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Abstract
The present study examined how the initial brain response to the visual appearance of an object is related to the subjec-
tive feeling of attractiveness. Twelve student volunteers viewed 240 pictures of everyday objects. They made a
forced-choice attractiveness judgment (attractive or unattractive) on half of the pictures and a forced-choice complexity
judgment (complex or simple) on the other half of the pictures. Event-related potentials (ERPs) time-locked to the pic-
ture onset were averaged separately according to each viewer’s judgments. The objects judged as attractive elicited a
smaller early negative potential (N2, peaking around 220 ms after stimulus onset) and a larger late positive potential
(LPP, occurring after 400 ms) compared with the objects judged as unattractive. In the complexity judgment, the N2
was larger for the objects judged as complex than for the objects judged as simple, but the LPP did not differ between
the categories. These findings suggest that visual information processing of attractive objects differs from that of unat-
tractive objects at an early stage and that attractive objects enhance the cortical process reflected in the LPP, which has

been previously reported to be associated with emotional valence.
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Introduction objects and that a smaller N2 should be elicited by at-
Our daily lives are filled by various artifacts with tractive objects than by unattractive objects.
different designs. Some of them are attractive, others are In studies about facial attractiveness, a late positive
not. In the present study, we examined how the initial potential (LPP, occurring after 400 ms after stimulus
brain response to the visual appearance of an object is onset) has been found to be larger for attractive faces
related to the subjective feeling of attractiveness. As a than for unattractive faces (Johnston & Oliver-Rodriguez,
brain activity measure with a good temporal resolution, 1997; Werheid, Schacht, & Sommer, 2007). The LPP
we recorded event-related potentials (ERPs) to reveal the also increases for pictures with positive and negative
time course of attractiveness judgment. emotional valence (Cuthbert, Schupp, Bradley, Birbau-
In a study about interest, drawings rated as more in- mer, & Lang, 2000; Sabatinelli, Lang, Keil, & Bradley,
teresting elicited a larger early negative potential (N2, 2007; Schupp, Cuthbert, Bradley, Cacioppo, Ito, & Lang,
peaking at 245 ms after the stimulus onset) than did 2000) and is assumed to reflect attentional resources al-
drawings rated as less interesting (Nittono, Shibuya, & located to arousing stimuli. Although there are few ERP
Hori, 2007). Because novel stimuli generally attract more studies about the attractiveness judgment of non-facial,
interest than familiar stimuli, the N2 is considered to be common objects, a larger LPP would be expected for
sensitive to the novelty of visual stimuli. In this connec- attractive objects than for unattractive ones.
tion, Zajonc (2001) has proposed the mere exposure hy- In the present study, we examined the time course of
pothesis about preference formation, which argues that attractiveness judgment by recording ERPs with particu-
people come to like a particular object when they are lar interest in the N2 and LPP components. Participants
exposed repeatedly to that object. According to this hy- were asked to judge whether the object was attractive or
pothesis, it is predicted that an individual would find unattractive in a forced two-choice task. In addition, the
familiar objects more attractive as compared to novel participants performed a forced-choice complexity
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judgment task. It has been reported that visually complex
pictures elicit a larger frontal negativity, similar to the N2,
than do simple pictures (Bradley, Hamby, Low, & Lang,
2006). Comparing ERPs obtained in the two conditions
with different judgment criteria will reveal the processes

specific to attractiveness judgment.

Methods

Participants

Twelve student volunteers at Hiroshima University
participated in the study (five men and seven women, M
= 22.7 years old). All participants were right-handed and
had normal or corrected-to-normal sight, according to the

self-reports. They gave written informed consent.

Stimuli

A total of 240 pictures of everyday objects were se-
lected from copyright-free photo collections (Master Clip
303,000 V3, H2 soft, Tokyo, Japan). Figure 1 shows
examples of the pictures. Each picture was presented on
a 21-inch cathode ray tube display. The size of the pic-
ture was 10 x 10 cm and the visual angle was about 3.8°.
The viewing distance was 150 cm. The pictures were
divided into two sets of 120 pictures each and used for
the attractiveness or complexity judgment tasks, respec-

tively.

Procedure

The experiment was performed in a dimly lit,
sound-attenuated room, where participants sat on a com-
fortable chair. Two experimental sessions were con-
ducted in a counterbalanced order. Participants pressed
one of two keys to make an attractiveness judgment at
one session and a complexity judgment at the other ses-
sion. Each session consisted of 120 trials with 120 dif-
ferent pictures. In each trial, a picture was presented for
1,500 ms, followed by a blank screen for 500 ms. Then a
question mark was presented to prompt the participant’s

response. The question mark disappeared immediately

Figure 1. Examples of the pictures used in the study.

after the key press, and the next picture was presented
after 1.8-2.2 s (M = 2.0 s). The participants were in-
structed not to bias their responses toward one category.

Electrophysiological Recording

An electroencephalogram (EEG) was recorded from
38 scalp sites according to the extended 10-20 system
using an elastic cap (EASYCAP, Munich, Germany) with
Ag/AgCl electrodes. The ground electrode was fixed on
the forehead. A high-pass filter of 0.016 Hz (a time con-
stant of 10 s) and a low-pass filter of 60 Hz were used at
recording. Horizontal and vertical electrooculograms
(EOGs) were recorded bipolarly from the electrodes
placed at the outer canthi and from the electrodes placed
above and below the left eye, respectively. The sampling
rate was 500 Hz. Electrode impedances were kept below
10 kQ.

Data Reduction

For each session, the 120 pictures were sorted by
each viewer’s judgments. The EEG data were
re-referenced to the linked earlobes (A1-A2) offline. A
digital bandpass filter of 0.05-30 Hz was applied and
ocular artifacts were corrected. ERP waveforms were
calculated separately for the pictures that were judged as
attractive and unattractive and the pictures that were
judged as complex and simple. The period between 200
ms before and 1000 ms after the onset of pictures was
averaged. The mean amplitudes of 150-248 ms and
400-998 ms were measured for the N2 and LPP, respec-
tively.

Statistical Analysis

Repeated measures analyses of variance (ANOVAs)
were performed on the data. Whenever appropriate, de-
grees of freedom were corrected using the Huynh—Feldt
epsilon (g). A Judgment (attractive vs. unattractive, or
complex vs. simple) x Site (8 electrodes on the midline:
AFz, Fz, FCz, Cz, CPz, Pz, POz, and 1z) ANOVA was
performed for each amplitude measure. The significance

level was set at .05 for all analyses.

Results
Subjective judgments

Table 1 shows the mean percentages of selected
categories in the attractiveness and complexity tasks.

Participants responded almost evenly to the two options.
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Table 1. The mean percentage (standard deviation) of
selecting each response category in the two tasks

Attractive Unattractive
Attractiveness 45.1 (9.8) 54.9 (9.8)
Complex Simple
Complexity 45.2 (6.2) 54.8 (6.2)
ERPs

Figure 2 shows the grand mean ERP waveforms for
the pictures that were judged as attractive or unattractive
and that were judged as complex or simple. All types of
picture categories elicited an N2 (peaking around 220 ms
after stimulus onset) and LPP (occurring after 400 ms).

In the attractiveness judgment task, a Judgment x Site
ANOVA on the N2 amplitude showed significant main
effects of judgment and site, F(1, 11) =5.80, p <.05; F(7,
77) = 6.52, p < .05, ¢ = .23, respectively. The interaction
was also significant, F(7, 77) = 4.17, p < .05, ¢ = .35.
Tests of simple main effects showed that the objects
judged as attractive elicited a smaller N2 than the objects
judged as unattractive at AFz, Fz, FCz, Cz, and CPz; ps
< .05. Figure 3 shows the scalp topographic map of the
N2 difference (unattractive minus attractive). The differ-
ence is prominent at the frontal sites. For the LPP ampli-
tude, the main effects of judgment and site were signifi-
cant, F(1, 11) =9.89, p < .01; F(7, 77) = 6.86, p < .01 ¢
= .29, respectively. The interaction was also significant,
F(7,77) = 4.44, p < .05, ¢ = .38. Tests of simple main
effects showed that the LPP was larger for attractive ob-
jects than for unattractive ones at FCz and Cz; ps < .05.
As shown in Figure 3, this enhancement is prominent at
the frontocentral sites.

In the complexity judgment task, a Judgment x Site
ANOVA on the N2 amplitude showed a significant main

effect of site and a significant interaction, F(7, 77) =
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Figure 2. Grand mean ERP waveforms at Cz (N = 12).

10.12, p <.01, e = .23; F(7, 77) = 4.66, p < .01, € = .50,
respectively. Tests of simple main effects showed that the
N2 was larger for the objects judged as complex than for
the objects judged as simple at AFz and Fz; ps < .05. As
shown in Figure 3, the N2 difference (complex minus
simple) is prominent at the central sites, which is differ-
ent from the frontal-dominant N2 difference in the at-
tractiveness judgment. For the LPP amplitude, the main
effect of site and the interaction were significant, F(7,
77) =498, p < .05, ¢ = .30; F(7,77) =249, p < .05, ¢
= .74, respectively. However, tests of simple main effect
showed no significant effect of judged complexity on the
LPP amplitude.

Discussion

Given that the frontal N2 is related to the appraisal of
the novelty of the eliciting event (Nittono et al., 2007),
the decreased N2 for the objects judged as attractive may
suggest that attractive objects are less novel than unat-
tractive objects. This idea is consistent with the mere
exposure hypothesis, which argues that viewers prefer
familiar objects than novel objects (Zajonc, 2001). The
enhancement of N2 elicited by the objects judged as
complex is consistent with the finding of Bradley et al.
(2007). Different scalp topographies suggest that these
N2s may reflect different cortical processing.

The LPP increased for the objects that were judged as
attractive. This result is consistent with the previous
finding of the ERPs for facial attractiveness (Johnston &
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Figure 3. Scalp topographic maps of the judgment-related
differences in the N2 and LPP.
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Oliver-Rodriguez, 1997; Werheid et al., 2007) and sug-
gests that more attentional resources were allocated to
attractive objects than to unattractive ones. In contrast,
the LPP did not differ between simple and complex pic-
tures.

In conclusion, the present study suggests that visual
information processing of attractive objects differs from
that of unattractive objects at an early stage, which is
reflected in the N2 difference that is possibly related to
novelty checking. It also suggests that attractive objects
enhance the cortical process reflected in the LPP, which
has been previously reported to be associated with emo-
tional valence (Cuthbert et al., 2000; Sabatinelli et al.,
2007; Schupp et al., 2000). Further research is required
to elucidate the temporal order of the subjective feeling
of attractiveness and the LPP elicitation.

References

Bradley, M. M., Hamby, S., Low, A., & Lang, P. J.
(2006). Brain potentials in perception: Picture com-
plexity and emotional arousal. Psychophysiology, 44,
364-373.

Cuthbert, B. N., Schupp, H. T., Bradley, M. M.,
Birbaumer, N., & Lang, P. J. (2000). Brain potentials
in affective picture processing: Covariation with
autonomic arousal and affective report. Biological
Psychology, 52, 95-111.

Johnston, V. S., Oliver-Rodriguez, J. C. (1997). Facial

the of
event-related potentials. Journal of Sex Research, 34,
188-198.

Nittono, H., Shibuya, Y., & Hori, T. (2007). Anterior N2

predicts subsequent viewing time and interesting rat-

Beauty and late positive component

ing for novel drawings. Psychophysiology, 44,
687-696.

Sabatinelli, D., Lang, P. J., Keil, A., & Bradley, M. M.
(2007). Emotional perception: Correlation of func-
tional MRI and event-related potentials. Cerebral
Cortex, 17, 1085-1091.

Schupp, H. T., Cuthbert, B. N., Bradley, M. M., Ca-
cioppo, J. T., Ito, T., & Lang, P. J. (2000). Affective
picture processing: The late positive potential is
modulated by motivational relevance. Psychophysi-
ology, 37, 257-267.

Werheid, K., Schacht, A., & Sommer, W. (2007). Facial
attractiveness modulates early and late event-related

brain potentials. Biological Psychology, 76, 100—108.

Zajonc, R. B. (2001). Mere exposure: A gateway to the
subliminal. Psychological Science, 10, 224-228.

70




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


