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Abstract Although the neural correlates of the appreciation
of aesthetic qualities have been the target of much research in
the past decade, few experiments have explored the hemi-
spheric asymmetries in underlying processes. In this study,
we used a divided visual field paradigm to test for hemispheric
asymmetries in men and women’s preference for abstract and
representational artworks. Both male and female participants
liked representational paintings more when presented in the
right visual field, whereas preference for abstract paintings
was unaffected by presentation hemifield. We hypothesize
that this result reflects a facilitation of the sort of visual pro-
cesses relevant to laypeople’s liking for art—specifically, local
processing of highly informative object features—when art-
works are presented in the right visual field, given the left
hemisphere’s advantage in processing such features.

Keywords Lateralization - Hemispheric dominance - Art -
Liking - Aesthetics - Divided visual field

Aesthetic features of objects influence people’s affective re-
sponses, decisions, and behavior towards them. They play a
central role in consumers’ choice of products (Ho, Lu, &
Chen, 2016; Patrick, 2016; Reimann, Zaichkowsky,
Neuhaus, Bender, & Weber, 2010), financial decisions
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(Townsend & Shu, 2010), judgments of built environments
(Choo, Nasar, Nikrahei, & Walther, 2017; Kirk, Skov,
Christensen, & Nygaard, 2009; Vartanian et al., 2015) and
natural environments (Balling & Falk, 1982; Kaplan, 1992),
and in attitudes, judgments, and behaviors toward other peo-
ple (Kampe, Frith, Dolan, & Frith, 2001; Leder, Tinio, Fuchs,
& Bohrn, 2010; Mende-Siedlecki, Said, & Todorov, 2012).
Understanding the cognitive and neural processes underlying
the impact of such aesthetic features on people’s choices, mo-
tivation, and behavior is the main aim of the cognitive neuro-
science of aesthetics (Chatterjee & Vartanian, 2014; Pearce
etal., 2016). One basic finding in this field is that the aesthetic
appreciation of objects, places, and people emerges from a
complex interplay of perceptual, affective, and cognitive pro-
cesses (Leder & Nadal, 2014) that are related to activity in
neural networks encompassing sensory-areas, cortical and
subcortical regions involved in reward processing and predic-
tion, and high-level processing regions, such as the prefrontal
cortex (Brown et al., 2011; Chatterjee & Vartanian, 2014;
Nadal, 2013).

One outstanding question is whether both hemispheres are
equally involved in the processing of aesthetic features.
Clearly, neither hemisphere is solely responsible for the pro-
duction or appreciation of aesthetics (Zaidel, 2013, 2015).
However, hemispheric asymmetries in low-level and high-
level perceptual functions (Hellige, 1993; Hellige, Laeng, &
Michimata, 2010), together with evidence from brain lesion
studies (Bromberger, Sternschein, Widick, Smith, &
Chatterjee, 2011), suggest the possibility that some processes
underlying aesthetic appreciation are indeed lateralized. In
fact, experiments on hemispheric asymmetries in memory
and liking for different styles of art suggest that this is the
case. Zaidel and Kasher (1989), for example, showed that
laypeople recall surrealist paintings with greater accuracy
when presented in the right visual field than when presented
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in the left one. No such advantage was observed for realist
paintings. This suggests a left hemisphere advantage in process-
ing meaningful but incongruous images (Zaidel & Kasher, 1989;
Zaidel, 1994). Such patterns of asymmetry in memory for art-
works can change with acquired expertise, especially in relation
to abstract artworks (Vogt & Magnussen, 2005).

A number of studies have used indirect methods to test for
hemispheric asymmetries in preference for artworks. Early
studies focused on the association between aesthetic
preference and handedness and sex. Van Houten, Chemtob,
and Hersh (1981) presented pairs of artworks tachistoscopically
to participants’ left or right visual field and asked them to judge
which artwork in each pair was aesthetically superior.
Performance was defined as the degree of similarity to art ex-
perts’ judgments. Participants classified a priori as “highly-
lateralized,” either on the basis of handedness or sex, showed
superior performance in one of the visual fields (there was no
systematic pattern supporting either hemisphere’s advantage).
In turn, judgments of participants classified a priori as “little-
lateralized” were equally accurate—i.e., in agreement with
those of the experts—irrespective of the visual field in which
the artworks were projected. These findings extended prior
evidence showing that level of lateralization derived by hand-
edness could predict subjective preference for paintings where
the important content was skewed to one side of the image. In
particular, Levy (1976) found that right-handers showed a pref-
erence for images in which the important content was skewed
to the right, probably compensating for their preexisting atten-
tional bias to the left and resulting in a more “balanced” image
(Beaumont, 1985; Ellis & Miller, 1981; McLaughlin, Dean,
and Stanley, 1983; Mead and McLaughlin 1992; Valentino
et al. 1988). More recently, using a divided visual field
(DVF) paradigm, Coney and Bruce (2004) investigated possi-
ble lateral asymmetries in aesthetic evaluation of paintings of
different styles, finding that they were generally liked more
when presented to the right visual field (RVF).

Neuroimaging and electrophysiological evidence also sug-
gests a degree of lateralization in aesthetic judgments, al-
though not always consistent with behavioral data. Using
ERP, Jacobsen and Hoéfel (2001, 2003) found that evaluative
aesthetic judgments of complex graphic patterns revealed a
more pronounced right lateralization compared to descrip-
tive symmetry judgments of the same patterns. The authors
argued that such right lateralization may reflect general pro-
cessing characteristics of evaluative categorization. Using
brain stimulation, we have found that modulating activity in
the left prefrontal cortex affected aesthetic appreciation of
paintings (Cattaneo, Lega, Flexas, et al., 2014), while modu-
lating activity in the right prefrontal cortex influenced the
apparent attractiveness of faces (Ferrari et al., 2016).
Moreover, symmetry—an important cue in driving the aes-
thetic judgment—seems to be encoded preferentially in the
right hemisphere (Bona, Cattaneo, & Silvanto, 2015; Bona,

Herbert, Toneatto, Silvanto, & Cattaneo, 2014; Cattaneo,
Mattavelli, Papagno, Herbert, & Silvanto, 2011).

Three strands of evidence suggest that the role of the two
hemispheres in aesthetic appreciation is mediated by partici-
pants’ sex and the artwork’s degree of abstraction. First, men
and women differ in their preference for abstract and repre-
sentational art. Whereas women tend to prefer the representa-
tional styles of Impressionism and Rococo more than men,
men tend to prefer Cubism and Abstraction more than women
(Bernard, 1972; Chamorro-Premuzic, Reimers, Hsu, &
Ahmetoglu, 2009; Frumkin, 1963; Furnham & Walker,
2001; Savarese & Miller, 1979).

Second, Cela-Conde et al.’s (2009) MEG study revealed
different activity in male and female participants’ parietal cor-
tex when judging the beauty of paintings and photographs. In
particular, aesthetic appreciation was related to bilateral parietal
activity in women and to right hemisphere parietal activity in
men (Cela-Conde et al., 2009). This adds to the literature
documenting small but reliable sex differences in functional
brain asymmetry. Men and women differ in the extent to which
brain activity underlying several perceptual and cognitive pro-
cesses is lateralized. Most studies suggest that functional brain
asymmetries are smaller in women than men (Hausmann,
2017). These functional asymmetries seem to be related to
anatomical asymmetries: anatomically, women’s brains are
more symmetrical than men’s (Guadalupe et al., 2017; Nufiez
et al., 2017). Morevoer, female brains have a higher degree of
interhemispheric connectivity, whereas male brains have a
greater degree of within-hemispheric connectivity. This sug-
gests that male brains are better suited for communicating with-
in the hemispheres and that female brains are better suited for
interhemispheric communication (Ingalhalikar et al., 2014)

Third, prior studies have revealed that the appreciation of
abstract and representational paintings is mediated by different
neural mechanisms. One of the earliest indications was
Kettlewell and Lipscomb’s (1992) demonstration that people
preferring representational and abstract art exhibited different
profiles in neuropsychological tests assessing hemispheric
asymmetry. The recent use of brain stimulation techniques
has produced direct evidence that the appreciation of abstract
and representational art relies on different neural mechanisms.
For instance, activity in the lateral occipital area contributes
more to the appreciation of representational than abstract art
(Cattaneo et al., 2015), visual area V5 activity contributes
more to the appreciation of abstract than representational art
(Cattaneo, Schiavi, Silvanto, & Nadal, 2017), and left prefron-
tal cortex is related more to the appreciation of representation-
al art than to abstract art (Cattaneo, Lega, Flexas, et al., 2014;
Cattaneo, Lega, Gardelli, et al., 2014).

In the current study we examined the hemispheric lateralization
of processes involved in women and men’s aesthetic valuation of
abstract and representational paintings. Following Coney and
Bruce (2004), we used a DVF paradigm. However, the literature
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reviewed in the preceding paragraphs underscores the impor-
tant mediating role of participants’sex and artworks’ degree of
abstraction/realism. Thus, whereas Coney and Bruce (2004)
tested unequal numbers of female (n = 36) and male (n = 4)
participants, we recruited 40 women and 40 men. Also, Coney
and Bruce’s (2004) materials included many more representa-
tional paintings than abstract paintings, whereas we assembled
a set of 52 abstract and 52 representational paintings.

Method
Participants

Eighty participants (40 females, mean age = 22.8 yr, standard
deviation [SD] = 2.6, range = 19-32) with no previous formal
or informal training in art volunteered to participate in this
study. All were right handed (selective or preferential use of
right-hand in all 10 items of the scale—except for item 8 and
10 for “hand indifferent” choice; see Williams, 1986),
assessed using Oldfield’s (1971) test. All had normal, or
corrected-to-normal, vision.

Material and procedure

Participants sat in front of a 15.5” PC (1280%800 pixels)
screen at an approximate distance of 57 ¢cm in a normally lit
and silent room and were asked to perform a computerized
evaluation task. The stimuli consisted of 104 paintings (52
representational, 52 abstract) belonging to a larger set of im-
ages used in previous work (Cela-Conde et al., 2004, 2009).
Representational paintings included Realist, Impressionist,
and Postimpressionist artworks. Abstract paintings did not
include depictions of any recognizable objects. A divided vi-
sual field procedure was used, following Bourne’s (2006)
strict criteria. Figure 1 illustrates the timeline of an experimen-
tal trial. Each trial started with a central fixation cross for 500
msec. A painting (subtending approximately 6.5° x 7° degrees
of visual angle) thereafter was presented for 150 ms located 3°
to the left or 3° to the right of the fixation cross. Participants
had to indicate as fast as possible whether they liked the paint-
ing or not. They were instructed to maintain fixation on the
central cross, which remained visible throughout the trial until
response. Participants responded with their right index and
middle finger, with response key assignment for yes/no
counterbalanced across participants. Each painting appeared
once to the left and once to the right of the central fixation, so
that the experiment consisted of 208 trials. Four practice trials
were presented before the experiment (using paintings not
shown in the experiment) to familiarize participants with the
task. Paintings were presented in random order with the ex-
ception that the same painting was never shown consecutively.
A chinrest was used to ensure that the head was aligned with
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the middle of the screen and that the distance from the screen
was kept constant. Responses (“I like it” Yes/No) and re-
sponse times (RT) were recorded. E-Prime 2 (Psychology
Software Tools, Pittsburgh, PA) was used for stimuli presen-
tation and data collection.

Analysis

We analyzed the effects of hemifield (left vs. right), artwork
category (abstract vs. representational), and sex (men vs.
women) on participants’ liking responses and response times
by means of generalized linear mixed effects models (Hox,
2010; Snijders & Bosker, 2012). This method accounts simul-
taneously for the between-subjects and within-subjects effects
of the independent variables (Baayen, Davidson, & Bates,
2008; Judd, Westfall, & Kenny, 2017). It is especially suitable
to study aesthetic appreciation, where people can differ con-
siderably in their responses to different artworks (Silvia, 2007,
Brieber, Nadal, Leder, & Rosenberg, 2014; Cattaneo et al.,
2015).

We modelled the impact of hemifield, artwork category,
and sex, as well as their interaction, on liking responses and
response times. All predictor variables were categorical, and
the reference levels were lefi for hemifield, abstract for art-
work category, and women for sex. All predictor variables
were deviation coded. We set up both models following
Barr, Levy, Scheepers, and Tily’s (2013) reccomendation to
model the maximal random effects structure justified by the
experimental design. In addition to avoiding the loss of power
and reducing Type-I error, this enhances the possibility of
generalizing results to other participants and stimuli. In sum,
both models, the one for liking responses and the one for
response times, included the triple interaction between
hemifield, artwork category, and sex as fixed effects, and ran-
dom intercepts and slope for the interaction between hemifield
and artwork category within participants, and random inter-
cepts and slope for the interaction between hemifield and sex
within stimuli. All analyses were performed within the R en-
vironment for statistical computing (R Core Team, 2016). For
the analysis of the dichotomous liking responses we used the
mixed() function of the ‘afex’ package (Singmann, Bolker,
Westfall, & Aust, 2016), with likelihood ratio tests to produce
the inferential statistics and p-values. For the analysis of re-
sponse times, we used the /mer() function of the “lme4” pack-
age (Bates, Maechler, & Bolker, 2013) and the “IlmerTest”
package (Kuznetsova, Brockho, & Christensen, 2012) to esti-
mate the p values for the 7 tests based on the Satterthwaite
approximation for degrees of freedom. All post-hoc tests were
Holm-Bonferroni corrected. All data and R code required for
the evaluation and reproduction of the results have been made
publicly available online at the Open Science Framework
(osf.io/wvdow).
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Fig. 1. Timeline of an experimental trial. Participants were presented with a painting of representational or abstract category to the left or right of a
central fixation cross and had to indicate whether they liked it as quickly as possible

Results

Liking responses. We excluded extremely fast (<200 ms after
stimulus offset) and slow (>2,500 ms after stimulus offset)
trials from the analyses. This resulted in the exclusion of less
than 1% of trials).! The results of the linear mixed effects
model of liking responses revealed a main effect of artwork
category, X* = 24.30, p < 0.0001, indicating that participants
liked representational artworks (59.0%, 95% confidence
interval [CI] [53.2, 64.6]) more than abstract artworks
(36.8% [31.5, 42.5]). The main effects of hemifield,
x> =2.52, p = 0.11, and sex, x> = 0.01, p = 0.92, were
nonsignificant. The interaction between hemifield and
artwork category was significant, x> = 8.91, p = 0.003
(Figure 2), indicating that whereas participants liked rep-
resentational artworks more when presented in the right vi-
sual field (61.6% [55.6, 67.3]) than when presented in the left
visual field (56.4% [50.2, 62.4]), p = 0.22, z =2.908 p =
0.007, liking for abstract artworks was unaffected by hemifield
(36.7% [31.1, 42.7] when presented in the right, 36.9% [31.2,
42.8], when presented in the left), B = 0.01, z = 0.072 p =
0.943 (Fig. 2). None of the remaining interactions reached
significance, including hemifield by sex, x> = 2.35, p = 0.13,

! Both for the analysis of liking responses and response times, the same pattern
of significant and nonsignfican effects holds even if fast and slow trials are not
excluded.

artwork category by sex, x> = 0.08, p = 0.77, and hemifield by
artwork category by sex, x> = 0.42, p = 0.52.

Response times. As before, extremely fast (<200 ms after
stimulus offset) and slow responses (>2,500 ms after stimulus
offset) were excluded from the analysis (<1% of trials). These
corresponded to the same trials as those removed for the anal-
ysis of liking responses. The linear mixed effects model re-
vealed a trend towards significance for the main effect of art-
work category, 3 = —6.54, #95 = 1.883, p = 0.0627, indicating
that participants tended to respond faster to abstract artworks
(560.53 ms after stimulus offset, 95% CI 529.82, 591.25) than
to representational artworks (573.25 ms [543.51, 602.98]). The
main effects of visual field, 3 =2.345, 175, =1.106, p = 0.272,
and sex, 3 =—1.448, 75 = 0.097, p = 0.922, were nonsignif-
icant. The interaction between hemifield and artwork category
was significant, B = —6.731, #3004 = 3.554, p = 0.0004
(Figure 3), indicating that whereas participants gave faster re-
sponses to representational artworks when presented in the
right hemifield (564.31 ms [534.65, 593.97]) than when pre-
sented in the left (582.21 ms [551.38, 613.03]), B =18.2, #1072
= 3.21, p = 0.002, their response times to abstract artworks
when presented in the left hemifield (556.15 ms [523.79,
588.52]) and when presented in the right (564.90 ms [534.86,
594.94]) did not differ significantly, 3 =—8.8, 7,249 =1.53,p =
0.128 (Fig. 3). None of the remaining interactions reached sig-
nificance, including hemifield by sex, = —1.540, 73, = 0.727,
p=0.470, artwork category by sex, 3 =4.893, 159 =1.627,p=
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Representational artworks

Abstract artworks

'Like' responses (%)

Hemifield

Fig. 2. Percentage of “I like it” responses as a function of artwork category and visual field in which the paintings appeared. Error bars depict 95%

confidence intervals

0.108, and hemifield by artwork category by sex, 3 = 1.901,
t(3435) = 1004,]? =0.315.

Discussion

The past two decades have seen a growing interest in the neural
underpinnings of aesthetic preference (Chatterjee, 2011; Pearce
et al., 2016). In this time, it has become clear that aesthetic
preference is related to activity in neural networks involved in
perceptual analyses, emotion and affect, and meaning and un-
derstanding (Chatterjee & Vartanian, 2014; Nadal, 2013). One
issue that remains relatively unexplored is that of the hemi-
spheric lateralization of the processing of features relevant to
aesthetic preference (Coney & Bruce, 2004; Zaidel, 2015). In
this study, we used a divided visual field paradigm to test for

hemispheric asymmetries in men and women’s preference for
abstract and representational artworks.

We included abstract and representational artworks be-
cause studies have shown that people respond differently to
them and that their appreciation engages different neural pro-
cesses (Cattanco, Lega, Flexas, et al., 2014; Cattaneo et al.,
2015; Fairhall & Ishai, 2008). Indeed, in line with previous
experiments, we found that participants liked representational
artworks more than abstract artworks (Cattaneo et al., 2015;
Furnham and Walker, 2001; Kettlewell et al., 1990; Knapp
and Wulff, 1963; Pihko et al., 2011). This common finding
is generally attributed to laypeople’s approach to art, which
can be conceived as an extension of general viewing and per-
ceptual processes (Cupchik & Gebotys, 1988). Laypeople
lack experts’ knowledge and schemas that allow them to ex-
tract meaning from artworks’ style, expressive use of the me-
dium, allusions to other artworks, etc. Thus, they base their

Representational artworks Abstract artworks
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Fig. 3. Response times (after stimulus offset, in ms) as a function of artwork category and visual field in which the paintings appeared. Error bars depict

95% confidence intervals
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viewing of art mainly on object schemas, and search for rec-
ognizable elements that can elicit pleasant associations. Given
that, by definition, abstract art does not depict immediately
identifiable objects, laypeople, such as our participants, usu-
ally find little that fits their object schemas, and therefore, little
to elicit the pleasant feelings they expect from artworks.
Representational artworks, conversely, offer laypeople the
chance for understanding, if not the artwork itself, at least
the depicted scene.

Our main finding showed that, independently of their sex,
participants liked representational paintings more when pre-
sented in the right visual field and that liking for abstract
paintings was unaffected by presentation hemifield. These re-
sults suggest that certain processes underlying laypeople’s lik-
ing for representational art are hemispherically lateralized. But
which processes? Two separate strands of research converge
on a suggestive possibility. First, eye tracking experiments of
art appreciation have shown that when laypeople look at rep-
resentational paintings they adopt a local, rather than global,
viewing strategy. They fixate mostly on informative details of
recognizable objects, rather than on background features or on
the relations among objects (Nodine, Locher, & Krupinski,
1993; Vogt, 1999; Vogt & Magnussen, 2007; Zangemeister,
Sherman, Stark, 1995). This strategy yields little of value for
the appreciation of abstract art, where the foreground-
background distinction is blurred, and where a local viewing
strategy reveals nothing but meaningless and disjointed
patches and brushstrokes of paint. Second, behavioral, brain
lesion, and brain imaging studies have shown that both hemi-
spheres differ in the extent to which they are involved in
processing local and global features of visual stimuli.
Specifically, the left hemisphere is relatively specialized in
processing the local details of visual stimuli (as well as
topological properties, see Wang, Zhou, Zhuo, & Chen,
2007) and in determining whether objects belong to given
categories; the right hemisphere is relatively specialized in
processing the global or configural properties (Fink et al.,
1997; Hellige et al., 2010; Hiibner, 1998; Van Kleeck, 1989;
see also Cattaneo, Renzi, et al., 2014b; Renzi et al., 2013, for
hemispheric specialization in configural vs. featural
processing of faces).

Weaving these two strands together, we hypothesize that
certain processes involved in the performance of the liking
task—specifically, participants’ search for recognizable infor-
mative features—are facilitated when representational art-
works were presented in the right visual field, given the left
hemisphere’s advantage in processing such local features.
This interpretation also is congruent with participants’ faster
responses when representational artworks were presented in
the right visual field than when presented in the left visual
field.

Our results are in line with Coney and Bruce’s (2005). Both
studies reported increased liking when artworks were

presented in the right visual field. However, whereas Coney
and Bruce (2004) found that presentation hemifield mainly
influenced liking for modern artworks (including abstract
paintings) but not traditional artworks, we found that it influ-
enced liking for representational but not abstract artworks.
Several reasons might account for this discrepancy. First, the
stimuli categories in both studies do not overlap. Our set of
representational artworks includes styles that cluster as mod-
ern art (Cubism and Expressionism) and as traditional art
(Renaissance and Impressionism) in Coney and Bruce’s
(2004) study. Second, our set of stimuli includes works by
renowned artists, but an effort was made to exclude familiar
pieces, especially those that are usually exhibited at museums
(Cela-Conde et al., 2004, 2009). Conversely, the images in
Coney and Bruce’s (2004) set “were selected from among
those currently on display in museums and galleries around
the world” (Coney & Bruce, 2004, p. 187). Thus, both stimuli
sets might differ as to the familiarity of the works included.
Third, whereas Coney and Bruce (2005) explicitly “invited
participants to rate their emotional reaction to the stimuli”
(Coney & Bruce, 2004, p. 194), we gave no such indication
to our participants, and in fact, the set of images that we used
exluded works that could evoke strong emotional responses
(Cela-Conde et al., 2004, 2009). Thus, it is possible that
whereas the materials and instructions in Coney and Bruce’s
(2004) study prompted participants to focus on the emotional
aspect of their experience of familiar artworks, our materials
and instructions prompted participants to focus on the more
perceptual features of unfamiliar artworks.

When interpreting our results, it is worth noting that we did
not monitor eye movements. We therefore cannot exclude that
in certain trials participants directly looked at paintings.
However, this is unlikely, because we clearly instructed par-
ticipants and reminded them throughout the task (note that the
experimenter sat near the participant during testing) of the
importance of maintaining central fixation. Moreover, we
minimised the possibility of the test stimulus being foveated
by presenting stimuli for a very short time and randomly in the
left or right visual field to discourage anticipatory saccades
away from central fixation (Bourne, 2006). Conversely, if par-
ticipants directly looked at paintings, it would be difficult to
explain why visual field differences then emerged and only in
certain conditions (representational paintings). Nevertheless,
future studies may control for central fixation maintenance
better, thus possibly reducing undesired sources of variability
in the data.

Conclusions
Both men and women liked representational artworks more

when presented in the right visual field than when presented in
the left visual field. Liking for abstract artworks was

@ Springer



1940

Psychon Bull Rev (2018) 25:1934-1942

unaffected by presentation hemifield. We have hypothesized
that this effect is due to the facilitation of the sort of visual
processes relevant to laypeople’s liking for art—specifically,
local processing of highly informative object features—when
artworks are presented in the right visual field, given the left
hemisphere’s advantage in processing such features. Further
studies are required to clarify the potential mediating role of
artistic style, familiarity, and emotional investment.
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