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A shared fractal aesthetic across development
Kelly E. Robles 1✉, Nicole A. Liaw1, Richard P. Taylor1, Dare A. Baldwin1 & Margaret E. Sereno1

Fractal patterns that repeat at varying size scales comprise natural environments and are also

present in artistic works deemed to be highly aesthetic. Observers’ aesthetic preferences vary

in relation to fractal complexity. Previous work demonstrated that fractal preference con-

sistently peaks at low-to-moderate complexity for patterns that repeat in a statistical manner

across scale, whereas preference for exact repetition fractals peaks at a higher complexity

due to the presence of order introduced by symmetry and exact recursion of features.

However, these highly consistent preference trends have been demonstrated only in adult

populations, and the extent to which exposure, development, or individual differences in

perceptual strategies may impact preference has not yet been established. Here, we show

differences in preference between fractal-type, but no differences between child and adult

preferences, and no relationship between systemizing tendencies (demonstrated by the

Systemizing Quotient and Ponzo task) and complexity preferences, further supporting the

universality of fractal preference. Consistent preferences across development point toward

shared general aesthetic experience of these complexities arising from a fluency of fractal

processing established relatively early in development. This in part determines how humans

experience natural patterns and interact with natural and built environments.
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Introduction
Fractal aesthetics of nature and art. The aesthetics of nature are
influenced by fractal complexity (Mandelbrot, 1982; Taylor et al.,
1999). Recursion (the number of pattern repetitions across scales)
and fractal dimension D (the rate of pattern shrinkage between
repetitions) set the relative contributions of coarse-to-fine struc-
ture for the overall fractal pattern, thus determining its visual
complexity (Boselie and Leeuwenburg, 1985; Eysenck, 1942). The
character of the pattern repetition (“statistical” versus “exact”)
further influences perceived complexity, as does the degree of the
pattern’s spatial symmetry (the presence of invariant geometric
transformations such as reflections and rotations). The depen-
dence of aesthetic preference on complexity has been established
for both statistical (Fig. 1A, B) (Hagerhall et al., 2015; Taylor
et al., 2011 as a review) and exact (Bies et al., 2016a) (Fig. 1C, D)
repetitions of fractal patterns.

Statistical fractals are prevalent in natural scenery (e.g. trees,
mountains, clouds, rivers) (Mandelbrot, 1982) and preference for
them has been shown to peak at low–moderate complexity
(approximately D= 1.3–1.4 on a scale between D= 1.1 and 1.9)
and steadily decrease with additional complexity (Taylor et al.,
2011; Taylor and Sprott, 2008). The paintings of Jackson Pollock
reflect these findings in that the artist’s layering of paint
establishes a fractal structure (Taylor et al., 1999, 2007), and
preference for cropped black and white versions of these works
peaks at mid-complexity (Spehar et al., 2003). Moreover,
traditional and contemporary art from diverse cultures contain
fractal properties (Graham and Field, 2008; Graham and Redies,
2010), suggesting a universal preference for patterns of low-
moderate perceived complexity with subgroups of preference for
different D-values (Bies et al., 2016a; Spehar et al., 2016; Street
et al., 2016; Pyankova et al., 2019). Notably, an analysis of famous
artworks indicates preference for lower D-values with age-related

conditions including Alzheimer’s and Parkinson’s diseases
(Forsythe et al., 2017). Contrasting the overall preference for
low–mid-complexity statistical fractals, increased tolerance of
fractal complexity elicited by the symmetries and precise
repetition of exact fractals generates preference for higher D-
values (Bies et al., 2016a).

Previous research indicates that heightened preference and
psychophysical performance are associated with common
low–moderate natural patterns (Spehar et al., 2003; Sprott,
1993; Taylor et al., 2005) reminiscent of savanna scenes (Falk
and Balling, 2010). Fractal Fluency theory suggests the visual
system is tuned, either through repeated exposure or evolutionary
mechanisms, to better process complexities most encountered in
the surrounding natural environment (Falk and Balling, 2010;
Taylor et al., 2018, Hagerhall et al., 2008) and it is this efficiency
that leads to fractal preference. In contrast, unnatural Euclidean
patterns and environments have been linked to increased strain
on the visual system producing headaches (Penacchio and
Wilkins, 2015) and lower aesthetic preference (Taylor, 1998).
Additional studies recommend installations of naturalistic
low–moderate D fractals to reduce occupants’ stress levels in
built environments (Hagerhall et al., 2015; Taylor et al., 2005).
Combined, the above studies highlight the importance of
understanding fractal fluency for optimizing our visual environ-
ments across all age groups.

Impact of individual differences and age. Perceptual integration
of contextual information varies across development and can
impact susceptibility to visual illusions (Hadad, 2018). Differences
in general perceptual strategies or age-related handling of con-
textual information may alter the perception of patterns, either by
influencing the degree to which local compared to global features

Fig. 1 Fractal stimuli. A–D Examples of the two statistical A and B and two exacts C and D fractal seeds used in the experiment. The sequence of images
depicts the progression from low (D= 1.1 on the far left) to high (D= 1.9 on the far right) complexity.
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of patterns are processed (Billington et al., 2008), or the degree of
contextual experience and familiarity an individual has with
different pattern complexities (Roder et al., 2000). A local bias
reflecting a predilection for small-scale, detailed structure might
guide preference for more complex patterns, whereas a global bias
may produce a preference for larger scale structure which is more
discernable in patterns with low–mid range complexity. Likewise,
the so-called Goldilocks effect may account for changes in pre-
ference (Kidd et al., 2012). Beginning in infancy, an individual
incrementally acquires knowledge of more complicated and novel
aspects of the surrounding environment, thus gradually learning
how to comprehend more complex patterns and concepts. After
decades of exposure to natural patterns, this theory suggests that
understanding of visual patterns will have deepened compared to
that of early childhood, shifting preference towards the most
complex patterns an individual can process (Roder et al., 2000;
Kidd et al., 2012). To define the impact of these factors on fractal
aesthetics, it is vital to consider a wider sample of participant ages
(children as well as adults) and account for the impact of indi-
vidual perceptual biases (determined by assessing Systemizing
Quotient (SQ) scores (Baron-Cohen et al., 2001) and suscept-
ibility to global context effects in the Ponzo Task (Hadad, 2018),
see Fig. 2 (Walter et al., 2008)). Overall, if robust trends found in
adults are present in children (especially since few tasks result in
steady performance across a wide age gap (Stevenson, 1972)), it
would support the conclusion that these preferences are likely
resulting from a common visual tuning established earlier in life.
This would be of notable interest in part because early life is often
largely spent in Euclidian shelters, which are inherently less
complex than nature’s fractal environments (Clements, 2004).

Methods
Participants. To examine the extent to which preference for
complexity in fractal patterns may change across development,
178 participants comprised of students from the University of
Oregon and guests of the Eugene Science Center were recruited
for the current study. Eighty-two of the participants were adults

recruited through the University of Oregon’s SONA participant
pool system (75 females, age ranging between 18 and 40 years,
mean age 20 years old), and the other 96 participants were
children between the ages of 3 and 10 years old (43 females, mean
age 6.5 years old) who visited the Eugene Science Center. We
sampled roughly equal numbers of male and female children
from each age range (3–4, 5–6, 7–8, and 9–10 years old), and at
least 20 children were recruited for each age group. Adult parti-
cipants received class credit for their participation in the current
study, whereas child participants received either stamps or
stickers for their time. Informed consent was acquired following
protocol approved by the Institutional Review Board at the
University of Oregon. Consent for child participants was obtained
through a consent form signed by the child’s parent or legal
guardian in addition to verbal consent from the child, whereas
adult participants completed a single consent form.

Visual displays. Stimuli were displayed on a Microsoft Surface-
Pro touch screen electronic tablet which was placed on a table in
front of participants and propped up at an angle within reaching
distance ~25 cm from the participants. Questionnaires given to
adult participants were presented on an additional hand-held
touch screen electronic tablet (iPad) while child participants
completed perceptual tasks.

Stimuli and tasks
Fractal stimuli and preference task. Fractals are complex because
they possess structural similarity across scales. Exact fractals are
built by precisely repeating a pattern at different magnifications.
In contrast, statistical fractals are built by introducing random-
ness into their construction which disrupts the precise repetition
such that only the pattern’s statistical qualities repeat across
scales. Two sets of statistical (Fig. 1A, B) and exact (Fig. 1C, D)
fractals were used. Exact midpoint displacement fractals (Fig. 1C)
were generated according to an algorithm described by Fournier
(Fournier et al., 1982; Bies et al., 2016a, b). Exact H-tree fractals
(Fig. 1D) repeat an H-pattern at increasingly fine size scales. The
statistical fractals were created using a variant of the midpoint
displacement method (Fournier et al., 1982; Bies et al., 2016b).
Two different sets of statistical fractals of varying complexity were
generated from two different seeds. The complexity of a fractal
pattern is determined by the rate at which the exact or statistical
pattern deceases in size with each iteration of the repetition
process (Mandelbrot, 1982; Taylor et al., 2011). The rate is set by
the pattern’s fractal dimension or “D”, which ranges from 1.1 to
1.9 (1.1, 1.3, 1.5, 1.7, and 1.9) in our stimulus sets (see Fig. 1 for
an example stimulus set).

Participants viewed either exact or statistical fractal patterns
presented in two randomized blocks, with each block consisting
of only one fractal pattern stimulus set (exact midpoint
displacement or H-tree; statistical midpoint displacement seed
#1 or #2). Each stimulus set consisted of five unique patterns of
different complexity or D-value (e.g., Fig. 1A). A two-alternative
forced choice task was used, resulting in 10 trials (10 fractal pairs)
per block. All fractal pattern complexities were paired once within
a block, resulting in each complexity being presented four times
within a block. Stimulus pairing and presentation order were
random with the constraints that (1) all fractal pattern complex-
ities were paired only once, (2) half of the 10 trials consisted of
patterns with higher complexity on the right side and half on the
left side, and (3) each pattern of a given complexity appeared on
both left and right sides. Between trials, a smiley face icon served
as a fixation point that had to be touched to produce the next pair
of images.

Fig. 2 Depiction of the Ponzo task. Depiction of the Ponzo task.
Surrounding contextual information provided by the vertical lines influences
the accuracy of length judgements of the horizontal lines. Greater
susceptibility to this illusion is related to a global processing bias.
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Ponzo stimuli and task. Following the fractal preference task,
participants completed 10 trials of a Ponzo task. In this task
participants were presented with vertical lines angled towards the
centre of the screen and two horizontal lines placed between the
slanted vertical lines in the upper and lower halves of the screen
(see Fig. 2 for an example stimulus). The length of each horizontal
line was randomly generated such that it did or did not intersect
the vertical lines, and each horizontal line was larger or smaller
than the other. Participants adjusted the lower line to match the
length of the upper line. Accuracy and directional bias of
adjustments were measured as a difference in pixels between the
upper and lower-line segments and whether these adjustments
overestimated or underestimated the target length.

Questionnaire. After the fractal preference and Ponzo tasks, all
adult participants completed the SQ questionnaire. The quotient
was determined based upon participants’ ratings of the degree to
which the statements were like or unlike themselves, which
provided a score of overall systemizing and emotional tendencies
(Baron-Cohen et al., 2001). A children’s SQ (Auyeung et al.,
2009) was completed by parents or guardians on a separate
electronic tablet while child participants completed the fractal
preference and Ponzo tasks.

Procedure and design. Participants were presented with either
exact or statistical fractals and completed three practice trials
prior to two blocks of two alternative forced choice decisions. The
practice stimuli were different than the experimental stimuli.
Participants were instructed to touch the fixation image to initiate
the presentation of pairs of fractal patterns. Image pairs remained
on the screen until participants made a selection by physically
touching the image they preferred (“liked best”). Upon comple-
tion of the fractal preference task, participants were presented
with a Ponzo illusion task. In this task participants were
instructed to drag their finger along a line segment to adjust its
length until it matched the length of a parallel line segment
positioned above it. Adult participants completed an online
questionnaire that contained demographic questions as well as
the SQ. Parents or guardians of child participants completed a
children’s version of this questionnaire while the child completed
the other tasks. Throughout the experiment, researchers sat next
to child participants and encouraged children to maintain focus
on the tasks. At the conclusion of the experiment all participants
were compensated and debriefed according to the protocols
approved by the Institutional Board at the University of Oregon.

Results
Data from 82 adult participants (between 18 and 33 years old)
and 96 child participants (between 3 and 10 years old) were
retained from the 83 adults and 118 children who participated in
the experiment. Data were excluded due to failure to (a) complete

the study, (b) comprehend instructions, or (c) maintain focus
during the experiment.

Fractal preference task. A three-way mixed 5 × 2 × 2 ANOVA
(D-value (1.1, 1.3, 1.5, 1.7, 1.9) × age (3–10-year-old children, and
18 years and older adults) × Fractal-Type (statistical, exact)) was
performed using IBM SPSS Statistics for Macintosh, Version
25.0) on preference data for the fractal patterns (recorded as
proportion of trials a given pattern was chosen in a two-
alternative forced choice pairing), with D-value as a within-
subjects variable and Fractal-Type and Age as between-subjects
variables (see Table 1). Mauchly’s test indicated a violation of
the assumption of sphericity for D-value (χ2(9)= 292.18, p <
0.001**). Therefore, degrees of freedom were corrected using
Greenhouse–Geisser estimates of sphericity (ε= 0.521). As indi-
cated by a single asterisk for statistical significance of p < 0.05 and
double asterisk for significance of p < 0.001, only a significant
main effect of D-value emerged in the analysis (F(2.08,
362.67)= 3.79, p= 0.02*, 95% CI [0, 0.06], ηp2= 0.02), [Age (F
(1, 174)= 0.001, p= 0.97, 95% CI [0, 0.001], ηp2 < 0.001) and
fractal-type (F(1, 174)= 2.13, p= 0.15, 95% CI [0, 0.06],
ηp2= 0.01)]. Furthermore, no significant interactions appeared
between D-value and age (F(2.08, 362.67)= 2.37, p= 0.09, 95%
CI [0, 0.04], ηp2= 0.01), fractal-type and age (F(1, 174)= 0.001,
p= 0.97, 95% CI [0, 0.001], ηp2 < 0.001), or among D-value,
fractal-type and age (F(2.08, 362.67)= 0.36, p= 0.71, 95% CI [0,
0.02], ηp2= 0.002). The sole significant interaction was between
D-value and fractal-type (F(2.08, 362.67)= 2.94, p= 0.05*, 95%
CI [0, 0.05], ηp2= 0.02) (see Fig. 3). A follow-up three-way mixed
5 × 4 × 2 ANOVA (D-value (1.1, 1.3, 1.5, 1.7, 1.9) × age (3–4, 5–6,
7–8, and 9–10-year-old children) × fractal-type (statistical, exact))
was performed on child participant data (see Table 2). Once
again, Mauchly’s test indicated a violation of the assumption of
sphericity for D-value (χ2(9)= 88.30, p < 0.001**), thus degrees
of freedom were corrected using Greenhouse–Geisser estimates of
sphericity (ε= 0.634). No significant main effects were uncovered
[D-value (F(2.54, 223.28)= 2.35, p= 0.08, 95% CI [0, 0.07],
ηp2= 0.03), age (F(3, 88)= 1.05, p= 0.38, 95% CI [0, 0.11],
ηp2= 0.03) and Fractal-Type (F(1, 88)= 0.97, p= 0.33, 95% CI
[0, 0.09], ηp2= 0.01)]. The only significant interaction was
between D-value and fractal-type (F(2.54, 223.28)= 3.49,
p= 0.02*, 95% CI [0, 0.09], ηp2= 0.04) (see Fig. 3, middle panel).

A series of planned comparisons on the full data set explored
the locus of the significant interaction between D-value and
fractal-type. Average preference for statistical fractals ranged
from a low of 0.18 (SD= 0.14) for D= 1.9 to a high of 0.23
(SD= 0.09) for D= 1.3. Paired samples t-tests revealed that mean
preference differed significantly between D= 1.1 (M= 0.18,
SD= 0.12) and 1.3 (M= 0.23, SD= 0.09) [t(85)=−4.55, p <
0.001**, 95% CI [−0.17, −0.07], d= 0.45], D= 1.3 and 1.9
(M= 0.18, SD= 0.14) [t(85)= 2.03, p= 0.046*, 95% CI [−0.002,
0.24], d= 0.41], as well as D= 1.7 (M= 0.21, SD= 0.09) and 1.9

Table 1 Mixed ANOVA across D-value, age, and fractal type.

df numerator df denominator F p ηp2 95% CI

D-value (1.1, 1.3, 1.5, 1.7, 1.9) 2.08 362.67 3.79 0.02* 0.02 0, 0.06
Age (adult or child) 1 174 0.001 0.97 <0.001 0, 0.001
Fractal-type (exact or statistical) 1 174 2.13 0.15 0.01 0, 0.06
D-value * age 2.08 362.67 2.37 0.09 0.01 0, 0.04
D-value * fractal-type 2.08 362.67 2.94 0.05* 0.02 0, 0.05
Age * fractal-type 1 174 0.001 0.97 <0.001 0, 0.001
D-value * age * fractal-type 2.08 362.67 0.36 0.71 0.002 0, 0.02

*p < .05 are statistical significance
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[t(85)= 2.26, p= 0.027*, 95% CI [0.01, 0.14], d= 0.24]. Seen in
Fig. 3—right panel, across the five fractal complexities, preference
for statistical patterns peaked with low–moderate D and
decreased with more extreme D-values. Regarding exact fractals,
average preference increased with additional complexity from a
low of 0.17 (SD= 0.11) for D= 1.1–0.22 (SD= 0.11) for D= 1.9.
Preference for exact patterns differed significantly between
D= 1.1 (M= 0.17, SD= 0.11) and 1.5 (M= 0.21, SD= 0.07) [t
(91)=−2.83, p= 0.006*, 95% CI [−0.18, −0.03], d= 0.44],
D= 1.1 and 1.7 (M= 0.22, SD= 0.09) [t(91)=−2.73,
p= 0.008*, 95% CI [−0.22, −0.03], d= 0.49], D= 1.1 and 1.9
(M= 0.22, SD= 0.11) [t(91)=−2.59, p= 0.011*, 95% CI
[−0.23, −0.03], d= 0.48], D= 1.3 (M= 0.18, SD= 0.08) and
1.5 [t(91)=−2.15, p= 0.034*, 95% CI [−0.12, −0.005],
d= 0.32], as well as D= 1.3 and 1.7 [t(91)=−2.11, p= 0.038*,
95% CI [−0.16, −0.005], d= 0.38] (see Table 3). Paired
independent samples t-tests between preference for exact and
statistical patterns across the five D-values demonstrated that
preference for only two D-values were significantly impacted by
fractal-type, D= 1.3 (t(176)=−3.30, p < 0.001**, 95% CI [0.22,
0.8], d= 0.52) and D= 1.9 (t(159.28)= 2.18, p= 0.030*, 95% CI
[−0.62, −0.03], d= 0.32). For D= 1.3, exact fractal patterns
elicited a significantly lower preference score (M= 0.18,
SD= 0.08) than statistical patterns (M= 0.23, SD= 0.09).
Conversely, for D= 1.9, exact fractal patterns engendered a
significantly higher preference score (M= 0.22, SD= 0.11) than
that of statistical patterns (M= 0.18, SD= 0.14).

To summarize, in a direct comparison of preference for exact
and statistical fractals of differing complexity, our findings

confirmed the established trends of a preference for
low–moderate complexity D-values for statistical fractals (Taylor
et al., 2011) and higher D-values for exact fractals (Bies et al.,
2016a). Importantly, the lack of a significant effect of age on
preference for D-values (no age ×D-value interaction) suggests
that preferences for fractal patterns are stable by early childhood.
While the effect sizes for the F-tests are generally small, they are
in alignment with results from previous research (Street et al.,
2016) which demonstrate a wide range of effect sizes for
preference tasks.

Individual differences tasks. The Ponzo task was completed by
82 adult and 29 child participants. Task accuracy was recorded as
average difference in pixels (error) between the adjusted and
target line lengths. Overall participant error was 33.24 pixels
(SD= 37.11). Average adult error was 24.82 pixels (SD= 24.38),
while average child error was 41.66 pixels (SD= 45.09). SQ scores
were recorded as point totals for agreement with a series of
statements regarding systemizing tendencies. SQ scores for adults
can range from 0 to 150, whereas the children’s version of the
questionnaire is roughly half the length with scores ranging from
0 to 56. Adults averaged an SQ score of 63.7 (SD= 20.68) points,
while children averaged 25 (SD= 8.15) points.

We completed independent samples t-tests comparing adults’
and children’s Ponzo and SQ scores and a correlational analysis
between SQ scores and Ponzo errors, since previous work links
susceptibility to visual illusions that rely on context (including the
Ponzo illusion) to lower SQ scores (Billington et al., 2008; Walter
et al., 2008). Child and adult SQ scores were first standardized
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Fig. 3 Participant data demonstrating interaction between D-value and fractal-type. Adult (left panel), child (middle panel), and all (right panel)
participant data demonstrating an interaction between D-value and fractal-type. Fractal preference for both children and adults rose steadily for exact
fractal patterns and peaked at higher complexity. Preference for statistical fractals peaked at low–moderate complexity (D= 1.3) and decreased with
additional complexity. All sets of data were fit with second-order polynomial functions (dashed lines).

Table 2 Mixed ANOVA across D-value, ages, and fractal type.

df numerator df denominator F p ηp2 95% CI

D-value (1.1, 1.3, 1.5, 1.7, 1.9) 2.54 223.28 2.35 0.08 0.03 0, 0.07
Ages (3–4, 5–6, 7–8, 9-10, +18) 3 88 1.05 0.38 0.03 0, 0.11
Fractal-Type (exact or statistical) 1 88 0.97 0.33 0.01 0, 0.09
D-value * ages 7.61 223.28 1.49 0.17 0.48 0, 0.08
D-value * fractal-type 2.54 223.28 3.49 0.02* 0.04 0, 0.09
Ages * fractal-type 3 88 1.05 0.38 0.03 0, 0.11
D-Value * ages * fractal-type 7.61 223.28 0.36 0.76 0.02 0, 0.02

*p < .05 are statistical significance

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-020-00648-y ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |           (2020) 7:158 | https://doi.org/10.1057/s41599-020-00648-y 5



since they were recorded on different scales. A t-test comparing
standardized SQ scores for adults versus children revealed no
significant age-related differences in systemizing tendencies [t
(109)= 0, p= 1.0, 95% CI [−0.42, 0.42], d= 0.00]. After log
transforming Ponzo scores to address their non-normal distribu-
tion, a t-test comparing Ponzo scores for these groups showed
significant age-related differences in Ponzo task accuracy [t(162)=
−4.91, p < 0.001**, 95% CI [−1.08, −0.45], d=−0.77] (see
Table 4). Distributions of the child data may have been particularly
affected by attrition (due to inadequate comprehension of Ponzo
task instructions by some child participants and lack of SQ
completion by parents). No significant correlation was detected
between SQ and Ponzo scores (r=−0.12, p= 0.22) likely
explained by prior research regarding age-related differences in
illusion susceptibility (Hadad, 2018). A one-tailed correlational
analysis on SQ scores and Ponzo error in adult participants alone
(n= 82) detected a significant correlation (r=−0.21, p= 0.028*)
(with higher SQ scores relating to reduction in Ponzo errors), and
was performed since the link between visual illusion susceptibility
and SQ scores was previously established only in adult participants
(Walter et al., 2008) and attrition of child participants (n= 23)
reduced the data available.

To determine if individual differences in perceptual strategies
(measured by either the SQ or Ponzo test) could significantly
explain variance in fractal preference, we performed a 2-step
multiple linear regression analysis to predict fractal preference
from fractal-type, D-value, SQ score, and Ponzo error (see Table
5). The first step of the model, including fractal-type, D-value,
and the interaction of the two variables, significantly explained
variance in preference (F(3, 886)= 5.98, p < 0.001**, R2= 0.02,
95% CI [0.0, 0.04]). The second step, adding SQ scores and Ponzo
error to the model, was unable to significantly account for
additional variance in fractal preference (F(5, 519)= 0.66,
p= 0.66, R2= 0.01, 95% CI [0.0, 0.02]). To rule out the impact
of possible differences in data due to child participant attrition
and SQ test dissimilarities, an additional regression was
completed to predict adult preference alone, with a model
containing SQ score and Ponzo error F(2, 407)= 0.00, p= 0.99,
R2 < 0.001, 95% CI [0.0, 0.0]) (see Table 6). This model also failed
to significantly explain variance in fractal preference. Thus,
despite the robust measurement of processing bias in our sample,
no significant linear relationship emerged between these factors
and fractal preference.

Discussion
Fractal patterns that recur in a statistical manner are prevalent in
natural environments (Spehar et al., 2003; Taylor et al., 2018;
Hagerhall et al., 2008) and both statistical and exact fractals are
found in the art of many cultures (Graham and Redies, 2010).
Preference is shown to peak at low–moderate fractal complexity
(D) for statistical fractals and at higher D-values for exact patterns
(Bies et al., 2016a) (since simplicity is introduced into these
patterns though symmetry and exact repetitions), supporting aT
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Table 4 Independent samples t-test across age-category
and perceptual-task.

Child Ponzo
error (in pixels)

Child systemizing
quotient (SQ)

Adult Ponzo error
(in pixels)

t(162)=−4.91** –
d=−0.77

Adult systemizing
quotient (SQ)

– t(109)= 0
d= 0.00

**p < .001 are statistical significance
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Fractal Fluency model in which common natural patterns are
most fluently processed. In the first direct comparison of pre-
ference for statistical and exact fractals, the current study bolsters
previous findings by confirming these robust preference trends
and establishes that these preferences are apparent by early
childhood, suggesting that this common fractal aesthetic is
formed earlier in development.

We investigated the degree to which individual differences in
processing style (assessed using the SQ and Ponzo task) might
account for trends in fractal preference. The presence of a local or
global processing bias could alter preference for pattern complexity
by shifting preference toward higher complexity patterns con-
taining more fine-scale/local detail for a local bias, or, for a global
bias, toward lower complexity patterns in which larger scale forms
are more apparent. Despite a wide range in SQ scores and Ponzo
task performance and replication of a systematic relationship
between these two assessments for adult participants (higher SQ
scores correlate with lower Ponzo task error), no relationship was
found between processing bias and preference for fractal com-
plexity. The non-significant relationship between processing style
and trends in fractal preference might be indicative of a devel-
opmentally early-emerging and broadly universal aesthetic that
reflects the environmental complexity of early-humans as opposed
to the more Euclidian environment experienced by most modern
day children. However, these findings may have been impacted by
underpowered sample sizes (in which the child sample suffered
from attrition on these two assessments), prompting replication in
larger samples to further substantiate this result.

Prior to this study, exposure to and facility in processing
fractal patterns might have been expected to vary across the
lifespan due to environmental and developmental factors. If
fractal aesthetics reflected the most commonly encountered
complexities across repeated exposure, differences would be
expected to arise between individuals who differ in decades of
experience (particularly since typical early life is primarily
spent within Euclidian structures of low visual complexity)
(Clements, 2004). Additionally, change in preference across
childhood from simpler to more complex fractal patterns
would have been expected if pattern comprehension changed
incrementally with age. Instead, our finding of consistent
preference trends across childhood and through adulthood
suggests a stable fractal aesthetic is established early in life.
This leaves open the possibility that an early biological or
evolutionary mechanism optimizes the visual system for pro-
cessing fractals—the most common spatial structure (of
low–moderate complexity) found in nature (Falk and Balling,
2010), supporting a universal Fractal Fluency theory. In
addition to defining possible sub-group behaviours in pre-
ferences across the lifespan (Bies et al., 2016a; Street et al.,
2016), future studies must examine earlier stages of develop-
ment (from infancy to 3 years of age) to further define the
impact of experience with fractal patterns on visual tuning and
the development of what may be a universal aesthetic pre-
ference. Addressing the developmental impact on fluency of
fractal processing is vital to understanding and regulating
aesthetic experiences in both natural and built environments.

Table 5 Two-step regression predicting fractal preference.

df
numerator

df denominator F p R2 95% CI

Fractal preference—fractal type and D-value 3 886 5.98 <0.001* 0.02 0.0, 0.04
Step 1 Beta t p 95% CI for

Beta
Constant 0.24 3.82 <0.001** 0.12, 0.36
Fractal type 0.29 3.24 <0.001** 0.12, 0.47
D-value 0.08 2.64 <0.001** 0.01, 0.25
Fractal type * D-
value

−0.2 −3.30 <0.001** −0.31, −0.08

Fractal preference—fractal type, D-value, SQ score, and
Ponzo error

5 519 0.66 0.66 0.01 0.0, 0.02
Step 2 Beta t p 95% CI for

Beta
Constant 0.35 3.61 <0.001** 0.16, 0.55
Fractal type 0.16 1.30 0.19 −0.08, 0.41
D-value 0.10 1.80 0.07 −0.01, 0.20
Fractal type * D-
value

−0.11 −1.33 0.19 −0.27, 0.05

SQ score <0.001 0.001 0.99 −0.02, 0.02
Ponzo error <0.001 0.00 0.99 −0.07, 0.07

*p < .05 are statistical significance

Table 6 Regression predicting adult fractal preference.

df numerator df denominator F p R2 95% CI

Adult fractal preference—SQ score and Ponzo error 2 407 0.00 0.99 0.01 0.0, 0.0
Beta t p 95% CI for Beta

Constant 0.5 8.46 <0.001** 0.38, 0.62
SQ score <0.001 0.001 0.99 −0.03, 0.03
Ponzo error <0.001 0.00 0.99 −0.09, 0.09

*p < .05 are statistical significance
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Data availability
The datasets analysed during the current study are available in the
Dataverse repository: https://doi.org/10.7910/DVN/E8YPFG.

Code availability
Programme codes for both the fractal preference task and Ponzo
task were written using PsychoPy software (Peirce et al., 2019),
are available upon request.
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