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Abstract: Symmetric patterns are more appealing to human observers than asymmetric
ones. Here, we investigate the visual information processing mechanisms underlying this
aesthetic preference. All stimuli were derived from phase scrambled versions of forty face
or nature images. In addition to the scrambled images, there were four other types of test
image: symmetric, in which one part of the image was a reflection of another around an
axis; repetitive, in which one part of the image was a copy of the other; anti-symmetric,
similar to symmetric but with the contrast of one side reversed; and interleaved patterns, in
which half of the symmetric pattern was replaced by a scrambled image. The number of
axes ranged from 1 to 16 for all image types. The task of our 20 observers was to give a
preference rating to each image on a 6-point Lickert scale. The preference rating increased
with the number of axes for all stimulus types. The observers showed a similar preference
for symmetric and repetitive patterns and slightly less preference for anti-symmetric
patterns. The preference for interleaved patterns was much less than for other types of
stimuli. Preference for an image cannot be explained by either the ecological significance
of its content or the slope of its amplitude spectrum. Instead, preference can be accounted
for by the complexity of the image.
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1. Introduction

Symmetry occurs when some part of an image is a reflection of another part about a certain axis. It
is a desirable feature in many different types of human aesthetic experience. The importance of
symmetry in architecture and landscape design is well known and has been carefully observed since
the first century BCE, as demonstrated in the classical architectural writer Vitruvius’ thesis [1] writing
in circa 15 BCE, to modern days [2]. It is also a defining factor in a well-designed Zen garden [3]. In
addition, numerous studies have shown that a symmetric face or body (for a review, see [4-6]) is more
attractive than an asymmetric one.

The question we are interested in is why symmetry is so appealing. One possibility is that human
observers like symmetry because it makes ecological sense. Many authors have advocated the
evolutionary origin of human aesthetic preferences [7—9]. In the context of symmetry, it has been
noted that in the wild, animals (which could be potential predators, food sources or mates) tend to be
symmetric while background elements, such as rocks, bodies of water, trees, and hillsides, are largely
non-symmetric [10]. That is, a symmetric object is more likely to be relevant to the survival of an
observer; hence, it pays to take an extra look at it. Furthermore, it is suggested that preference for
symmetry may have evolved for reasons of mate choice [11,12]. Since the degree of symmetry is
correlated with fitness and health in an animal [13], it is theorized that animals prefer symmetry
because it indicates the quality of a mate [11,12]. Females of many species, including insects and
birds, prefer mates with more symmetric ornaments [11,14,15]. In humans, a person with a more
symmetric face or body is considered to be more sexually attractive [16].

Notice that, this ecological approach implies that symmetry is desirable because it represents a
certain desirable quality in an object. That is, it is the symmetric object that appeals to an observer
rather than symmetry per se. However, symmetry preference may arise when there is no relation
between the symmetry of an object and its quality [17,18]. After all, as a quick peek into a
kaleidoscope will show, one can appreciate the aesthetic value of symmetry in abstract patterns that
have no ecological significance. Thus, there must be factors in the image itself that make a symmetric
image appealing. Using a set of random polygons, Days [19] showed that observers prefer patterns that
are neither too complex nor too simple. Vitz [20] also reported a similar effect using randomly drawn
lines. Based on these results, Kaplan and Kaplan [21] proposed that complexity, defined as the number
of visual elements in an image, is one of the major factors that determine whether a scene is appealing
to a human observer. In a symmetric pattern, one can infer the content of half of the image from the
other half. Thus, a symmetric image contains fewer unique image elements, and is less complex, than
an asymmetric image. This reduction of complexity may make symmetry appealing [22].

Recently, there have been attempts to associate the aesthetic value of an image with the amplitude
spectrum slope of that image. It is known that, if one applies a Fourier transform to an image of a
natural scene, the amplitude spectrum of that image decreases with spatial frequency. The relationship
between the amplitude, a, and spatial frequency, f, can be described by the equation a = ¥, where k is
a scalar parameter [23-25]. That is, on log-log coordinates, the relationship between the amplitude and
spatial frequency is a straight line with a slope —k. Graham and Field [26,27] showed that the
amplitude spectrum of paintings also decreases with spatial frequency. Furthermore, the value of slope
k for the paintings, which were created for aesthetic purposes, is greater than randomly sampled nature
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images [26,27]. The implication is that the aesthetic value of an image may be related to the
spectrum slope.

Here, we investigated whether the three hypotheses discussed above could account for the aesthetic
preference for symmetric patterns. We measured the preference rating for different types of images,
including symmetric, anti-symmetric, repetitive, and interleaved patterns with different numbers of
axes (See Figure 1 for examples of stimuli). Previous studies of symmetry preference have focused on
the preference for symmetric objects, such as faces and bodies (e.g., [16]). Here, we derived symmetric
patterns from phase-scrambled images that contained no meaningful structure. If the aesthetic value of
an image is influenced by symmetry per se, we would expect a higher preference specifically for
symmetric patterns over scrambled ones. If preference for symmetry is due to its ecological
significance, then the observers should find symmetric patterns more appealing than any other types of
patterns. On the other hand, if symmetry preference is due to a reduction of image complexity, then we
would expect the observers to have a similar preference for both symmetric and repetitive patterns but
lower preference for the other types. In addition, the preference rating should increase with the number
of axes in symmetric, repetitive, and anti-symmetric patterns. Finally, we tested the amplitude
spectrum hypothesis by calculating the correlation between the spectrum slope of a test image and the
observers’ preference rating for that image.

Figure 1. Examples of stimuli: (a) a phase scrambled image; (b) a symmetric pattern with
four axes; (c) a repetitive pattern with eight axes; (d) An anti-symmetric pattern with 16
axes; (e) an interleaved pattern with four axes; and (f) point symmetry.




Symmetry 2011, 3 446

2. Method
2.1. Stimuli

Figure 1 shows examples of the stimuli used in our experiments. There were five types of pattern:
symmetric, repetitive, anti-symmetric, interleaved, and scrambled. All stimuli were derived from 20 gray
scale images: ten contained a human face and the other ten a nature scene. For each image, we first
applied a Fourier transform to that image. We then randomly scrambled its phase spectrum while
leaving its amplitude spectrum intact. The combination of the scrambled phase spectrum and
amplitude spectrum was then inverse Fourier transformed back to the space domain. The result was the
scrambled image used as the baseline condition in the experiments and the base for deriving other
types of stimuli.

Let f(r, 0) be the luminance of a point on a test image, where r is the distance from that point to the
center of the image and 6 is the angle (in radiance) between the horizontal axis that passes through the
center of the image and the line connecting that point and the center. In the symmetric patterns, one
part of the image was a reflection of another part about the symmetry axis. That is, the luminance of a
pixel on one side of the axis matched that of the corresponding pixel on the opposite side. Hence, the
luminance of a point L(r, ® — 6) on the image was the same as that of the point L(r, ® + 6), where @
defined the orientation of the axis of symmetry. For a pattern with n axis, 6 ranged between 0 and =n/n,
and ¢ was w/i +z, where i = 1,2,...,n, and z determined the orientation offset of the axis of symmetry.
For instance, for n = 1, a horizontally symmetric pattern would have z = 0 while a vertically symmetric
one would have z = /2. In our experiment, the number of axes in an image was 2 where k varied from
0 to 4. That is, there could be 1, 2, 4, 8 or 16 axes in a symmetric pattern. For patterns with 1 or 2 axes
of symmetry, we also measured the effect of axis orientation offset. There were four possible axis
orientations for the one-axis patterns: z = 0 (horizontal), /4 (right diagonal), n/2 (vertical) and 3/4n
(left diagonal). There were two possible axis orientation offsets for the two-axis patterns: z =0 (or “+”
type, with one vertical and one horizontal axis), and /4 (“x” type, with two diagonal axes.) We used
patterns with different orientations because it is easier to detect vertical symmetry [28]. We thus tested
whether this vertical advantage persists in preference. In addition to mirror symmetric patterns, we also
used point symmetry patterns where L(r, ) = L(r, 6 + x).

The luminance of a pixel in the anti-symmetry patterns was the opposite of that of the
corresponding pixel on the other side of the axis. Hence, the anti-symmetric patterns were constructed
by L(r, ® — 0) = —L(r, @ + 0). The positive value denotes an increment of luminance from the mean,
and the negative value a decrement. In the repetition patterns, one part of the image was a copy of another
part on the opposite side of the axis. Hence, they were defined by L(r, 6) = L(r, ® + 6). An interleaved
pattern with n axes was a combination of a symmetric pattern with n/2 axes and the original phase
scrambled image. Pixels with an azimuth 0 in the range (2 < (i — 1)) xzn/nto (2 < (i — 1) + 1) xa/n
were from the symmetric pattern while pixels with 0 in the range (2 < (i — 1) + 1) < a/n to
(2 x i) xxn/n were from the phase scrambled image. There could be 1, 2, 4, 8 or 16 axes for
anti-symmetric, repetitive and interleaved patterns. In total, there were 520 images used in this study,
including 200 symmetric patterns (20 = (4 orientations for 1-axis + 2 orientations for 2-axis, and 1 for
point symmetry and 4-, 8- and 16-axis images), 100 images (20 <5 number of axis) for each pattern
type (anti-symmetric, repetitive and interleaved) and 20 scrambled images.
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All images were windowed by a fourth-power Gaussian function exp(—(x* + y*)/c*) where the scale
constant ¢ was 3.47< The purpose of the Gaussian window was to avoid sharp edges at the borders of
the image and the resulting high spatial frequency ripples in the power spectrum. All were also scaled
to have the same mean luminance and contrast energy.

The images were presented on a TFT-LCD monitor controlled by a PC-compatible computer. The
viewing distance was 50 cm. The pixel size was 1.3" at this viewing distance.

2.2. Procedure

In each trial, a beep sound and the presentation of a fixation point signaled the beginning of the
trial. One test stimulus was then presented at the center of the display and remained there until the
observer made a response. The observers were instructed to press a key to indicate on a 6-point Lickert
scale how beautiful the test stimulus was (1: “not beautiful”, 6: “beautiful”). The observers were
instructed to make the frequency of each response type as even as possible. The purpose of this
instruction was to encourage the observer to anchor the extreme values of the Lickert scale to the
stimuli used in this experiment rather than to objects from their personal experience whose aesthetic
value might span a much greater range than our stimuli. There were 20 exemplars for each type of
pattern. The images were presented in random order.

Each symmetric image was rated by 20 observers while each of the other types of image was rated
by 17 observers. The age of observers ranged from late teens to early 50s. Written consent was
obtained from each observer and written parental consent was obtained for each observer under 18
years old.

3. Result

Wenderoth [28] reported that it is easier for a human observer to detect a vertical symmetric pattern
than a horizontal symmetric pattern, which in turn is easier to detect than one that is diagonal. We thus
first checked whether this vertical advantage effect is prevalent in preference. Figure 2 shows the
preference rating for one-axis symmetric patterns at different orientations. The ratings for scrambled
and point symmetric patterns are also plotted here for comparison. The preference rating for the
vertical symmetric pattern (2.60) was not significantly different than for horizontal (2.50, paired
t(19) = —1.79, p = 0.09), right diagonal (2.63, paired t(19) = 0.79, p = 0.44) and left diagonal (2.51,
paired t(19) = —1.44, p = 0.16) symmetric patterns. Hence, the vertical advantage effect, while
conspicuous in detection, was not observed in preference rating. Figure 3(b) shows the preference
rating for both the “+” (3.07) and: “x” (2.61) types of the two-axis symmetric patterns. The preference
rating for these two types of patterns was statistically significant (paired t(19) = 3.04, p = 0.007). The
observers showed a preference for a combination of vertical and horizontal symmetry over a
combination of two diagonals.
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Figure 2. The preference rating for one- and two-axis patterns with different orientation
offset. The first bar dashed line denotes the preference level for phase scrambled image.
The second to the fifth bars denotes the preference level for the one-axis patterns and
the sixth and seventh, the two-axis patterns. The error bar denotes 1 standard error
of measurement.
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Figure 3. The preference rating for the symmetric (blue closed circles and solid lines),
repetitive (Green open circles and dashed lines), anti-symmetric (red closed squares and
dash-dot lines) and interleaved (open squares and solid lines) patterns. The cyan triangle
denotes the preference rating for the point symmetry patterns. The dashed straight lines
denote the preference level for phase scrambled image. The error bar denotes 1 standard
error of measurement.
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Figure 3 shows the effect of axis number on preference rating. The dashed horizontal line in the
figure denotes the mean preference rating for phase scrambled images. Preference ratings for the one-axis
and two-axis symmetric patterns were averaged over orientation. For symmetric patterns (blue closed
circles and solid lines) in Figure 3, the preference rating increased with the number of axes. This effect
was particularly pronounced for patterns with more than two axes of symmetry. The one-axis
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symmetric patterns had the lowest preference ratings (2.56) of all the symmetric patterns but their
ratings were still statistically significantly higher (paired t(19) = 2.18, p = 0.021 < a = 0.05) than
preference ratings for the scrambled images (2.37). The observers also preferred point-symmetric
patterns (2.60) over scrambled images (paired t(19) = 3.75, p = 0.001). Symmetric patterns with more
axes received even greater preference ratings than the 1-axis and point symmetric patterns. Thus, the
observers always preferred symmetric images even when there was no recognizable structure in
the image.

All other types of patterns also showed the same effect, where preference rating increased with the
number of axes. Where the number of axes was the same, the preference rating was also the same for
the repetitive pattern (Green open circles and dashed lines in Figure 3) as for the symmetric pattern,
and preference was lower for the anti-symmetric patterns (red closed squares and dash-dot lines) than
for the symmetric patterns. However, this difference was statistically significant only for four-axis
patterns. Notice that both repetitive and anti-symmetric patterns with more than two axes are also point
symmetric. Yet their preference rating was greater than the preference rating for point symmetric
patterns with no axis (cyan triangle in Figure 3). Thus, the axis effect was strong for the repetitive and
anti-symmetric patterns even taking the point symmetric property into account.

The preference rating was much lower for the interleaved patterns (magenta open squares and solid
lines) than for the symmetric patterns. This difference was statistically significant when there were
more than two axes. Notice that, at the same axis number, the interleaved patterns contained the same
number of sharp edges as the symmetric patterns. Hence, the axis number effect cannot be explained
by the emergence of sharp edges.

4. Discussion

In this study, we showed that the observers always preferred symmetric patterns over scrambled
images and that their preference increased with the number of axes used in the images. At the same
axis number, preference was about the same for symmetric and repetitive patterns but was slightly
lower for anti-symmetric patterns, while preference for interleaved patterns was significantly less than
for all three other pattern types.

4.1. Comparison between Preference and Detection Performance

The detectability of symmetry is often measured by (1) the coherence threshold, or the minimal
number of symmetric visual elements needed for an observer to tell the difference between symmetric
and asymmetric patterns [29-31]; or (2) reaction time, or the minimal time required for an observer to
make a correct response [32]. Several studies showed that the detectability of symmetry, at least for
1-, 2- and 4-axis patterns, increased with the number of axes [32—-34]. Our result also shows that
preference for symmetric patterns increases with the number of axes. Hence, for the number of axis effect,
there is a correspondence between preference and detectability, at least for 1-, 2- and 4-axis patterns.

Such correspondence, however, is not clear between different types of patterns. It is more difficult
to detect a symmetric pattern when there is noise in the display [29,30]. Our observers also considered
an interleaved pattern to be less appealing than a symmetric pattern. On the other hand, it is easier to
detect symmetry than repetition in an image [33,35] but our data show that preferences for symmetric
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and repetitive patterns are about the same. Our results show that observers prefer symmetry to
anti-symmetry. However, there is no consensus in the literature on the difference in detectability
between anti-symmetry and symmetry. Some studies [36,37] show that the detectability of symmetric
and anti-symmetric patterns was equal, while others [38,39] report that symmetric patterns are easier to
detect. Overall, it seems that there is little correspondence between preference and detection
performance across different types of patterns.

In addition, it is easier to detect vertical symmetry than symmetry of other orientationsin 1-axis
symmetric patterns [28,32], and it is also easier to detect a 2-axis symmetric pattern with a “+” rather
than “x” configuration [32]. However, we did not find that orientation had any effect on preference for
l-axis patterns. Hence, there is also little correspondence between preference and detection
performance in the axis orientation effects.

4.2. Theoretic Implications

Our result is not consistent with the ecological explanation for symmetry preference. All images
used in this study were constructed from phase scrambled images and thus contained no recognizable
objects. Our results show that observers prefer symmetric patterns over scrambled images. This
suggests a preference for symmetry per se, rather than symmetry as a property of an object, consistent
with previous studies [17,18]. Furthermore, while one-axis symmetry is ubiquitous in the natural
world, multiple-axis symmetry is rare. If preference for symmetry results from its ecological
significance, one would expect that one-axis symmetry would be the most appealing type. This is
inconsistent with our result, in which preference increased with the number of axes. In addition,
repetition and anti-symmetry are not considered to be desirable features in natural objects. Yet, the
preference rating was much greater for both anti-symmetric and repetitive patterns than for scrambled
images when the number of axes was greater than two. At the same number of axes, the preference
rating for repetitive patterns was even close to that for symmetric patterns. Therefore, ecological
significance cannot explain our preference for symmetry.

Our observers preferred 4-axis symmetric patterns to 2-axis patterns, which in turn were more
favored than 1-axis patterns. In our experiment, there were 40 instances of 1-axis symmetric
patterns (four axis orientations) but only 20 instances of the 2-axis (2 axis orientations) and 10 instances of
the 4-axis patterns. This difference in the number of instances might lead one to argue that novelty
may have played a role in our result. After all, there are studies showing that observers might prefer
novel stimuli to familiar ones [40,41]. This argument, however, has a severe limitation. Notice that our
observers preferred 1-axis symmetric patterns to scrambled patterns, even though the latter occurred
only 1/4 as frequently. In addition, our observers also preferred 4-axis repetitive patterns to
2-axis and 1-axis ones. Yet, the number of instances of repetitive patterns was the same for all
numbers of axis. Hence, novelty cannot explain our result.

Next, we examined the effect of spatial frequency content on preference. For this purpose, we did a
Fourier transform on all the test images. We then did a rotation average over the two-dimensional
amplitude spectrum of each image. The purpose of this operation was to average the Fourier amplitude
over orientation at every spatial frequency and thus reduce the spectrum from two-dimensional to one-
dimensional. Empirically, we would expect this one-dimensional spectrum obtained from a nature
scene [25] to be a straight line in log-log coordinates. That is, the relationship between the amplitude,
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a, and spatial frequency, f, can be described by the equation a = f ¥, where k is a scalar parameter. Our
images also showed the same property. We fit this function to the amplitude spectrum of each image
between 4 cycles per image and the Nyquist limit of the horizontal dimension to get the amplitude
slope on log-log coordinates.

Figure 4 plots the averaged preference for each type of image against the averaged amplitude
spectrum slope. In general, preference increased as the spectrum slope became shallower. Despite the
wide spread of the data in this plot, a linear regression analysis showed that the slope parameter was
significantly different from zero (t(1) = 5.04, p < 0.001). The correlation between the two was 0.68.
Hence, at first glance, it seems our result is consistent with the notion that the aesthetic value of an
image depends on its amplitude spectrum slope.

Figure 4. The relationship between preference and spectrum slope. Each dot represents
one type of pattern at one axis number. A linear regression analysis (R® = 0.47) can account
for this effect with preference = 9.52 + 4.5 x(spectrum slope).
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However, a detailed analysis shows that this spectrum slope effect may simply be coincidental.
Notice that, in our result, preference rating increased with axis number. As shown in Figure 5,
spectrum slope also becomes shallower as the axis number increases. This relationship between the
spectrum slope and number of axes is expected. After all, a symmetric pattern with 2™ axes can be
considered to be a combination of two 2"-axis symmetric patterns each, times a square wave with a
radial frequency n/2" of opposite phase. Hence, as axis number increases, the radial frequency of the
square wave also increases. As a result, an image with a high number of axes has more high frequency
content and its amplitude does not decrease with spatial frequency as fast as an image with fewer axes.
Thus, it is likely that the observers preferred images with a shallow spectrum slope only because they
have more axes.
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Figure 5. Spectrum slope increases with axis number.
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This point is clearer if we also consider the effect of stimulus type. Our result shows that preference
can differ for various types of stimuli. Yet, since all our stimuli were derived from the same set of
phase scrambled images, when the number of axes is the same there is no reason that the spectra for
different types of stimuli would be different, except for some sampling variation. Therefore, at the
same axis number, the spectrum slope may not be able to explain preference for different types of
images. To test this hypothesis, we replotted the data in Figure 4, normalized by the mean preference
at each axis number (Figure 6). Once the axis number effect was excluded, there was little correlation
between preference and spectrum slope. A linear regression analysis showed that the slope parameter
was not significant from zero (t(1) = 0.18, p = 0.88 > 0.05). In addition, the partial correlation between
preference and spectrum slope was only 0.02 after the axis number effect was controlled. Therefore, it
is obvious that spectrum slope cannot explain the stimulus type effect.

Figure 6. The relationship between normalized preference and spectrum slope. Each dot
represents one type of pattern at one axis number. Once the axis number effect is excluded,
there is little correlation between preference and spectrum slope. The R? for the linear
regression analysis was only 0.01.
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Next, we considered whether complexity reduction could account for preference. Complexity of an
image is defined as the number of elements in that image [21]. In a symmetric image, one part of the
image is a reflection of another part of the image about an axis. Each side of a symmetric axis contains
the same information. Thus, a symmetric pattern is less complex than an asymmetric one. Similarly, in
a two-axis symmetric pattern, one can infer the whole image from the information in just 1/4 of the
image. Therefore, a two-axis symmetric pattern is less complex than a one-axis one, and so on and so
forth. Thus, the complexity of an image reduces with axis number.

Here, we see a clear relationship between complexity and preference: as axis number increases,
complexity decreases while preference increases. Thus, preference is inversely proportional to
complexity. This relationship also exists for different types of stimuli. In a repetitive pattern, one part
of the image is a copy of another across the axis. With the same number of axes, a repetitive pattern
should have the same complexity as a symmetric pattern. This is consistent with our result that, at the
same axis number, the preference rating for repetitive patterns was similar to that for symmetric
patterns. An anti-symmetric pattern is quite similar to a symmetric pattern except that the two parts of
the image are opposite in luminance contrast. That is, there is one extra transform for the
anti-symmetric pattern across the axis. Hence, an anti-symmetric pattern should be slightly more
complex than a symmetric pattern with the same number of axes. This is also consistent with our
finding that preference is lower for anti-symmetric patterns than for symmetric patterns. Finally, an
interleaved pattern has half of the pattern from a scrambled image with no meaningful structure.
Hence, its complexity is greater than that of other types of patterns. As a result, the preference is lower
for interleaved patterns than any other types. Therefore, complexity can account for the effect on
preference of not only the axis number but also image type.

It is not yet clear why the reduction of complexity should make an image more appealing. One
possible reason is that the reduction of complexity in the image also reduces the cognitive loading of
the observer analyzing the image [21,42]. This would in turn reduce the arousal level of the observer,
making the image more pleasant [43,44]. However, in order for this to work, the observer has to be
able to pick up cues that the presented image is symmetric at the first glance, and then take advantage
of the redundancy in the image before investing too much cognitive effort in analyzing it. Hence, it
should be easier for an observer to tell the difference between an aesthetically preferred image and a
non-preferred one from a random image. However, as discussed in the previous section, there is not
always a correspondence between preference and detection performance.

The other possibility is that the reduction of complexity improves “goodness” of the image [45].
Since, in Gestalt theory, observers tend to organize visual elements by principles of goodness, a better
image should be more easily picked up by the observer. However, there is also difficulty with this
interpretation, due to the fact that there is not always a correspondence between preference and
detection performance. In addition, while we found that preference increased with the tested number of
axes, there may not be a monotonic relationship between goodness and the number of axes in multiple
symmetric patterns [46].

Our interleaved patterns drew half of their pattern from a scrambled image while the other half
contained repetitive copies of the same image slice. For instance, a 16-axis interleaved pattern would
contain 32 slices (see Figure 1):16 slices that had no relationship to each other and 16 that were
identical. Hence, there were unique image elements in half of the image plus a slice in an interleaved
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pattern. Thus, one would not expect preference for an interleaved pattern to exceed that for a 1-axis
repetitive or symmetric pattern which had unique image elements in only half of the pattern. However,
while this prediction holds for interleaved patterns with 8 axes or fewer, it is not true for the 16-axis
interleaved patterns (Figure 3). Therefore, there may be other factors than complexity involved when
there is an irregularity introduced to the image, as suggested by Boselie and Leeuwenberg [47].

5. Conclusion

In this study, we showed that observers always preferred symmetric patterns over scrambled images
and that this preference increased with axis number. Where the number of axes was the same,
preference for symmetric patterns was about the same as for repetitive patterns, but was slightly higher
than for anti-symmetric patterns. Preference for the interleaved patterns was significantly less than for
the symmetric, repetitive, and anti-symmetric patterns. Our result cannot be explained by the
ecological significance of symmetry, because: (1) what observers prefer is symmetry per se, not
symmetric objects; (2) the observers prefer patterns with a higher number of axes, even though their
occurrence is more rare; and (3) observers also preferred repetitive and anti-symmetric patterns, which
have no known ecological value. Spectrum slope, although it has an effect that is consistent with axis
number, cannot explain the difference in preference between various stimulus types. Our result,
however, is consistent with the notion that preference is inversely proportional to the complexity of
an image.
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