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Abstract: Abstract symmetric patterns are generally preferred to less regular patterns. Here, we
studied 2D patterns presented as 2D images in the plane, and therefore producing a symmetric
pattern on the retina, and the same patterns seen in perspective. This perspective transformation
eliminates the presence of perfect symmetry in terms of retinotopic coordinates. Stimuli were abstract
patterns of local coplanar elements, or irregular polygons. In both cases they can be understood
as 2D patterns on a transparent glass pane. In the first study we found that perspective increased
reaction time and errors in a classification task, even when the viewing angle was kept constant over
many images. In a second study we tested a large sample (148 participants) and asked for a rating
of beauty for the same images. In addition, we used the Cognitive Reflection Test (CRT) to test the
hypothesis that people who tend to give the more immediate and intuitive answer would also show
a stronger preference for the symmetry presented in the frontoparallel plane (in the image and on the
retina). Preference for symmetry was confirmed, and there was a cost for perspective viewing. CRT
scores were not related to preference, thus not supporting the hypothesis of a stronger preference for
symmetry in the image when people follow a more immediate and intuitive gut response.
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1. Introduction
Symmetry is often cited as a fundamental principle of aesthetics. There is extensive
evidence that participants tend to like symmetry in familiar objects, e.g., faces and body, in
addition to abstract patterns [1–4].
In this study, we asked to what extent perspective distortions affect perception of
symmetry, and in turn preference for symmetry. The first research question we posed is
about perception, and it has been asked before; it can be considered a classic aspect of the
problem. For instance, Syzlk Rock and Fisher write “Does the spontaneous impression
of symmetry about a vertical axis depend upon the perception of the slant of the figure
and the achievement of veridical perception of the size of its two halves?” (p. 124) [5].
Under conditions that allow optimal shape constancy, perception of symmetry should be
unaffected by slant. However, often constancy processes are less than perfect, and the
difficulty in extracting information from an image may affect the perception of symmetry
and preference for symmetry. This is our second research question: the relationship, for a
specific set of stimuli, between perception and beauty judgments. We expect that when
symmetry is more salient it would also be judged as more beautiful. Importantly, to answer
this question we employed the same stimuli in the two tasks. We were also interested in
individual differences because people may vary in how they are affected by task difficulty.
1.1. Symmetry and Shape Constancy
Perceptual constancy is a fundamental aspect of human vision: the size and shape of
objects remain constant despite large changes in local image properties due to changes in
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viewing distance and angle. For instance, we perceive the wheels of our bicycle as round
even though from most viewpoints they are subject to foreshortening (so ovals are projected
on the retina). Perceptual constancy is so powerful that studies have shown a difficulty of
observers in extracting properties of the projected image. For example, participants match
the image of a slanted circle with an elliptical shape closer to a circle (less foreshortened)
than to the retinal image. Thouless called this effect a “phenomenal regression” to the real
shape [6,7].
What our visual system achieves is remarkable because that there are countless possible sources (i.e., distal objects) of a given retinal image. Starting from the arrangement
of objects and light sources, we can determine the image projected on screen (the forward
problem). However, given an image, we do not know the arrangement of objects and
light sources (the inverse problem). From as early as Berkeley and Helmholtz’s work, we
understand that the inverse problem in vision is ill posed. Some have argued that our
conscious visual experience is a stream of unconsciously-computed, best-guess solutions
to this problem, and that object-level representation is the hallmark of conscious visual
experience [8]. In solving the inverse problem, observers move from ego-centric (image
level) representations to allocentric (view-invariant, object level) representations [9–11].
Symmetry is a spatial property that can be computed on the basis of rigid transformations that match one part of an object to another. In the plane, these transformations are
reflection, rotation, translation, and glide reflection. However, symmetry is also a property
of objects that may be seen in perspective. For instance, a human face has approximate
bilateral symmetry (one reflection). However, this reflection is not present in the image
from any non-arbitrary viewpoints [12]. Our processing of faces is minimally affected by
perspective. Indeed, most portraits show faces as a three-quarters view and this pose has
even a slight advantage in recognition tasks [13].
There have been several studies of the effect of perspective and skew on perception of
symmetry (Figure 1). In a famous study by Wagemans et al. [14], skewed symmetry was
used to assess the importance of higher order structures called colinear quadrangles in
symmetry detection. Some forms of skewing preserve parallelism and midpoint collinearity,
while disrupting higher order structure. The fact that this skewing has a performance cost
suggests higher order structure is important for symmetry perception. The skewing in
Wagemans et al. is an orthographic projection, which approximates a perspective projection [15]. In another study, Wagemans [16] asked people to judge whether two patterns
were the same or different. Changing view angle impaired performance, but less so when
the patterns were symmetrical. Symmetry in the distal stimulus facilitates construction of
allocentric representations. This is consistent with results from [17,18]. The second and
third columns in Figure 1 show images used by Szlyk et al. [5]. They found that the presence
of depth cues allows respondents to identify the objective (i.e., allocentric) symmetry.
In summary, the literature shows that it is easier to discriminate symmetry when
depth cues are available, allowing an object-based representation and judgment. In this
sense, symmetry perception is dependent on depth perception [5]. Moreover, it is difficult
to process an object’s shape across changes in viewpoint. However, this trans-viewpoint
matching is easier when objects are symmetrical [17,18]. Therefore, allocentric representation helps find symmetry [5] whereas planes and axes of symmetry may help with
allocentric representation [18,19].
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Figure 1. Illustration of stimuli based on previous studies on symmetry perception: Wagemans et al. [13]
Szlyk et al. [5] van der Vloed et al. [18], and Sawada and Pizlo [14]. This list is not exhaustive and
some of these papers used more than one type; for instance, van der Vloed et al. [20] also tested blob
patterns. See [15] for a discussion of some of the limitations of the stimuli used in the literature.

1.2. Brain Responses to Symmetry and Slant
Many behavioural studies have shown that the human visual system is very sensitive
to symmetry in the image. For example, symmetry can be detected with very brief presentations [21–23]. More recently, neurophysiological studies have documented the brain
response to symmetry (for a review see [24]). Converging evidence from fMRI and EEG
found symmetry-related activity in bilateral extrastriate regions of the occipital cortex. The
extrastriate regions include V3A, V4, V7, and the lateral occipital complex (LOC) [25–28].
In the case of EEG, presence of symmetry in the image generated an Event Related Potential (ERP) known as the Sustained Posterior Negativity (SPN, [29–32]). Activation of
this symmetry network is automatic in the sense that it is independent of the task that the
observers are performing [33].
More relevant for this study, the question of brain responses to symmetry not present
in the retinal image has been studied in a few papers. Makin et al. [34] compared the SPN
produced by image-level and object-level symmetry. The image-level SPN was automatic,
in the sense that it was the same when participants were attending to symmetry or to the
colour of the stimuli. However, object-level SPN was only present when observers were
attending to symmetry. This finding was confirmed later by an fMRI study using different
stimuli [35]. It seems that the brain always responds to symmetry in the image, but it can
sometimes go beyond this, and respond to symmetry in the object [36,37].
1.3. The Current Study
We conducted two experiments online. Experiment 1 addressed the effect of perspective on symmetry perception, and Experiment 2 addressed the effect of perspective on
preference. In Experiment 1a we measured response times for perception of symmetry
using abstract patterns. The task was to discriminate between two types of shape. In one
type there was a correlation between positions of elements (or vertices) on the two sides
of each axis (two orthogonal axes were present). The other type of shape was identical
except that the correlations were absent because the positions were chosen independently;
for short we use the term “random” for this condition. Note that the participants were
different in Experiments 1 and 2, but the set of stimuli was the same.
To make the difference between the symmetry and random conditions salient, our
symmetric stimuli had two axes of reflection. If the rotation of the surface with respect
to the line of sight is orthogonal to one of the symmetry axes, symmetry is preserved

Symmetry 2022, 14, 475

4 of 15

in the image. For example, assuming a human face has perfect vertical symmetry, a
rotation around the horizontal axis would lead to foreshortening but vertical symmetry
is still present. Therefore, in creating our stimuli, the perspective transformation did not
correspond to either axis of reflection, thus ensuring that no symmetry was preserved after
the transformation. Examples of stimuli can be seen in Figure 2.

Figure 2. Examples of stimuli. Top panel, Gabor elements within a square frame. Bottom panel polygon
within a square frame. The white stimuli are not shown but were similar except for the change in colour.
The full set of stimuli is available at https://osf.io/8vhwe/ (accessed on 30 June 2021).

We predicted an advantage for symmetry in the frontoparallel plane (symmetry
present in the retinotopic frame of reference), compared to a perspective view (we used
four different transformations, described later). Because of the additional information
from internal axes, we also predicted that this perspective cost would be reduced for solid
polygons compared to a configuration of individual elements. In a second version of
this experiment (Experiment 1b), we tested whether having the images in perspective
presented all together in a block would help observers adjust to one consistent view angle
and therefore eliminate or reduce the perspective cost.
Experiment 2 used the same stimuli as Experiment 1. We asked participants to rate the
beauty of the images. Different theories in empirical aesthetics make different predictions
here. The influential fluency-attribution model [38] claims people are sensitive to the
fluency (i.e., speed and efficiency) of their own perceptual and cognitive operations. Fluent
operations have a positive hedonic tone, and people often attribute this to inherent qualities
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of the stimuli. The fluency account predicts that people will like the symmetries that are
detected fastest (as found by [39,40]). In the current study, perspective costs on symmetry
detection should translate into perspective costs on symmetry preference. However, other
accounts make different predictions. For example, perspective symmetry is more likely
to lead to a positive “Aha” moment, when a post-constancy representation is completed
following computation in the visual brain ([41,42].
Despite the robust preference for symmetry observed in many studies, there are
exceptions. Some authors have found that attractiveness of symmetric faces may be weaker
for perfect symmetry, obtained using computer generated faces [43]. Leder et al. [44]
recently claimed that symmetry is not a universal law of beauty. They found that while
most people do indeed like symmetry, artists and art historians cultivate a preference
for asymmetry. Bertamini et al. [45] interleaved faces, polygons, flowers, and landscapes.
For each category there were symmetric and asymmetric stimuli. Landscapes that were
artificially made to appear symmetric were liked less than the original landscapes, probably
because symmetry is expected to belong to individual objects and not to scenes. Finally,
and perhaps most importantly, Graf and Landwehr introduced the Pleasure-Interest Model
of Aesthetic Liking [46]. They suggest that there is a first stimulus-driven response upon
encountering an aesthetic stimulus, linked to pleasure or displeasure. However, with
sufficient motivation there is also a second, more elaborate perceiver-driven response. This
model extends the processing fluency theory and turns it into a dual-process theory.
In [45], despite the fact that observers liked the symmetric landscapes less than the
asymmetric landscapes, an analysis within these modified landscapes revealed an interesting pattern. For beauty ratings of just the unnatural symmetric landscapes, preference
was correlated with the rating of symmetry salience. Symmetry was therefore still affecting
responses, but differently for natural and artificial stimuli.
The evidence about neural responses to symmetry has highlighted that a strong and
automatic activation of ventral visual areas is produced automatically when symmetry
is present in the image [24]. To recover symmetry information under other conditions,
for example from a generic view of an object, observers may require cognitive processing.
Based on the idea that there is a first, immediate and image-driven response, and a second,
reflexive and object-based response, we made the additional hypothesis that preference for
symmetry may depend on how an individual approaches the task, and in particular on a
bias to report the first response that comes to mind. The idea is that the first response is
based on the more automatic processing of visual information. Therefore, we included in
this experiment the Cognitive Reflection Test (CRT, [47]). This test has been used in many
studies. It is intended to measure whether an individual is able to override an apparently
logical but incorrect response, and arrive at the correct one ([48,49].
The CRT test consists of three questions:

•
•
•

A bat and a ball cost £1.10 in total. The bat costs £1.00 more than the ball. How much
does the ball cost? (incorrect answer 10, correct answer 5).
If it takes 5 machines 5 min to make 5 widgets, how long would it take 100 machines
to make 100 widgets? (incorrect answer 100, correct answer 5).
In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes
48 days for the patch to cover the entire lake, how long would it take for the patch to
cover half of the lake? (incorrect answer 24, correct answer 47).

The CRT score can vary from 0 (no correct answer) to 3. The ability to avoid an
intuitive answer requires effort, and this type of deliberate reasoning may be important
to deal with difficult problems [50,51]. However, CRT has only a moderate overlap with
measures of cognitive ability [47,52]. It is debated whether the CRT measures a trait. Some
authors have suggested that this is a measure of openness, or open-minded thinking [53].
For the purpose of this study, we focus on the intuitive versus the deliberate distinction.
We reasoned that individuals with low CRT scores will be less inclined to rely on allocentric
representations. Their preferences will be guided by image-level properties, and their
preference for symmetry will be greatly reduced in perspective conditions. This corresponds
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to the stimulus-driven response in Graf and Landwehr’s model [46]. Conversely, more
deliberative individuals (high CRT) may take time to form allocentric representations.
Their preferences will be guided by object-level representations, and their preference for
symmetry will be similar in frontoparallel and perspective conditions.
All studies were conducted online using the GorillaTM app. In the case of Experiment
2, in which we were also interested in individual differences, we decided that a large sample
was necessary, and therefore tested 148 participants. This sample provided an 80% chance
of detecting modest correlations of r > 0.23.
2. Experiment 1. Materials and Methods
In Experiment 1 we tested whether a symmetrical pattern seen in perspective would
be harder to recognise as symmetrical. We used two types of abstract patterns; one was a
configuration of elements (2D Gaussian-filtered patches) and the other was a closed and
filled polygon (Figure 2). Although these are not technically Gabors, we use this label for
this class of stimuli. We reasoned that the closed contour of the polygon may help observers
perceive the symmetry of the object [19].
There were two versions of Experiment 1, with 64 participants in each. In the first (Experiment 1a) the factors were symmetry (present or absent), perspective distortion (present
or absent), and type (Polygon or Gabor). When the surface was shown in perspective, the
transformation was a change of viewpoint in one of four possible directions (see Figure 2
and methods for details). We also had a between-subjects factor: whether the stimuli
were black or white (always against a grey background). We had no specific hypothesis
about colour, and we did not include this factor in the analyses. Design and analyses were
pre-registered (see https://osf.io/8vhwe/ (accessed on 30 June 2021)).
The design of Experiment 1b was similar to that of Experiment 1a but with two
important differences. The first was that we used only polygons. The second is that
there was a new factor, called Block. In one condition all viewing angles were presented
interleaved (as in Experiment 1a) but in another condition they were fixed, so that all
images appeared together as seen from a particular angle. We predicted that blocking by
angle would reduce perspective cost.
2.1. Participants
Sixty-four participants took part in Experiment 1a and 64 in Experiment 1b (total 128).
Participants were naive with respect to the specific hypothesis of the study.
2.2. Design
In Experiment 1A, there were three within-subjects factors: Regularity (symmetry,
asymmetry), Stimulus Type (Gabors, Solid Polygons), and Angle. There were 5 different
viewing angles, constructed by changing viewpoint along the horizontal and vertical
meridians ([0,0], [−60,−15], [−60,15], [60,−15], [60,15]). This design (2 × 2 × 5) gives
20 combinations, but to maintain an equal number of trials between frontoparallel and
perspective conditions, frontoparallel ([0,0]) was presented 4 times as often. This produced
32 trials that were repeated 16 times for a total of 512 trials. However, we collapsed the
four angles to obtain two levels (frontoparallel, perspective). Finally, there was a betweensubjects factor, the colour of the stimuli (black, white). In Experiment 1b there were three
within-subjects factors: Regularity (symmetry, asymmetry), Block (randomized, blocked),
and Angle (frontoparallel, perspective).
2.3. Stimuli and Procedure
Stimuli were generated with a Python script, using the Psychopy software [54]. The
Gabor arrays were constructed from a 10 × 10 virtual grid. For one quarter of the grid,
40% of cells were occupied with a Gabor. For the random patterns, the other three quarters were generated independently according to the same algorithm. For the reflectional
symmetry patterns, the other 3 quarters were mirrored, producing horizontal and vertical
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reflection. All patterns had 40 Gabor elements in total. The size of individual Gabors was
0.33 degrees in diameter, but modulated with a SD of 0.5, so the visible dot was approximately 0.16 degrees in diameter. Gabors could be either black (as in Figure 2) or white.
The solid polygons were constructed by setting 36 vertices at a random +/− 0.8 degree
distance from a circle with a radius of 2.4 degrees. The radial spacing (increments around
the circumference) was uniform. The vertices were connected to form a polygon, and the
central region filled either black or white.
Four different transformations were used, constructed by rotating a virtual camera
+/− 60 degrees around the equator (left and right) and +/− 15 degrees around the meridian
(up and down). There parameters were designed to be optically correct when viewed from
57 cm. In other words, we used a perspective projection rather than an orthographic
projection [15]. We moved the virtual camera in two dimensions, because otherwise image
symmetry is not substantially distorted [15,55]. The 60-degree view angle change was also
based on recommendations in [15]. The full set of images is available on Open Science
Framework: https://osf.io/8vhwe/ (accessed on 30 June 2021).
The presentation to the participants was controlled by Gorilla (www.gorilla.sc (accessed on
30 June 2021)). Each trial began with a fixation cross for 700 ms, then a pattern was shown
that was approximately 6 × 6 cm in an 8 × 8 cm frame, as shown in Figure 3. To ensure
that size was approximately equal for all participants before the start of the study, they
adjusted a rectangle on the screen to match the size of a credit card, and were asked to sit
approximately 60 cm from the screen. Stimuli were presented in random order. Before the
start of the experimental trials there were eight practice trials.

Figure 3. Description of a trial sequence for Experiments 1a and 1b. In this example the image is an
asymmetrical polygon.

Responses were entered via the keyboard. Text in the lower part of the screen reminded
participants of the buttons. If participants pressed the correct key, the word ‘correct’
appeared for 200 ms. If participants pressed the wrong key, the word ‘incorrect’ appeared
and the participant had to press the correct key.
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3. Experiment 1 Results
Results of Experiment 1 are shown in Figure 4. There was a perspective cost on
response time in all conditions, which was not abolished by using solid polygons in
Experiment 1a, or by blocking by view angle in Experiment 1b.

Figure 4. Results from Experiments 1a (first row) and 1b (second row). Error bars are ±1 SE of the
mean (based on [56]).

We analysed response time for correct trials in Experiment 1a with a repeated measures
ANOVA. Errors overall were 4.4%. No subject was replaced on the basis of excessive rate
of errors (20% as per pre-registration). Responses more than 4 standard deviations from
the mean were removed (less than 1%).
The analysis confirmed faster responses to symmetry (F(1,63) = 27.97, p < 0.001, ηp 2 = 0.31)
and faster responses to images not shown in perspective (F(1,63) = 89.91, p < 0.001, ηp 2 = 0.58).
There was also an interaction between these two factors (F(1,63) = 12.42, p < 0.001, η p 2 = 0.16).
As shown in Figure 4 this interaction is not a reversal in the pattern but rather it shows a
stronger effect of symmetry in the frontoparallel condition. The frequency of errors was
low, and the pattern of errors was consistent with the pattern of latency (therefore a speed
accuracy trade-off cannot explain our results). With respect to the non-significant effects,
there was no effect of stimulus type (F(1,63) = 0.55, p = 0.462, η p 2 < 0.01), and no significant
interaction between type and symmetry (F(1,63) = 0.62, p = 0.432, η p 2 < 0.01), between
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type and perspective (F(1,63) = 3.47, p = 0.067, η p 2 = 0.05), or between type, symmetry and
perspective (F(1,63) = 0.46, p = 0.462, η p 2 < 0.01).
We repeated the same analysis for Experiment 1b. However, here there was no factor
type because only polygons were used. Instead, there was a new important factor, i.e.,
whether the perspective angle was interleaved or blocked.
Errors overall were 4.9%. Responses more than 4 standard deviations from the mean
were removed (less than 1%). One participant was replaced due to errors > 20%. The analysis confirmed faster responses to symmetry (F(1,63) = 11.85, p = 0.001, η p 2 = 0.16) and faster
responses to images not shown in perspective (F(1,63) = 109.11, p < 0.001, η p 2 = 0.63). As
for Experiment 1a, there was an interaction between these factors (F(1,63) = 17.20, p < 0.001,
η p 2 = 0.21) and finally a three-way interaction including the block order (F(1,63) = 14.38,
p < 0.001, η p 2 = 0.19). The frequency of errors was low, and the pattern of errors was
consistent with the pattern of latency (therefore a speed accuracy trade-off cannot explain
our findings). See Figure 4. With respect to the non-significant effects, there was no effect
of block (F(1,63) = 0.01, p = 0.914, η p 2 < 0.01), and no significant interaction between block
and symmetry (F(1,63) = 0.91, p = 0.343, η p 2 = 0.01), or between block and perspective
(F(1,63) = 0.07, p = 0.786, η p 2 < 0.01).
In summary, the prediction that viewing angle affects detection of symmetry was
confirmed. Observers were slower when the image was not in the frontoparallel plane in
both Experiment 1a and Experiment 1b. The interaction between symmetry and perspective
is driven by larger differences in the symmetry compared to the asymmetry case. However,
responses were also faster overall for symmetry, and the effect of perspective angle was
in the same direction. Similarly, the interaction involving block in Experiment 1b seems
of little theoretical interest to the present investigation as it is due to a small difference in
response time within a pattern that is consistent across all conditions (i.e., faster responses
for frontoparallel stimuli compared to perspective stimuli).
The prediction that it should be easier to extract symmetry information from polygon
stimuli, as opposed to Gabors, was not confirmed. In neither Exp1a nor Exp1b there was
an interaction between angle and type.
4. Experiment 2. Materials and Methods
In Experiment 2, we asked participants to express how much they liked each pattern.
The stimuli were the same as those used in Experiment 1a. Experiment 2 also tested
whether preference for symmetry in perspective depends on individual differences, and in
particular on a bias present in some individuals to report the first response that comes to
mind. To test this hypothesis, we included in this experiment the Cognitive Reflection Test
(CRT, [47]).
4.1. Participants
One hundred and forty-eight participants took part in Experiment 2 (twenty-two
males). They were naive with respect to the specific hypothesis of the study, and had not
taken part in Experiment 1.
4.2. Design and Procedure
There were four within-subjects factors: Regularity (symmetry, asymmetry), Stimulus
Type (Gabors, Solid Polygons), Angle (frontoparallel, perspective), and Colour (black,
white). Stimuli were generated with a Python script as in Experiment 1. They were
presented in random order for a total of 64 trials. Before the start of the experiment, there
was a practice session of eight trials. The whole experiment lasted approximately ten to
fifteen minutes. On each trial, the participant saw a pattern on the screen and was asked to
decide how much they liked it using an analogue scale. The two poles of the scale were
labelled “not at all” and “very much”. For the purpose of data analysis this distance was
recorded as a number between 0 and 100.
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After this part of the study, each participant was also asked to answer three questions
(CRT test). These were presented on the screen and for each there was a text box in which
participants could type their answer.
5. Experiment 2. Results
Preference scores from Experiment 2 are shown in Figure 5. On average, participants
liked symmetry more than asymmetry, in both frontoparallel and perspective conditions.
Symmetry preference was slightly reduced in the perspective conditions, particularly with
solid polygons.

Figure 5. Results from Experiment 2. Mean preference rating on a scale from 0 to 100. Error bars are
±1 SE of the mean (based on [56]).

We analysed preference scores as recorded using the analogue scale with a repeated
measures ANOVA. The analysis confirmed higher scores for symmetry (F(1,147) = 173.29,
p < 0.001, ηp 2 = 0.54) and for frontoparallel images (F(1,147) = 30.99, p < 0.001, ηp 2 = 0.17).
There was also an interaction between these two factors (F(1,147) = 29.22, p < 0.001, ηp 2 = 0.17).
The factor Type (Gabors and Polygons) interacted with Regularity (F(1,147) = 12.72, p < 0.001,
η p 2 = 0.08). Finally, there was a three-way interaction between these factors (F(1,147) = 5.65,
p < 0.05, η p 2 = 0.04). See Figure 5. With respect to the non-significant effects, there was no
effect of stimulus type (F(1,147) = 0.10, p = 0.755, η p 2 < 0.01), and no significant interaction
between stimulus type and perspective (F(1,147) = 3.64, p = 0.058, η p 2 = 0.02).
The lower scores for images in perspective were expected. It is also interesting that
the perspective cost was specific to symmetric images, and was not present, or smaller, for
asymmetrical patterns, thus producing an interaction between these two factors. Unlike
Experiment 1, in Experiment 2 there was an interaction between regularity and type.
Preference was particularly low (reduced) for polygon stimuli seen in perspective.
We turn now to the analysis of the Cognitive Reflection Test. Here, each participant
could score zero (wrong answer for all three questions), one, two or three (correct answer
to all three questions). On average the score was 1.169 out of 3 (sd = 1.174). In the original
study, undergraduate students in the USA produced means between 0.5 to 1, whereas
students at elite American Universities averaged between 1.5 and 2 [47]. Our results are
therefore in line with predictions.
To the best of our knowledge, the CRT score has never been used before in the
context of beauty judgements. We were first interested in the correlation between CRT
and preference for symmetry. Therefore, for each participant we computed a preference
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for symmetry as a difference score (mean rating for symmetry minus mean rating for
asymmetry). There was no correlation between preference for symmetry and CRT score
(r = 0.010, p = 0.86, Figure 6 left panel). This is in line with expectations; symmetry is always
a strong predictor of preference, in any subgroup of the population [40].

Figure 6. The relationship between CRT score and preference for symmetry (left) and between CRT
score and preference for images shown in the frontoparallel plane (right). In this latter case, only
symmetry images are included. Each dot is one participant.

Next, we computed a preference for the frontoparallel view, by taking the difference
from the perspective view. In this case we only used the symmetry data because, as we
have seen, the preference for the frontoparallel view was specific to symmetry. We expected
a negative correlation because individuals with lower scores on the CRT may be less
sensitive to symmetry when this is harder to see, or less salient. There was no correlation
between preference for frontoparallel view and CRT score (r = 0.003, p = 0.97, Figure 6 right
panel). Overall, we could find no strong evidence that a measure of a tendency to follow
the more obvious and intuitive solution had anything to do with image- or object-level
symmetry preferences.
6. Discussion
Preference for symmetry in familiar and abstract shapes is a well-established phenomenon. It has been confirmed in cross-cultural studies (for a review see [57]), and using
implicit measures of affect [39]. The perceived beauty of symmetry may also be related
to the fact that human visual system is very sensitive to the presence of symmetry in an
image [24].
In our study, patterns were presented as images in the 2D frontoparallel plane or
in perspective. The perspective transformation meant that perfect symmetry was absent
in terms of image or retinal coordinates. That is, for a non-arbitrary viewpoint, objectlevel symmetry is lost at the image level. Although it is possible to detect the presence
of symmetry at the object level, taking view angle into account, this is a challenge for
the visual system. Previous studies have demonstrated how perspective or skew impairs
perception of symmetry [5,15,16,20,55]. Experiment 1 confirmed that perspective increased
reaction time and errors in a classification task. There was a perspective cost even when
stimuli were solid polygons (Experiment 1a) and even when the viewing angle was kept
constant over many trials (Experiment 1b). (In one ERP study, Makin et al. [34] found a
nearly identical response for frontoparallel and perspective symmetry when participants
were attending to symmetry. Assuming that our observers were engaged with the task,
they were attending to symmetry and the brain response to symmetry would have been
similar in the frontoparallel and perspective trials of Experiment 1. In general, factors
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that influence RT and SPN amplitude are tightly coupled [32]. However, the stimuli used
in [34] were different: only one slant angle was used, and there was one axis of symmetry
orthogonal to the rotation).
Experiment 2 was also conducted online. Each participant rated the beauty of the
images used in Experiment 1. In addition, participants completed the Cognitive Reflection
Test (CRT, [47]). We predicted that people who tend to give the more immediate and
intuitive answer on the CRT would show preference for image-level symmetry. Conversely,
people who give more deliberative answers may take the time to form allocentric representations and show equivalent preferences for image- and object-level symmetry. Preference
for symmetry was confirmed in Experiment 2. This symmetry preference was present for
frontoparallel and perspective images but it was reduced in the perspective condition. This
is in line with the prediction that visual salience, in this case the salience of symmetry, is
related to visual preference. However, we could not confirm any relationship between CRT
scores and preference.
In general, our preference results are consistent with the fluency hypothesis [38]. Participants like symmetry most when it can be perceived most efficiently, in the frontoparallel
condition. However, as discussed in the introduction, it is possible to make an alternative
prediction. If preference formation is a process that develops over time, and given that
observers were able in all cases to detect the presence of symmetry in our images, then
one would expect the opposite pattern. That is, based on the idea of a discovery process,
and possibly a “Aha” experience, after shape constancy was achieved, we predicted higher
beauty ratings for symmetry in perspective. Here, the observer has found the presence of
regularity in the image with effort, and pleasure may follow from this discovery [41]. Note
also that some authors have suggested that perfect symmetry can be too regular and slight
deviations from it may be better at driving preference [58]. This hypothesis, however, does
not have empirical support [59].
With respect to the effect of the perspective transformation, we also made an additional
prediction. Specifically we hypothesised a difference at the individual level, reflecting a
more direct and a more reflexive approach [46]. To test this hypothesis, we used the
Cognitive Reflection Test (CRT) in a sample of 148 participants (Experiment 2). Overall,
considering the results from both experiments, there was no evidence that achieving
perceptual constancy added significantly to the aesthetic experience, nor that this process
varies at an individual level.
Animals are often attracted to phenotypic symmetry during mate selection [60,61].
Swaddle [62] points out that evolved symmetry attraction must be directed at objectlevel symmetry, not image-level symmetry, given that perfectly symmetrical images are the
exception in natural viewing conditions. Given this, it is not surprising that our participants
liked symmetry in frontoparallel and perspective conditions. However, it is not clear that
aesthetic preference for abstract symmetry has anything to do with evolved preference
for symmetrical mates. Preference for symmetry may be a more general and universal
principle, as proposed by [63]. Another possibility is that preference for symmetry emerges
from learning about image properties. Neural network modelling has shed light on the
possible dynamics of evolved symmetry preference [64,65]. Symmetrical objects will project
many non-symmetrical images depending on view angle. However, the average of all these
images may still be symmetrical, even though few of the exemplars are. For a trained visual
system, image symmetry becomes a super-stimulus or prototype, which may generate the
strongest response.
In summary, we report evidence in line with many other studies in which observers
show a preference for images containing symmetry, over less symmetrical images. Distortions due to perspective reduced the salience of the symmetry (as shown by longer
response times) and also reduced preference. This pattern was consistent and was not
modulated by differences in measures of intuitive/reflexive biases at the individual level.
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