworks deviations in the horizontal and
vertical direction were not pronounced (gray bars).
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Figure A2. Correlations for self-arranged compositions across complexity levels. The graphical overview of
correlations of ratings for self-arranged compositions illustrate how correlations change across complexity
levels presented in Table | in the main text. The four rating tasks (how dynamic, stable, balanced, likable) and
the two computational measures for balance (APB, DCM) are color coded: That is, correlations with dynamic
ratings are shown in blue, correlations with stability ratings in red, balance ratings in green and liking in yellow.
The three levels of complexity as determined by the number of elements in each composition are indicated by
the position and by the brightness of the colors: The brightest color indicates a highest and the darkest the
lowest complexity. Correlations are plotted as bars. Significance is indicated as follows p <.05% p <.001**p <
.0001**%*, Values of correlations correspond to values presented in Table | in the main text. DCM = deviation
of the center of mass; APB = assessment of preference for balance.
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Overall correlations of ratings, APM and DCM for low-high complexity for original artworks
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Figure A3. Correlations for original suprematist artworks. (A) The graphical overview of correlations of
ratings for original artworks illustrate how correlations change across complexity levels. Correlations are
plotted as bars, and correspond to the numerical values presented in Table 2 in the main text. The four rating
tasks (how dynamic, stable, balanced, likable) and the two computational measures for balance: APB and DCM
are color coded: That is, correlations with dynamic ratings are shown in blue, correlations with stability in red,
balance ratings in green and liking in yellow. The three levels of artwork complexity are indicated by the
position and by the brightness of the colors: The brightest colors indicate high—and the darkest colors the
lowest complexity. Significance is indicated as follows p <.05% p <.001** p <.0001***, Values of correlations
correspond to values presented in Table 2 in the main text. DCM = deviation of the center of mass; APB =

assessment of preference for balance.
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A Individual 'dynamics' ratings as a function of DCM
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Figure A4. Rating results for original suprematist artworks. The correlations between APB/DCM and the
ratings are mixed and often non-significant. To understand why that might be the case we created scatterplots
that illustrate how overall ratings vary as a function of DCM and APB values and level of complexity. We also
visualize individuals’ rating as a function of artwork DCM/APB value (individuals are represented by a colored
line that connects their ratings for the artworks). It is evident from these plots that there is much variability
among participants in how a given artwork is judged, that the relationship between perceived attributes and
DCM/APB changes as a function of complexity level, that within a complexity group (see Figure 2), DCM/APB
values vary widely. (A) Shows results for “dynamic” ratings. (B) Results for “stable” ratings. (D) Results for
“balance” ratings. (E) Results for “like” ratings. DCM = deviation of the center of mass; APB = assessment of

preference for balance.
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Figure A5. Simulation of an observer that makes “like” settings in a random fashion. For a given pair of
options this observer sets its preferences according to a uniform random variable. If we take the difference
between any 2 random preference settings, a certain proportion of the data will exceed the cutoff of 0.2 (if
option | is preferred), —0.2 (if option 2 is preferred), and a certain proportion of the data will not exceed the
cutoff (no preference). We simulated 12 such differences (as in the experiment, see text for details), noted
the three proportions (1,2, no) and repeated this 100,000 times, yielding three distributions of proportions
(A,B,C). Each distribution was then sorted and the value corresponding to the 95th percentile determined
(vertical dashed red line). If in the actual data we find proportions larger than this cutoff value we reject the
idea that the sample was generated by an observer that acted randomly. (A) Frequency distribution of the
proportions of option | preferred. (B) Frequency distribution of the proportions of option 2 preferred. (C)
Frequency distribution of the proportions of neither option preferred.

artistic feeling” and it was meant to be in sharp contrast to constructivism and materialism. In
December 1915, the first actual exhibition of Suprematist paintings called “0.10” was shown in
Petersburg including 35 paintings by Malevich. The first painting on Malevich’s list in the catalog
of the exhibition was an oil painting showing only a large black square on a quadratic white canvas
(Figure 1, left). This painting represented the most radical abstract artwork painted so far and it
became a landmark in the history of art. In his book “The Non-Objective World,” published
1927 Malevich wrote: “In the year 1913, trying desperately to free art from the dead weight of
the real world, I took refuge in the form of the square.”
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