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ABSTRACT

Aesthetic judgement plays a key role in many aspects of everyday
life, judging an object to be aesthetically pleasing often heightens
the pleasure and enjoyment derived from that object. One area
where this applies is artwork, where most genres and styles of art
heavily rely on being considered aesthetically pleasing. It has been
shown that an aesthetic judgement of a piece of art combines many
different aspects, all contributing to the assessment. Identifying and
understanding these aspects for 2D images has been extensively
investigated, however, 3D items have not been considered to the
same degree. In this paper, we investigate which aspects contribute
to the aesthetic judgement of 3D virtual sculptures, using a gamified
approach within a custom VR environment. Participants were able
to express which aspects contributed to their assessment of the
virtual sculptures. We found that some stalwart 2D aspects, such
as complexity and order, are not as highly important for 3D items,
being replaced by other characteristics such as how dynamic the
sculpture appeared.
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1 INTRODUCTION

Aesthetic judgement is a multi-faceted process with innumerable
aspects contributing to the assessment [18], [22], [35], [41]. The
judgement itself relates to whether an individual likes a certain
item, it transcends both traditional viewpoints where an aesthet-
ically pleasing piece of art is also considered beautiful and other
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perspectives where the beauty of the item is entirely unrelated. On
both sides, the judgement remains the same and concludes with
whether the item being judged is liked or not, with only the as-
pects contributing to the judgement differing. Some aspects, that
contribute to aesthetic judgement are relatively well-known such
as the order and complexity [7], [13], [20], however, many of the
aspects are left in relative obscurity. One common problem with
identifying these aspects is that it can be difficult for someone to
articulate why they find a piece of art aesthetically pleasing. Whilst
this process becomes easier with practice, a higher level of expertise
in art can influence how items are judged [23], [30]. Experts can
provide a wealth of information, however, without gaining further
knowledge on which aspects contribute to aesthetic judgement the
aesthetic judgement process is difficult to fully model.

Whilst non-experts may find describing their judgement more
difficult, aesthetic judgement still occurs, they will still like or
dislike an object. Currently, experts are often used to help model
the aesthetic process, however, to truly understand the process,
nonexperts and everyone in-between need to be included in the
model, paving the way for computer systems which can generate
artwork that appeals to a wider variety of people, expanding the
reach, impact and potential uses these systems can have.

One way to approach modelling aesthetic judgement is to start
by determining which terms are commonly used to describe art-
work, rather than starting with the creation of the artwork itself.
These terms are the natural way to describe artwork and aesthetic
concepts and provide an entry point for people who are less famil-
iar with describing artwork to describe what contributes to their
aesthetic preferences. Finding which terms are used by non-experts
provides a good starting point for understanding the aesthetic
judgement process, eventually enabling the creation of artwork
applicable to a wider range of people.

As more aspects contributing to aesthetic judgement have been
identified, it will be possible to map which attribute or combination
of attributes, when applied to a piece of art, will contribute to the
artwork exemplifying the selected term.

Some of the difficulty of formalising the aspects lies with the dif-
ferences between the computational understanding of these terms
compared to how they are understood by humans. Computational
approaches generally look at attributes which are easily understood
by computers, often visual aspects that are easy for a computer
to process, such as symmetry [2] and a variety of statistical anal-
yses such as contrast [25] and naturalness [1]. This is not to say
more complex aspects have not been investigated, for example,
aspects like ethical considerations [9], [41], but the computational
interpretation will not necessarily reflect the human understanding
of the same term and generally does not allow for ambiguity in
terms. As an example, the term complexity could relate to a piece
of artwork having complex emotional content or complex subject
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matter as well as visual complexity such as multiple colours, lines
and shapes [26]. This indicates why a disparity exists between the
human judgement and the analogue followed by auto-generation
systems. Attempting to solve this disparity forms an important
part of the auto-generation of aesthetically pleasing artwork and
while this disconnect remains, it will be difficult for any generation
system to reliably create aesthetically pleasing artwork.

Other approaches to the subject of aesthetic judgement concern
themselves with the human understanding of the process and some
cross-over between these and computational approaches do ex-
ist [17], but are under-utilised, requiring further investigation to
merge the two different understandings of aesthetic judgement. We
present an initial step towards merging the two approaches.

In the remainder of this paper, we first look at how the process
can be analysed to extract the details on the aspects that contribute
to aesthetic judgement. Next, we detail how the data was obtained,
how the tags were chosen and how the environment was created
to investigate the aesthetic concepts. Then we present the data that
was collected, discuss the results, and draw conclusions and explain
how we will use these results moving forward.

2 OBTAINING THE RELATIVE IMPORTANCE
OF AESTHETIC ATTRIBUTES

The high variety of artwork reflects the complicated nature of aes-
thetic judgement. Out of all potential aspects, not all contribute
to the same extent or even in the same way across different judge-
ments in different contexts, suggesting that aesthetic judgement
is not a static process [39]. The first step to addressing this is the
attempt to identify which aspects form an important part of the
aesthetic judgement process while accounting for the subjectiv-
ity in the terms and their application. Within the context of the
auto-generation of art, it is important to understand which aspects
contribute significantly to the aesthetic judgement process.

The Identified aesthetic terms would form the basis of generating
artwork, however, to use them effectively more details are required
such as the relative contributions of the terms, which terms provide
the most useful information about the items they are describing
and finally whether these terms contribute positively or negatively
to the judgement. To collect this, item analysis was chosen as an
effective approach that is often applied to designing exam questions
[6], [36], [40]. With a few minor amendments item analysis can also
be applied to help understand the different aspects which contribute
to the aesthetic judgment of artwork.

The tags that are the most commonly applied when judging
artwork will represent the popularity of the terms being applied.

The more popular the tag, the more important it will be to aes-
thetic judgement. As well as the popularity, the consistency of
the application of the tags is also considered. This protects against
choosing ambiguous terms and ensures that enough data will be
collected to help formalise the aspect.

To calculate both consistency and popularity, the allocation of
the tags to sculptures by participants needs to be defined, as shown
in Equation 1:

1 participant p assigns tag t

to sculpture s (1)
0 otherwise

allocationp ; s =
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Using the defined allocations, the mean assignment of each tag t to
a sculpture A; can be calculated, by dividing the total number of
times the tag has been assigned to each sculpture by the number of
sculptures as shown in Equation 2:

S P .
allocationy, ¢
A=) ®)
s=1 p=1

The consistency value for each tag and sculpture can then be calcu-
lated by dividing the mean assignment for a tag (A;) by the total
number of participants (P), as shown in Equation 3. The consis-
tency indicates whether a specific tag has been reliably applied
to sculptures which exhibit the same attributes and that the link
between these attributes and the applied term is identifiable by the
participants.

Cr=— (3

Two further details can also be obtained about each tag: how dif-
ficult the tag was to apply and how discriminating the tag is. A
highly discriminating tag will be chosen less frequently against
sculptures which do not represent the tag and tags with a high diffi-
culty will not be applied frequently. Both of these measures reveal
important information: the difficulty of the application allows the
discarding of tags which are too difficult or too easy to apply as
they provide too little or too much information on which pieces of
art exhibit the term. The discrimination allows the identification
of tags which are representative of the sculptures they are applied
to, items which do not discriminate enough would be an indication
that the tag is ambiguous and can be mapped to multiple attributes.
We consider the tags which are identified as having a medium level
of application difficulty and a high level of discrimination would
be suitable candidates for further analysis and implementation in
art-generating systems. By setting these thresholds for both the
difficulty and discrimination values obtained for each tag, a short-
list of aspects can be obtained where each item has sufficient data
collected within this experiment in order to potentially learn what
physical attributes map to the abstract aesthetic terms.

Et = At (4)

The endorsement E; of a tag (Equation 4) is the mean number of
times it has been applied to each item. It can be interpreted as how
easily a tag can be applied to the piece of art, where the higher the
number of average applications, the easier the tag is to apply. We
consider the difficulty of application to be the complement of ease
of application and as such we calculate it as the involution function.

Diffy = 1/A; (5)

For the discrimination to be evaluated, first a total score must be
calculated for each piece of art, set as the sum of applications of all
tags applied by all participants to the artwork:

T P
Scoreg= Z Z allocationy ¢ s (6)

t=1 p=1

Calculating the discrimination and whether the term has a positive
impact on aesthetic judgement requires calculating the correlation
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between the sculptures and the calculated data. The correlation!
(Equation 9) is calculated using the standard deviation? (), shown
in Equation 7, and the covariance® (sxy), shown in Equation 8,
representing how the two sets of data are linearly related.

oo {Z(Xj\]—u)z @

1 . X
Sxy=m2(xi—x)(yi—y) ®
i=1
s
I'xy= =Y )
ox Oy

The discrimination value for each tag is calculated as the correlation
between the total number of times the tag has been assigned to the
artwork and the total number of tags assigned to the artwork, if a
sculpture represents a particular tag it will have a higher correlation
between these values.

P
Di=rxy Z allocationy ; s, Scores (10)
p=1

The final measure, which provides useful information about the
terms considers the positive or negative influence that each tag
has on the aesthetic judgement of an artwork, requires the overall
aesthetic rating for each item (Equation 11). Each participant was
asked to rate the sculpture between 0 and 10 (ratings), this is corre-
lated to the total applications of each tag on that sculpture, which
indicates whether the tag is considered as a positive or a negative
aspect of the judgement, the more times a tag has been assigned
to a sculpture with a higher rating, the higher the positive impact
that that tag has.

P
Pos; s =1y y ratings, Z allocationp ts (11)
p=1

3 METHODOLOGY

It can be easy to determine whether someone likes a sculpture by
collecting ratings for each item, an approach which has been used
extensively to judge auto-generated artwork to test new generation
methods or to investigate whether a particular feature contributes
to aesthetic judgement. To collect the required data to determine
contributing factors, several aspects need to be considered: what
terms the user can use to describe the artwork, what artwork to
display to a user and how the user will be able to describe the
artwork.

3.1 Concept Tags

Determining which terms to include is made more difficult due to
several restrictions which need to be applied: (1) terms should not
be too technical to ensure they can be understood by all participants.
(2) As much of the conceptual aesthetic space as possible needs to be
covered to try and fully explore how individuals judge sculptures.

Uhttps://www.r-tutor.com/elementary-statistics/numerical-measures/correlationcoeffi-
cient
Zhttps://www.r-tutor.com/elementary-statistics/numerical-measures/standarddevia-
tion

Shttps://www.r-tutor.com/elementary-statistics/numerical-measures/covariance
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Table 1: Aesthetic terms

Term Value Term Value
Quiet 0.17 Ordered 0.18
Boring 0.19 Complex 0.19
Dynamic 0.21 Simple 0.23
Stiff 0.25 Balanced 0.25
Disconnected 0.25 Unified 0.25
Irregular 0.27 Natural 0.27
Plain 0.28 Gentle 0.28
Neutral 0.29 Exciting 0.29
Interesting 0.29 Dull 0.32
Surprising 0.32 Alive 0.38
Freakish 0.38 Graceful 0.38
Lifeless 0.38 Messy 0.38
Practical 0.38 Predictable 0.38
Strange 0.38 Strong 0.38
Controlled 0.38 Ugly 0.38
Unemotional 0.38 Unfriendly 0.38
Unnatural 0.38 Unpleasant 0.38
Weak 0.38

To compile the initial list of terms, an overview of aesthetic
judgement was sought. Work undertaken by Sibley [37], who in-
vestigated which terms were commonly used to describe artwork
by art critics, founded the basis of our search, resulting in a list of
134 terms. Due to their origin, these terms are inherently applicable
to the judgement of artwork, and whilst they were compiled a long
time ago, their meanings are still relevant in this context. To avoid
overwhelming the participants with too many terms, the list was
filtered further to include only 30 terms, by checking the semantic
similarity using the WordNet2* database. This allowed the reduc-
tion of the list of terms whilst still maintaining the coverage of a
wide range of the conceptual space. The similarity was calculated by
measuring the distance to the lowest common linked word between
each pair of terms, items which have a closer common ancestor
are considered more similar. Once the value had been calculated
between each pair of terms, an average was taken for each one to
represent how generally different that term was from the others,
examples of the terms and their average semantic similarity are
shown in Table 1.

The terms were then manually sanitised to ensure the list con-
tained no antonyms, synonyms or duplicates and ensure that the
term did not use outdated language, where the meaning of the term
may not be obvious to all participants e.g. Gaudy. Finally, any terms
which were directly connected to emotional state were removed, for
example, happy or sad, as their inclusion may unintentionally affect
the results due to differences in participants’ emotional state before
taking part in the experiment. The top 14 dissimilar terms were
selected, then to widen the area of semantic space being covered by
this reduced list, their antonyms were added to the list to obtain the
final list of aesthetic concepts, shown in Table 2. These terms repre-
sent the widest area of the aesthetic concept space available using

“https://wordnet.princeton.edu/
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Table 2: Final list of aesthetic terms

Final list of aesthetic terms

Busy Cold Quiet
Angular Unrefined Ordered
Complex Boring Drab
Friendly Static Separate

Calm Original Natural

Curved Warm Loud
Simple Sophisticated Disordered
Unfriendly Interesting Bright
Unoriginal Dynamic Connected
Unnatural

the chosen inputs whilst removing as much subjectivity as possi-
ble. It should be noted that while these terms were removed here,
they may still be suitable for investigation using a more suitable
experimental paradigm.

3.2 Sculptures

In addition to the tags needing to cover a wide area of the aes-
thetic concept space, the same criterion needed to be applied to the
sculptures that were displayed to the user.

Multiple ways exist to auto-generate 3D items including ma-
nipulating the colour and visibility of voxels using CPPNs [19] or
Context-Free Grammars [4], [29], [34], using Graph Grammars to
generate a set of points in 3D space [28], using Shape Grammars
to create 3D items [10], [31], [33] and evolving parameters to use
within an external generation system [27], [32]. However, to ensure
that a wide range of visually different sculptures was created, the
Axial Generation Process (AGP) was selected [16], which places
geometric items around a central axis and is capable of creating a
wide range of visually different sculptures. This process was also
chosen as it generates sculptures which are suitable for use within
Virtual Reality. For this experiment, the sculptures were created
by placing 475 spheres or cubes within the bounds of a 1x1x2m
containing box.

To ensure that the sculptures were visually different from each
other and display a wide variety of attributes, a distance search was
implemented using a Genetic Algorithm, with a fitness function
which determined how dissimilar one sculpture was from another.
A standard approach to implementing this would involve measur-
ing the geometric distance between each of the points within a
sculpture and plotting these distances into a histogram with the
final measure being set as the Chi-Squared distance between each
pair of histograms. The higher the resulting value the more different
the sculptures would be.

However, as noted in [5] this process has limitations and the
signature generated by the histogram is not unique enough to deter-
mine true dissimilarity. In order to combat this several histograms
were created for the sculpture similar to the process used in [24].
The full process was not followed as some of the measures were
not appropriate for the sculptures, for example using the geodesic
distance did not work well as there was no clear surface or path
between the points in the sculpture, instead, another approach was
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formulated which created a histogram for the X, Y and Z distances
individually. All histograms were combined, and the Chi-Squared
distance was taken on the resulting sculpture signature.

Once each run of the Genetic Algorithm had been completed,
the sculpture with the highest dissimilarity was selected and added
into an archive. The archive was used in all future runs of the
algorithm, to compare all newly generated items with ensuring that
all selected items were visually different from each other. Each run
of the Genetic Algorithm maximised the dissimilarity between the
population and the archive sculptures for 10 generations and a total
of 50 runs were completed, providing a selection of 50 sculptures.
Similar to the aesthetic tags, 50 sculptures were deemed to be too
many to be included in this experiment and so the 18 most visually
different sculptures were selected by the authors, the resulting set
of 18 sculptures is shown in Figure 1.

3.3 Environment

The final aspect to address was how to present the sculptures to
the participants, viewing the 3D artwork on a 2D monitor would
be limiting and potentially affect the results considering that the
environment is an important aspect of aesthetic appeal [8], [35],
[38]. To avoid these limitations VR was chosen, and a custom
VR environment was created which allowed the 3D artwork to
be viewed within a 3D environment. In addition, VR provides
additional benefits which can be utilised to further enhance the
user’s experience for viewing the artwork.

The concept of using VR environments for viewing artwork
is not new and an ever-increasing number of art projects have
utilised VR as a medium such as Osmose [12], Chalkroom [3], A
Show of Kindness [11] and CAVE [21]. As well as its increasing use
within the art world, VR is also becoming a more popular choice
for running experiments [15], [17] due, in part, to its ability to
explicitly control the environment a participant is placed in and
the ability to enhance the art viewing experience.

The VR environment, utilised for this experiment, placed the
user within a room resembling a warehouse art gallery with the
sculptures placed on a platform along the walls, see Figure 2, the
centre of the room formed the main “play area” giving the user
a large space where they were able to inspect, move, group, and
assign aesthetic tags to each of the sculptures.

Four main interaction techniques were implemented to allow the
user to interact with the environment: Translation, Flying, Scaling
and Rotation. The interaction techniques used both available con-
trollers to allow the performing of multiple interactions at a single
time, for example flying whilst moving a sculpture. The translation
interaction technique allowed the user to move a sculpture from
one position to another along the floor, flying allowed the user to
travel around the environment moving the user forward or back-
wards at a consistent rate. The movement speed was chosen to
avoid potential motion sickness and to allow the user to accurately
perform multiple actions whilst flying. Rotation allowed the user to
twist the sculpture providing a shortcut to allow a sculpture to be
seen from all sides without having to specifically fly around each
side. This encouraged the users to view the sculptures from each
angle with minimal effort, meaning they could make an informed
decision about the descriptive tags. The final interaction technique
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Figure 1: Sculptures available for participants to judge.

Figure 2: Top-down view showing sculpture starting posi-
tions and main play area.

was scaling, this allowed the user to scale themselves down to a

tenth of their original size and be placed at the base of a specific
sculpture. The users were able to then fly around the sculptures
providing a novel experience, uniquely available within a Virtual
Reality environment to explore the sculpture from a new perspec-
tive, travelling in and out of any part of the sculpture. This afforded
the ability to inspect all aspects of the sculpture closely and helped
to provide the user with an exciting VR experience.

The main task involved the user choosing their own groups from
the provided sculptures based on the minimal instruction of group-
ing similar sculptures together, with the number and size of the
groups being determined by the participant. Detecting the groups
was handled by implementing the mean shift clustering algorithm
[14], which ran in the background, identifying the clusters the user
had placed the sculptures within, allowing the real-time detection
of any number of groups formed of any number of sculptures. Each
cluster was visually indicated to the user by highlighting the floor
around each group (Figure 3), allowing the group to be amended by
adding or removing sculptures as necessary. As soon as a group was
detected, tags could be chosen from the available list and applied
to all sculptures within that group.

3.4 Process

The experiment was designed to be run entirely remotely, using
the Prolific platform as the main source of the participants. Partici-
pation involved three distinct stages, initially, the users accessed a
registration website where they were asked to enter their Prolific Id,
read through and agree to the experiment information and consent
details. Once this process was complete the user was provided



ARTECH 2023, November 28-30, 2023, Faro, Portugal

Figure 3: Environment with a detected region.

with a unique code and instructions on how to download the VR
environment from the Oculus Quest store®.

Once the VR app had been downloaded and started, the user
was asked to enter their unique code which, after being validated,
allowed the anonymous logging of the data collected within the
environment. The next stage, comprised of five training tasks, en-
abled the users to independently learn the four control mechanisms
implemented within the environment and learn how to group sculp-
tures and assign tags to the group. This was achieved by providing
a task for each technique, such as collecting pellets, moving blocks
into a goal, and scaling to collect a key to open a door. The training
section of the environment was critical due to the remote nature
of running the experiment and so training videos and descriptions
were available to the user to help them learn the techniques without
anyone being present.

Once the training had been completed, the user completed the
main experiment task and was shown the 18 sculptures placed
around the edge of the room. The participants were given as long
as they wanted to explore and interact with the sculptures whilst
creating groups and assigning tags. This approach was chosen
as it allowed the participant to change their mind about earlier
groupings based on their changing opinions on the sculptures and
the tags being assigned.

Once the user had confirmed they had finished creating the
groups and assigning the tags, they were prompted to return to
the registration website where they were requested to complete a
final questionnaire asking questions relating to their experience.
Upon completion of the questionnaire, the participants were given
the uninstall instructions and a completion code which allowed
them to mark their submission on the Prolific platform as complete
and collect the payment for participation, which was set as £5 per
participant based on the estimated 30 minutes taken for the entire
process.

4 RESULTS

To determine whether the chosen aesthetic terms formed any part
of the aesthetic judgement of the sculptures and if they did, the
extent the terms contributed and whether these terms had a pos-
itive or a negative impact on how the sculptures were judged, a
large amount of data was collected. This included the participant’s
position, which was updated every 300ms, the sculptures within

Shttps://www.oculus.com/experiences/quest/4632259860201837
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Figure 4: Selection of sculptures with average rating. Highest
rated sculpture shown (a). Lowest rated sculpture shown to
participants to participants (b).

their gaze at the same interval, the groups and tags the participant
assigned as well as the time the participant spent in each stage. The
exit questionnaire collected details about the art expertise of the
individual, a rating for each sculpture, from zero to ten, and other
general pieces of feedback on the process such as whether the par-
ticipant experienced any motion sickness and whether any other
terms may be appropriate to describe the presented sculptures.

A total of 37 participants completed the experiment (10 female)
with a mean age was 30, who spent an average of around 26 minutes
within the VR environment. Across all participants, there was a low
amount of art expertise as shown by the mode responses provided
across all three collected metrics: how often the participant visited
an art museum (Rarely), how often an art book was read (Never)
and how often the participant practised any form of art (Never).
This indicates that the data collected would not be influenced by
a high level of expertise allowing the data to be considered more
generalised, in terms of art expertise.

The presented sculptures represented a wide range of being
aesthetically pleasing to the participants with average ratings of
the sculptures ranging from 1.8 (Figure 4b) to 7.3 (Figure 4a).

Table 3 shows the summarised data about each aesthetic tag,
intriguingly, it can be seen that Dynamic, Curved, Interesting and
Connected terms had the most assignments on average, an early
indication of the application difficulty for the tags. One impor-
tant result is that all available tags were applied to the sculptures
suggesting that the chosen tags were suitable for describing the pre-
sented sculptures. Dynamic was also the most consistently applied
tag, indicating that the sculptures presented exhibited a high level
of dynamism (Table 4). Dynamic along with curved, interesting,
and connected form some of the main aspects which contribute to
the aesthetic judgement of 3D sculptures.

Table 4 also shows an indication of which tags had a suitable
level of discrimination and application difficulty to be considered
for further analysis, by having a high level of discrimination and a
medium level of application difficulty. The tags which fell within
the acceptable criteria are highlighted in the table. Dynamic was
the most popular tag, due to this, the application difficulty was
too low to produce reliable information. Instead, the tags which
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Table 3: Total applications (T), How many participants used
the tags (P) and the average number of times the tag was
applied to a sculpture (A).

Tag T P A

Dynamic 182 30 4.92
Curved 172 31 4.65
Interesting 170 28 4.59
Connected 132 23 3.57
Simple 124 28 3.35
Bright 124 25 3.35
Calm 111 29 3.00
Busy 103 24 2.78
Cold 103 22 2.78
Unnatural 102 23 2.76
Ordered 97 20 2.62
Loud 97 21 2.62
Disordered 97 25 2.62
Complex 95 20 2.57
Boring 95 19 2.57
Warm 86 24 2.32
Natural 77 22 2.08
Static 75 18 2.03
Friendly 69 18 1.86
Separate 64 13 1.73
Original 62 14 1.68
Angular 60 18 1.62
Unfriendly 52 12 1.41
Quiet 51 17 1.38
Sophisticated 51 16 1.38
Unrefined 42 12 1.14
Unoriginal 35 11 0.95
Drab 27 10 0.73

fell within the criteria specified in Section 2 were connected, busy,
interesting, ordered, complex, angular, friendly, and calm. The
final column shows the positivity rating for each of the tags and
all of the terms which met the outlined criteria had a positive
influence on the judgement of the sculptures. None of these were
the most positively associated terms, however, with this accolade
being applied to curved, with simple being the most negatively
associated term.

5 DISCUSSION

The collected data raised some interesting patterns, all the available
tags were used, with the lowest number of participants being drab
which was applied by 10 participants, this is a good indication that
the selected terms were fit for purpose and successfully described
the generated sculptures, the tags were also mainly rated as positive.

One important aspect of this data is that the details were col-
lected from participants who had a limited amount of art expertise,
this potentially helps to explain some of the results that were ob-
tained. As having a high level of art expertise can influence aesthetic
judgement the data collected in this experiment can be considered
less biased in this respect. This potentially explains the difference
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Table 4: Consistency (C), Endorsement (E), Difficult of ap-
plication (Diff), Discrimination (Disc) and positivity rating
for each tag, highlighted items represent tags which warrant
further investigation.

C E Diff  Disc Positivity
Dynamic 0.32 5.78  0.68 0.48 0.22
Curved 0.26  4.67 0.74 0.77 0.31
Simple 023 417  0.77 -0.47 -0.27
Connected 0.23 4.06 0.77 0.81 0.18
Busy 0.18 322 082 0.42 0.07
Interesting 0.18 317 082 0.73 0.11
Ordered 0.17  3.00 0.83 0.74 0.11
Complex 0.16 294 0.84 0.67 0.13
Bright 0.16 283 0.84 0.71 0.08
Disordered 0.15 2.67 0.85 -0.36 -0.08
Unnatural 0.15 2.61 0.86 -0.07 0.00
Static 0.14 250 0.86 -0.31 -0.08
Angular 0.12 2.11 0.88 0.36 0.07
Friendly 0.12 217  0.88 0.59 0.10
Calm 0.12 222 088 0.61 0.04
Warm 0.12 217 0.88 0.00 0.08
Unfriendly 0.12 2.11 0.88 -0.45 -0.04
Cold 0.11 2.06  0.89 0.10 -0.03
Boring 0.11 200 089 -0.73 -0.17
Loud 0.11 2.00 089 -0.27 -0.01
Separate 0.10 1.89 0.90 -0.48 -0.05
Quiet 0.08 139 092 -0.07 -0.03
Original 0.08 139 092 0.43 0.05
Natural 0.08 150  0.92 0.49 0.09
Sophisticated 0.07 128  0.93 0.27 0.04
Drab 0.06 1.00 094 -0.81 -0.11
Unrefined 0.04 078 096 -0.52 -0.08
Unoriginal 0.03  0.61 0.97 -0.61 -0.08

in which terms were considered the most important to achieving
a positive aesthetic rating over commonly used aspects such as
ordered or complex.

The positivity or negativity ratings for the terms are mainly
intuitive, for example, boring sculptures were rated less highly
than interesting sculptures and generally, they corresponded to
the antonym relationship between terms e.g. Bright and Drab.
However, a few anomalous aspects were identified, for example,
whilst natural related to positive ratings, unnatural was neutral,
which potentially questions the use of some measures which look
at the naturalness of artwork such as the fractal dimension or Ben-
ford’s law, where having lower ratings on these scales may not
be too detrimental. Similarly, the contribution of complexity is
positive, however, the positive impact of items being complex is not
as significant as the negative contribution if an item is considered
simple. This indicates that while complexity is an important aspect
of aesthetic judgement, it is more important, when trying to create
aesthetically pleasing items, to ensure that items are not simple
rather than specifically creating complex items. This potentially
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affects how items should be generated especially within a Compu-
tational Creativity context, where instead of trying to maximise
the positive influence of complexity, it should be more important
for systems to minimise the negative aspect of simplicity.

The subjectivity of the process is exemplified by the contribution
of the curved/angular antonym pair of terms, as both are shown to
contribute positively to the judgement, albeit with angular being
less positive than curved. Inspecting the sculptures these terms
were applied to shows that both terms were applied to the majority
of the same sculptures indicating that even though these terms
are semantically opposite, both can be displayed within the same
sculpture and have a positive effect on the overall rating.

The stalwart formal measures of complexity and order also fea-
ture as important aspects, backing up existing research by showcas-
ing that they contribute positively to aesthetic judgement, however,
despite their ubiquity, they are not the most positive items which
contribute to aesthetic judgement. Terms like curved, dynamic, and
connected had a higher positive impact on aesthetic judgement, in-
dicating that in the process of auto-generating aesthetically pleasing
items, these terms should be considered more often than complex
and ordered.

One final aspect shown from the results is that negative tags seem
to be more difficult to describe than positive items. The average
difficulty for positive tags was 0.84 whereas for negative tags it
was 0.89, which may indicate that negative aspects are less easy to
visually distinguish, at least within the sculptures used within this
project.

6 CONCLUSION

In this paper, a novel VR environment was presented which allowed
the extraction of individual terms that contributed to the aesthetic
judgement of 3D sculptures providing a wealth of data about how
the judgement is made, along with terms which contribute both
positively and negatively to the overall aesthetic rating of each
sculpture.

The overall level of expertise of the participants helps the col-
lected data be less biased, due to the influence expertise can have
on aesthetic judgement. Successfully collecting data which has
been provided by participants with limited expertise in artwork
indicates the success the presented approach has in determining
which aspects contribute to aesthetic judgement. This approach
can be utilised to help overcome, at least partially, the difficulty of
describing which aspects contribute to aesthetic judgement, helping
to remove this barrier with modelling aesthetic judgement.

The approach also allowed the collection of data which can be
used to help guide the auto-generation of artwork, where common
aspects e.g. order and complexity, can be considered less impor-
tant and therefore be less important when attempting to create
aesthetically pleasing artwork.

By following set criteria, based on the results obtained through
item analysis, potential tags were established which would make
good candidates for further investigation. Other items would po-
tentially be good criteria for investigation however they would
need a wider set of sculptures to be presented before enough data
could be collected to reliably determine the attributes causing their
application. The established criteria considered the application
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difficulty and discrimination of each tag, where a medium level of
difficulty and a high level of discrimination was required to select
a tag for further consideration. The collected data led to nine tags
being identified: connected, busy, interesting, ordered, complex,
bright, angular, friendly, and calm, which can be used as a basis for
formalisation.

However, there were limitations with this process, using a small
set of geometric shapes to generate the sculptures, only spheres
and cubes, may have influenced how easily terms such as curved
or angular were applied. Whilst care was taken to try and present
a wide range of terms for use, by only presenting a set of 18 terms,
the process placed restrictions on how the presented items could be
judged. The result suggests that the terms were suitable however it
is possible that other terms could have a greater positive or negative
impact than the ones identified. In addition, the restriction also
means that the process cannot represent a full aesthetic judgement,
only a small portion of it. The participants were given the oppor-
tunity to suggest other terms, which could help to rectify these
limitations, however, there was no agreement, with each participant
suggesting different terms, a further indication of how subjective
the process of judging artwork is and how successfully this ap-
proach of extracting aspects was. The small amount of sculptures
also represents a limitation with this system, again even though
effort was taken to make the sculptures as different from each other
as possible, only a small selection was presented, which may not
have exhibited all of the provided terms in equal amounts.

Overall, several important and relatively unconsidered aesthetic
aspects were identified through utilising item analysis to determine
how well the aesthetic tags described the presented sculptures. This
provided a wealth of information on how the tags were applied
and the positive and negative impact of the terms but also provided
3D models which exhibit the properties of each term, helping to
identify some of the many aspects which contribute to the aesthetic
judgement of 3D sculptures.

6.1 Future Work

The data collected in this experiment opens up multiple avenues
for further research, such as looking at the difference between the
positive or negative interpretation of the aesthetic terms. However,
the main approach to be investigated by the authors is attempting
to create a formalisation of the identified suitable tags to allow
their introduction to auto-generating 3D sculptures. The success of
these formal measures will be determined before combining all this
information to generate sculptures based on individual preferences.

The approach presented in this experiment can also be amended
to extend the amount of information that is collected, for example,
it could be applied to 2D images and then compared to the 3D
items to investigate what differences exist between the judgement
of the two types of items. A potentially wider array of terms and
sculptures could be presented which would further extend the
aspects which can be identified along with further understanding
of the interaction between the terms and whether this affects the
positive or negative connotations.
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