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Emotional visual music is a promising tool for the study of athetic perception in

human psychology; however, the production of such stimuli ad the mechanisms of

auditory-visual emotion perception remain poorly undersiod. In Experiment 1, we

suggested a literature-based, directive approach to emotinal visual music design,
and inspected the emotional meanings thereof using the selated psychometric

and electroencephalographic (EEG) responses of the viewerA two-dimensional (2D)
approach to the assessment of emotion (the valence-arousgblane) with frontal alpha
power asymmetry EEG (as a proposed index of valence) validat our visual music as an
emotional stimulus. In Experiment 2, we used our synthetictBnuli to investigate possible
underlying mechanisms of affective evaluation mechanismm relation to audio and

visual integration conditions between modalities (namebgongruent, complementation, or

incongruent combinations). In this experiment, we found tt, when arousal information
between auditory and visual modalities was contradictoryf¢r example, active C) on

the audio channel but passive () on the video channel], the perceived emotion of
cross-modal perception (visual music) followed the chanrieconveying the stronger
arousal. Moreover, we found that anenhancement effect(heightened and compacted

in subjects' emotional responses) in the aesthetic percepbdn of visual music might
occur when the two channels contained contradictory arousiinformation and positive
congruency in valence and texture/control. To the best of ouknowledge, this work is

the rst to propose a literature-based directive production of emotional visual music
prototypes and the validations thereof for the study of cros-modally evoked aesthetic

experiences in human subjects.

Keywords: visual music and emotion, aesthetic experience, au
perception, cross-modal integration, auditory-visual int

ditory-visual perception, art and emotion, aesthetic
egration, music and emotion

Frontiers in Psychology | www.frontiersin.org 1

April 2017 | Volume 8 | Article 440


http://www.frontiersin.org/Psychology
http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/editorialboard
http://www.frontiersin.org/Psychology/editorialboard
https://doi.org/10.3389/fpsyg.2017.00440
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2017.00440&domain=pdf&date_stamp=2017-04-04
http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive
https://creativecommons.org/licenses/by/4.0/
mailto:irenelee@sonicart.co
mailto:jsjeong@kaist.ac.kr
https://doi.org/10.3389/fpsyg.2017.00440
http://journal.frontiersin.org/article/10.3389/fpsyg.2017.00440/abstract
http://loop.frontiersin.org/people/384503/overview
http://loop.frontiersin.org/people/11366/overview
http://loop.frontiersin.org/people/70641/overview
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INTRODUCTION To investigate the perception of emotion via visual music
stimuli, we started by examining the association of infotioa-
Previous psychological studies have revealed that movi@stegration conditions (conformance, complementation,dan
are e ective emotion inducersross and Levenson, 1995; contest) between two modalities (audio and video) and asith
Rottenberg et al., 20),7and several studies have used Imsperception (for details about integration conditions, seeok,
as emotional stimuli to investigate the biological sub&sat 199§ p. 98-106;Somsaman, 2004p. 42-43). It is known
of aective styles \(Vheeler et al., 1993; Krause et al., 2000 that music/sound alters the meaning of particular aspects of a
In addition, modern neuroimaging and neurophysiologicalmovie/visual stimulus ilarshall and Cohen, 1988; Repp and
techniqgues commonly use representational pictures (such a%nel, 200R and that the ability of music to focus attention on
attractive foods, smiling faces, landscapes, and so on) fromvisual object stems from structural and semantic congciesn
the International A ective Picture System (IAPS) as visual(Boltz et al., 1991; Bolivar et al., 199As researchers have
sources, and excerpts of classical music as auditory souraegently emphasized that the semantic congruency betwees pair
(Baumgartner et al., 2006a,b, 2D0Several studies have of auditory and visual stimuli to enhance behavioral perfame
examined the combined in uence of pictures and music but, to(Laurienti et al., 2004; Taylor et al., 200@&e hypothesized that
our knowledge, researchers have not used speci cally comdposehe enhancement e ect of visual music, by way of added value,
emotion-targeting cross-media content to elicit human ¢imo.  might rely on thecongruencegf emotional information between
It has been proposed that composing syncretistic artworkinimodal channels (such as comparable valence and arousal
involves more complex types of practice by exploiting thdnformation between auditory and visual channels). Theref
added valugsspecic audio-visual responses that arise dueour null hypothesis anticipates to see an enhancement e ect
to the synthesis of sounds and images, that occur as thef behavioral responses on the perception of emotion in the
result of naturally explicit A/V cuesChion, 1994; Grierson, conformance combination condition of visual music due t@th
2009. Hence, the practice of visual music, which composeadded value from the congruent emotional information prostt
abstract animations that simulate tteesthetic purity of music by cross-modality. Accordingly, such a hypothesis might mev
(Brougher et al., 2005 is naturally intermedia and has a an indication of possible cases in which added values result in
synergy with modern digital auditory-visual (A/V) mediah@ls, an enhancement e ect via a cross-modal modulation evalumatio
the aective value of visual music can embody importantprocess of the dual unimodal channel interplays disrectional-
interactions between perceptual and cognitive aspects of theformation-integratiorapparatus.
dual channels. Therefore, using abstract visual music udyst Our aim in this study, as a principled research paradigm, is
emotion remains a promising but uninvestigated tool in humana careful investigation of the aesthetic experience of angit
psychology. visual stimuli in relation to the dual-channel combination
To understand the underlying mechanisms of the audioconditions and the enhancement e ect approaches from
visual aesthetic experience, we focused on the assessmentaditory-visual integrations by using emotional visual rnicus
intrinsic structural and contextual aspects of stimuli, atite  prototypes. To examine our hypothesis, we conducted two
perceived aesthetic evaluations to formalize the proceseebfe di erent experiments, namely:
visual music can suggest target emotions. Although we densi
it premature to discuss the mechanism of the entire aestheti
experience within our study, we proposed a model of Continuous
Auditory-Visual Modulation Integration PerceptionF{gure 1)
to aid in the explanation of our research question. Our mode
is derived from thelnformation Integration TheorgyAnderson,
1989, the Functional Measurement Diagraf@omsaman, 2004 For Experiment 1, we rst designed three positive emotional
and the Information-Processing Model of Aesthetic Experiengssual music stimuli by producing audio and video content in
(Leder et al., 2004 and describes how A/V integration might accordance with literature-based formal property directidn
a ect the overall aesthetic experience of visual muBigre 1).  evoke target-emotions. We then presented our compositions
Brie y explaining the three theories, the essential hypoi$es as unimodal (audio only or visual only) or cross-modal (visua
of information integration theory requires three functisn music) stimuli to subject groups and surveyed psychometric
when a task involves certain responses from multiple stimulia ective responses (self-rating of emotion), from which
valuation (represented psychological values of multipleslidn  three indices were derived (evaluation, activity, and pogen
integration (being combined into single psychological sy which are equivalent to valence, arousal, and texturefobnt
and response (being converted into an observable respons&spectively). In this experiment, we focused on a two-
functions. The functional measurement diagram descrifes t dimensional (2D) representation (valence and arousal) to
perception of emotions in multimedia in the context of audio validate the a ective meaning of our visual music in accorc&n
and visual information in relation to the information integtion  with the circumplex model of a e¢Posner et al., 2005Finally,
theory. And, the information-processing model of aesthetiove examined electroencephalography (EEG) responses as
experience describes how aesthetic experiences are inwaitved physiological internal representations of valence (in other
cognitive and a ective processing and the formation of aeithe words, as represented by frontal alpha asymmetry) to the
judgments in a number of stages. representation of visual music as a partial emotional vailchat

g) The creation of emotional visual music stimuli and the
assessment of perceived emotional meanings of the stimuli
according to modalities, and

FZ) The investigation of our hypothesis regarding the
enhancement e ect in relation to the integration conditions
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FIGURE 1 | A model of continuous auditory-visual modulation in tegration perception. The diagram begins with the auditory-visual stimuli that arpresented
to the individual organisms and processed by evaluation fugtions (V) into their psychological values of (Ov) and (O&hese psychological stimuli combine with
continuous internal integration functions (S) through theodulation values (Mvm) and predictive deviation values\(R) into tentative implicit synthesizing responses
(Evm). And the multisensory aesthetic evaluation functigiiR) transports them to elicit the immanent, holistic aesthi& emotion of the visual music (Rvm).

of visual music. In our main experiment (Experiment 2), weEXPERIMENT 1. EMOTIONAL VISUAL

investigated the auditory-visual aesthetic experiencegh e NUSIC DESIGN AND VALIDATION

particular focus on added-value e ects that result in a ective

enhancement as a functional-information-integration apgtas.  In this experiment, we explained the scheme for the constractio
To investigate this, we included two additional visual neusi of each modality of the three visual music stimuli, and we
compositions (negative in valence) created by a solo metl& ar assessed the subjects' perceptions of our target emotion via a
to our visual music stimuli. We separated the unimodal stimul 2D representation (valence vs. arousal using indices corstiuc
from the ve original visual music stimuli into independent from the self-ratings). We also assessed the electrophysialog
audio-only and visual-only channel information (named response of the participants relative to valence perception
Al1-A5 and V1-V5, respectively), and assessed the a ecti(positive vs. negative) and EEG frontal alpha asymmetry to
emotion thereof via our subjects' self-ratings (as in Experit  validate perceived and potential emotion elicitation. The aif

1). Finally, we cross-matched the unimodal information ofthis rst experiment was to validate the construction paradigm
altered visual music, forming three combination condit®on and the emotion-targeting properties of our abstract visuabin
(conformance, complementation, and contest) of multimediamovies.

combinations Figure S, and compared the aesthetic a ective

responses of viewers (self-rated) to investigate our erdrapat  Methods

e ect hypothesis using the nine visual music stimuli (ve Participants

original visual music stimuli and four altered visual musicFor the preliminary experiment, we recruited 16 people from the
stimuli). Graduate School of Culture Technology (GSCT) in the Korean
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Advanced Institute of Science and Technology (KAIST) andifr To conceptualize the target emotion and to discriminate
Chungnam University, Daejeon, South Korea. Advertisementamong the perceived a ective responses to the stimuli, we took
to recruit aesthetic questionnaire participants for two diegit  a dimensional approach, which identi es emotions based on
groups were posted on the bulletin boards to collect nativéhe placement on a small number of dimensions and allows
Korean-language speakers with no special training or exgerti® dimensional structure to be derived from the response data
in the visual arts or in music (people who could not play (for a review of the prominent approaches to conceptualizing
any musical instruments or who only played instruments as &motion, seesloboda and Juslin, 2004. 76-81). We chose and
hobby and had< 3 years' of lessons). The two groups werecharacterized three “positive target-emotions” (happy, xeth
the unimodal behavioral survey group and the cross-modadnd vigorous) that can be distinctly di erentiated from eachet
survey with EEG recording group. The unimodal survey groupvhen placed on a 2D plane similar to the circumplex model
subjects [mean agP 26.12, sex (m:fD 4:4, minimum ageD  (Posner et al., 2005Please sdeigure S2

24, maximum ageD 29] attended individual survey sessions . e . .
. . . ) Happy: high-positive valence and neutral-active arousal.

at an allocated time. Each subject attended the experimental 2 L - .
Relaxed: mid-positive valence and mid-passive arousal.

session for about 20 min, and had the option to enter a draw) ™ i " . .
li) Vigorous: neutral-positive valence and high-active
arousal.

to win an on-line shopping voucher worth $20 in return for
their participation. All participants completed a questionnaire
detailing their college major, age, gender, and musicaliswal We then focused on previously published empirical studies
background. The participants had various kinds of degrees) su that examined the iconic relationships between the separate
as broadcasting, computational engineering, bio-neurersm, structural properties of visual stimuli and emotiofigkahashi,
and business management, while no subject was a musician ©995; Somsaman, 2004nd auditory stimuli and emotion

an art major. The cross-modal survey group subjects [mea&n agGabrielsson and Lindstrom, 2001; Sloboda and Juslin, )2001
D 22.5, sex (m:fP 4:4, minimum ageD 20, maximum agd  to customize our directive production guidelines for our
26] attended the experimental session in the morning and spengéam of creative artists. By considering constructivist teor
about 60 min including preparation, recording the EEG and(Mandler, 1975, 1994 we assembled important structural
the behavioral survey session, and after experiment defgie components that matched the targeted emotional expressions
The subjects were given $30 per hour as compensation. Alla a broad but non-exhaustive review of previous research on
participants were certied as not suering from any mental the correlation of emotional elicitation in auditoryTéble 1)
disorder, not having a history of drug abuse of any sort, andnd visual Table 2 cues. Based on the idea that not only
provided a signed consent form after receiving an explanatiothe formal properties of stimuli but also the intention of the
about the purpose of and procedure for the experiment. In ourartist and the circumstances can aect aesthetic experience
cross-modal group, no subject was a music or an art majoto a large extent (se®edies, 2005 we further briefed our
The study was approved by the Institutional Review Board ofreative artists about the use of stimuli in the experimerite T

KAIST. creative artists cooperated fully to create visual musicern
conveying targeted emotions to the viewers by complying with
Stimuli Composition the directive guidelines to output them as positive a ection-

The notion of the existence of some universal criteriginducing stimuli.

for beauty Etco, 2011), together with the consideration

of formalist (aesthetic experience relies on the intrinsicAudio-only stimuli production

sensual/perceptual beauty of art) armmbntextual (aesthetic Three 60-s, non-lyrical (containing no semantic words), and
experience depends on the intention/concept of the artistonsonant music pieces were created by a music producer based
and the circumstances of display) theories (for reviews, sam the directive design guidelineSable 1). Basic literature-
Shimamura, 2012; Redies, 2DIhakes it possible to create based information for musical structure properties, such as
the intrinsic positive valence of auditory-visual stimulaged harmony, modality, melody, metrical articulation, intetys

on an automatic evaluation of esthetic qualities. Hence, wehythm, instrument, and tempo, were suggested (for revieas, s
constructed abstract animations synchronized with musiatt Bunt and Pavlicevic, 2001; Gabrielsson and Lindstrom, 001
could convey jointly equivalent positive emotional conrt@as  However, the artist appointed to create emotion-inducing mus

to assess positive emotion-inducing visual music. In congmeri  noted particular details regarding the decisions. For examipée, t
to existing visual music, the new stimuli with a directiveresearch team suggested modality directions based onwedie
design could be advantageous for conducting emotion-ifmaiyic  studies (such as “Major” for “happy”), and the artist chose the
empirical research because they allow for the inspection dbnic center of the key (F#), which can be a basic sub-element
structural and contextual components, and provide inforroati  of the modality. All the music was created in a digital audio
about production to a certain extent. They can also balanceorkstation that was equipped with hardware sound modules,
production quality di erences among stimuli more easily thansuch as a Kurzweil K2000, Roland JV-2080, and Korg TR-Rack,
when using existing artworks. Furthermore, they remove th@nd music recording/sequencing programs, such as Digidssig
familiarity e ect that seems to be a critical factor in the Pro Tools, Motu's Digital Performer, and Propellerhead's Reaso
listener's emotional engagement with musiBefeira et al., as well as other audio digital signal processing (DSP) plug-
201). ins, such as Waves Gold Bundle. The nal outputs were
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TABLE 2 | Summary of visual design structural guidelines selec

ted from reviewed studies and artists' decisions.

Structural component

Happy

Relaxed

Vigorous

Studies of rela ted
variables of visual
components**

Thematic milieus (adjective)

Warm, delight, cheerful,
joyous

Calm, soothing, serene, tranquil

Exploding, lively, sprigly, exciting

Lundholm, 1921;
Hevner, 1935

Main motive object shape

Water droplet:
circular form

(Spherical)

Water waves:
S-curve ows

Then

(Kaleidoscopic, Oval, Rhombus,

Hexagon)*

Water Vortex:

4

up heaving

(Symmetrical Pattern, Petaloid)*

Hevner, 1935; Lyman,
1979; Takahashi, 1995

Main object movement
(secondary movement)*

Repetition of circles

Descending S-curves
then
focusing in*

Expanding out
then
repetition of rising bursts*

Poffenberger and
Barrows, 1924;
Takahashi, 1995

Main color pallets (secondary
colors)*

Red, orange, yellow

(Green, Blue)*

Blue, green, purple, white, brown Blue, green, yellow, white

= EE
[ |
(Pink)*

Hevner, 1935; Wexner,
1954; Lyman, 1979

Object kinetics and moving
vectors

Uphill Slant (Lower Left to
Upper Right),

Horizontal (Left To Right),
——>

Vertical Upward,

Block, 2013; Zettl,
2013

Downhill Slant (Upper Left to
Lower Right)

S

Medium Slow

Upper Right to Lower Left

Expansion,
Fast Cuts,
Contrasts

Block, 2013; Zettl,
2013

Editorial scene rhythm Quick

Sequence transition Strong and fast changes,
jump cuts,

long exposure of objects

Slow and weak changes,
smooth and dissolve, small
number of scenes

Contrasting between different images, Block, 2013; Zettl,
jump cuts, many scene changes 2013

Prototypical directive guidelines provided information about basic setts in important visual and animation structural expressions to generateétassociated target emotional meaning
in the abstract animation.*Sub-element of the component chosen by the artist considering the target motion of the music production. **Selective studies vary in methodological
approaches to investigating the in uence of the related visual componerand its expressions regarding emotion.

exported as digitized sound les (44.1 k sampling rate, 16-biand a Sony DCR-HC1000. The nal visual stimuli consisted of
stereo). QuickTime movie (.mov) les that were encoded using Sorenson
Video 3 (400 300, NTSC, 29.97 non-drop fps).
Video-only stimuli production
Three colored, full-motion, and abstract animations thatVisual music integration
included forms (shapes), movement directions, rhythm, clo For each visual music integration, the motion graphic artist
thematic milieus, scene-changing velocities, and annati arranged the synchronization of visual animations to its
characteristic directions were created based on the goeel comparable music (for example, happy visual animation
(Table 2. The collaborative team consisted of two visual artistssynchronized to happy music) while taking the directive
one of whom designed the image layout and illustration withmotion guidelines Table 2 into account. In other words,
shapes and colors, while the other created the animated motiche movements of the visual animation components, sequence
graphics for it. As with the audio stimuli, we suggested dikec changes, kinetics, and scene-change speed evolved oventime
guidelines for the overall important structural factors thet accordance with the directive guidelines while incorporgtin
artists, and they noted detailed sub-elements. To creaée tlgood accompaniment to the compatible formal and contextual
animations, the artists used a digital workstation equippéthw changes in the music (such as accents in rhythms, climax/high
Adobe Photoshop, Premier, Max/MSP with Jitter, After E ects,points, the start of a new section, and so on). An illustrative

Frontiers in Psychology | www.frontiersin.org 6 April 2017 | Volume 8 | Article 440


http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive

Lee et al. Evaluation of Emotional Visual Music

overview of the three visual music stimuli is provided inCross-modal presentation and EEG recordings
Figure 2, and the content is available online at https://vimeo.The cross-modal tests were performed in the morning (9-12

com/user32830202. a.m.) and, excluding the preparation and debrie ng, the EEG
recording and behavioral response survey procedures tdidk-
Procedure 20 min per subject. During each session, participamts(8)

Prior to each experiment, regardless of the modalities, aWere seated in a comfortable chair with their heads positidned
participants were fully informed that they were participating custom-made head holders placed on a table in front of therchai
in a survey for a study investigating aesthetic perception fofHard PVC support with a soft cushion to reduce head movement
a scienti ¢ research project in both written and verbal forms and to maintain a normal head position facing the screen). Each
We distributed a survey kit, which included information ao Participant was presented with the visual music, had their kead
the purpose of the survey, questions to be answered by tdacing the computer screen (the head to screen distance was
participants regarding demographic information, major stage 60 cm from a 19-inch LCD monitor; Hewlett Packard LE1911),
and music/art educational backgrounds (if they played anynd was given a set of headphones (Sony MDR-7506). Three
instruments, how long they had experienced musical/visuafisual music stimuli were shown in pseudo-random order to
art training), and an aective questionnaire form for each avoid sequencing e ects. Resting EEGs were recorded for 20 s as
presentation. Our a ective questionnaire consisted of 13 pair@ baseline before each watching session to allow for a steakb

of scales that were generated by referencing a previous stuB§fore the subjects moved on to the next stimulus, thus angid
(Brauchli et al., 1995that used nine-point scale ratings for excessive stress and providing a baseline time calculation f
bipolar sensorial adjectives to categorize the emotionalimimggs ~ the resting alpha frequency peak (see Section Data Analysis,
of the perceived temporal aective stimuliFigure S3. We EEG analysis). The subjects answered the survey relating to
also explained verbally to our participants how to respond tmotion after completing the EEG recording of watching the
the emotion-rating tasks on the bipolar scales. The consentisual music stimulusRigure S41 to allow for complete focus

of all subjects was obtained before taking part in the study?n the presentation of the stimuli and to avoid unnecessaig&o
and the data were analyzed anonymously. All our surve?rtifacts in the EEG recordings. EEG recordings were digéd
studies, irrespective of modal conditions, were exempt frongt @ frequency of 1,000 Hz over 17 electrodes (Ag/AgCl,
the provisions of the Common Rule because any disclosure dfeuroscan Compumedics) that were attached according to the
identi able information outside of the research setting wg ~ 10—20 international system with reference and ground at lef
not place the subjects at risk of criminal or civil liability be ~ @nd right earlobes (impedance 10k ohms), respectively.

damaging to the subjects' nancial standing, employahility Artifacts resulting from eye movements and blinking were
reputation. eliminated based on the recording of eye movements and

eye blinking (HEO, VEO), using the Independent Component
Analysis (ICA) in the EEGLAB Toolbdk (Delorme and
Unimodal presentation Makeig, 2001 Independent components with high amplitude,
For the unimodal group, we conducted 20-min experimentahigh kurtosis and spatial distribution in the frontal region
sessions with each individual participant in the morning(obtained through the weight topography of ICA components)
(10-11a.m.), afternoon (4-5 p.m.), or evening (10—11 p.mmgti were visually inspected and removed when identied as eye
slots, depending on the subject's availability. A sessimisisted movement/blinking contaminations. Other muscle artifacts
of a rest period (5 s) followed by the stimuli presentationrelated to head movements were identi ed via temporal and
(60s), repeated in sequence for all stimuli. Three audigronlposterior distribution of ICA weights, as well as via a high-
and three visual-only stimuli were shown to subjects via drequency range (70-500 Hz). The EEG recordings were dtere
19-inch LCD monitor (Hewlett Packard LE1911) with a setusing a zero-phase IIR Butterworth bandpass Iter (1-35 Hz). A
of headphones (Sony MDR-7506). The stimuli presentatiomf the computer analyses and EEG processing were performed
was in pseudo-random order by altering the play order ofusing MATLABR (Mathworks, Inc.).
modality blocks (audio only or video only) and by varying
individual stimuli sequences within each block to obtainData Analysis
the emotional responses of subjects for all unimodal stimulEmotion index and validity
while avoiding an unnecessary modality di erence e ect; forAlthough the 13 pairs of bipolar ratings from the survey could
example, V1-V3-V2-A1-A2-A3 for subject 1, A2-A1-A3-V2- provide useful information about the stimuli independently
V1-V3 for subject 2, V3-V2-V1-A3-A2-Al for subject 3, and of each other, there was a need to divide them into smaller
so on. The audio-only stimuli accompanied simple blackdimensions to identify emotions based on their position in a
screens, and the video-only stimuli had no sound on thesmall number of dimensions. While the circumplex model is
audio channels. Each subject completed the questionnaiile whknown to capture fundamental aspects of emotional responses,
watching or listening to the stimulus (séggure S43. Subjects in order to avoid losing important aspects of the emotional
were not given a break until the completion of the nal process as a result of dividing them into too many dimensions,
guestionnaire in an e ort to preserve the mood generated andve indenti ed three indices of evaluation, activity, and eoty.
to avoid unexpected mood changes caused by the externale referred toth&emantic Di erential Techniqu®sgood et al.,
environment. 1957, and extracted the three indices by calculating mean &lue
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FIGURE 2 | Snapshot information about the visual channel, the a  uditory channel, and structural variations in the temporal s treams of our three
positive emotion visual music stimuli.

of the ratings of four pairs per index from the original 13 pairsof the happy-sad, peaceful-irritated, comfortable-uncortgble,
used in our surveys. Speci cally, the evaluation index aiésies and interested-bored scales. The activity factor reprasent
“valence,” and its value was obtained from the mean rating&rousal,” and is the average of the tired-lively, relaieuse,
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dull-energetic, and exhausted-fresh scales. The poteratgrfa relaxed, and vigorous). This analysis examines three dimall
re ects “control-related,” and was derived from the unsafe hypotheses:

safe, unbalanced-balanced, not con dent-con dent, anghtt
heavy scales. We did not include the calm-restless scaleein t
activity index because we found (after completion of the sysye
that there was a discrepancy in the Korean translation, whic
showed “unmatched” for the bipolarity pairing. The nal indis
(evaluation, activity, and potency) were rescaled from timen
point scales to a range of [, 1], as shown ifrigure S5

F]l) “Modality” will have no signi cant e ect on “emotional
assessment” (evaluation, activity, and potency),

IQZ) “Target-emotion” will have no signicant eect on
“emotional assessment,” and

(3) The interaction of “modality” and “emotion” will have no
signi cant e ect on “emotional assessment.”

We then performed follow-up one-way repeated measure

EEG analysis analysis of variance (one-way repeated measure ANOVA) tests
For the EEG, we adopted a narrow-band approach based on tlier the three indices combined with the same within-subject
Individual Alpha Frequency (IARSlimesch etal., 1998; Sammler factor “target-emotion” for each modality. We checked tybic
et al., 200y rather than a xed-band approach (for example, aassumptions of a MANOVA, such as normality, equality of
xed alpha band of 8-13 Hz). This approach is known to reducevariance, multivariate outliers, linearity, multicoléarity, and
inter-subject variability by correcting the true range afarow-  equality of covariance matrices and, unless stated otlserwi
band based on an individual resting alpha frequency peak. Ithe test results met the required assumptions. ANOVAs that
other words, prior to watching each clip (subjects resting fodid not comply with the sphericity test (Mauchly's test of
20s with their eyes focused on a cro§¥)[ the baseline IAF sphericity) were reported using the Hyunh-Feldt correction.
peak of each subject was calculated (clip 1: 10IZ.5 Hz; clip  Post-hoanultiple comparisons for the repeated measure factor
2:10.1 0.8 Hz; clip 3: 10.1 1.3 Hz). The spectral power “clip” were performed using a paireitest with a Bonferroni
of the EEG was calculated using a fast-Fourier transfornT{FF correction.
method for consecutive and non-overlapping epochs of 10s (for To inspect the perceived emotional meanings of the visual
each clip, independent baseline and clip presentation). Ireord music stimuli, we conducted a one-way ANOVA to examine
to reduce inter-individual di erences, the narrow band ra®) the means of evaluation, activity, and potency indices ghre
were corrected using the IAF that was estimated prior to eactactors of “a ection” as dependent variables) for each “targe
clip according to the following formulas: Theta ([0.4—-0.6JAF  emotion” clip. Considering the mixed subject groups (ideatic
Hz), lowAlphal ([0.6-0.8] IAF Hz), lowerAlpha2 ([0.8—1.0] subjectsin audio only and video only, but di erent subjectstie

IAF Hz), upperAlpha band ([1.0-1.2] IAF Hz) and Beta visual music group), we then conducted non-parametric Kruskal
([1.2-2] IAF Hz). From the power spectral density, the total Wallis H-tests (K-W test) to see if “modality” would have
power in each band was calculated and then log transformean e ect on “emotional assessment” (evaluation, activitygd a
(10logio, results in dB) in order to reduce skewnesximidt potency) in the same “target-emotion” group (“happy” target-
and Trainor, 200). The frontal alpha power asymmetry wasemotion stimuli: A1, V1, and A1V1), and to examine whether
used as a valence indicatoC@an and Allen, 2004 and was the interaction of “modality” and “emotion” would have an e ec
calculated for the rst 10 seconds of recording (1Qlggto  on “emotional assessment.”
monitor emotional responses during the early perception of the For the frontal asymmetry study of the EEGs, we used a
visual music Bachorik et al., 20Q%nd the delayed activation of symmetrical electrode pair, F3 and F4, for upperAlpha band
the EEGs (also associated with a delayed autonomic responpewers (see EEG Analysis Section for a de nition of upperAlpha
Sammler et al., 200.7For the overall topographic maps over band from IAF estimation) to calculate lateral-asymmetiglices
time (considering all 17 channels; EEGLAB topoplot), theager by power subtraction (power of F4 upperAlpha—power of F3
power in each band divided by the average baseline powepperAlpha). We performed a Pearson's correlation between
in the same band was plotted for each 10s epoch from théhe valence index (evaluation) and the frontal upperAlpha
baseline to the end of the presentation (subject-wise agevfg asymmetry in order to validate our index representation of
10logo(P/Phasgd, Where P is the power and,Reis the baseline valence through electrophysiology. For each clip, we performed
power in the band; seBigure 4 and Figure S§. All statistical a pairedt-test between F4 and F3 upperAlpha values to quantify
analyses were performed on the log-transformed average powsie frontal alpha asymmetry.
estimates. All statistical tests were performed using the Statistical

Package for Social Science (SPSS) version 23.0.

Statistical analysis
To inspect the perceived emotional meanings of each unimoddResults
presentation, we compared the means of the evaluation, ggtivi Unimodal Stimuli
and potency indices (three factors of “a ection” as dependenAudio only
variables) across the audio only and across the video onfy. WWe obtained the a ective characteristic ratings of each torglt
performed a multivariate analysis of variance (two-way régea only stimulus, as shown inTable 3 and Figure 3 A one-
measure MANOVA) using two categories as between subjestay ANOVA was conducted to compare the e ect of the
factors (independent variables), “modality” (two levelsdia presentations on the three indices. The result showed that th
only and visual only) and “target-emotion” (three levelappy, e ect of the clips on the levels of all three indices was sigant;
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TABLE 3 | Mean and standard deviation comparison for evaluatio n, activity, and potency indices of all three stimuli in three different modalities.

Stimuli N Evaluation Activity Potency

Mean SD Mean SD Mean SD

Audio Only Clip 1 (A1)
Visual Only Clip 1 (V1)
A1V1 (A1V1)
Audio Only Clip 2 (A2)
Visual Only Clip 2 (V2)
A2V2 (A2V2)
Audio Only Clip 3 (A3)
Visual Only Clip 3 (V3)
A3V3 (A3V3)

0.60 0.17 0.54 0.16 0.27 0.15
0.47 0.16 0.06 0.33 0.08 0.36
0.51 0.20 0.07 0.43 0.34 0.17
0.32 0.18 0.06 0.28 0.32 0.29
0.15 0.11 0.02 0.42 0.08 0.36
0.13 0.27 0.27 0.24 0.11 0.24
0.18 0.30 0.81 0.12 0.28 0.27
0.28 0.25 0.59 0.27 0.26 0.22
0.34 0.37 0.51 0.27 0.13 0.35

D o O O o 0 © 5 @

3 (p D 0.003). The clip 2 received a signi cantly lower rating in
the activity index than did clip 1@ D 0.000), and clip 3g D
0.000). Clip 3 received a signi cantly higher rating in the:iwty
index (p D 0.045) and a lower rating in the potency indgx
0.001) than did clip 1, and a signi cantly higher rating ineh
activity index p D 0.000) and lower indexing in the potency
index (o D 0.000) than did clip 2. The results indicate that the
valence level (evaluation value) of all three auditory gtivas
perceived as positive, with the clip 1 “happy” showing the highest
positive level of valence. The variations in the activityerd
showed “relaxed” as the lowest (melan 0.06, neutral-passive)
and “vigorous” as the highest (me&n0.81, high-active) arousal
levels, respectively.

Video only
For the visual-only content, we obtained the mean values as
shown inTable 3andFigure 3 A One-way ANOVA test showed
that the e ect of the clips on the levels of the three indices was
signi cant in the evaluation f,, »1y D 6.262,p D 0.007,! 2D
0.373] and activity indicesH, 21y D 7.488,p D 0.004,! 2 D
0.416]. The evaluation index of clip 1 obtained a signi cgntl
higher rating than did clip 2§ D 0.006). The activity index
showed clip 3 received a signi cantly highest rating thad dip
1 (p D 0.017) and clip 2 D 0.005). No signi cantly di erent
e ect of the clips was reported for the potency index. The results
indicate that all visual-only animations were perceived posiy
at valence level; however, there were no clear distinctions of
the perceived emotional information (evaluation, actiyignd
potency) among the three animations (VY3), as was partially
shown in the audio clips (A1A3). The animation “vigorous”
FIGURE 3 | Comparison of connotative meanings of three clip sti muli showed the higheSt aCtiVity (meem 0.59, high'aCtive) rating,
using the evaluation and activity indices into 2D planes.  Subjects’ while both the animations “happy” and “relaxed” showed atyivi
responses are shown for the conditions(A) audio only, (B) visual only, and(C) ratings that indicated low-level arousal experienced by the
visual music (combined auditory and visual stimul). subjects for these two animations (meBr0.06, neutral-passive
and mearD 0.02, neutral-passive, respectively).

We conducted two-way repeated measure MANOVA
evaluation F, 21y D 7.360,p D 0.004,! 2D 0.412], activity tests with the three indices and two between-subject factors
[Fez, 21yD 39.170p D 0.000,! 2 D 0.789], and potencyH,, o1y  (‘modality” and “target-emotion”), and Mauchly's test irted
D 14.948p D 0.000, 2 D 0.571]. We found that clip 1 received that the assumption of sphericity had been violatesfz) D
a signi cantly higher rating in the evaluation index thanddtlip  14.244p D 0.001; therefore, degrees of freedom were corrected
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TABLE 4 | Results of Two-Way Repeated Measure MANOVA using th e Huynh-Feldt Correction following a violation in the assumpt ion of sphericity.

Effect Type Il sum of squares df Mean square F Sig. Partial eta squared
AestheticEmotion 1.527 1.785 0.855 11.018 0.000 0.208
AestheticEmotion * Modality 0.324 1.785 0.182 2.340 0.109 0053
AestheticEmotion * Emotion 4.933 3.570 1.382 17.796 0.000 0459
AestheticEmotion * Modality * Emotion 0.984 3.570 0.257 3.88 0.013 0.145
Error(Affection) 5.821 74.978 0.078

The analysis checks for effects of variables in modality and targetrtion categories on affection information (evaluation, activity, and potency)

using Huynh-Feldt estimates of sphericity D 0.77), and the Further inspection of the perceived emotional information
results are shown iffable 4 The results of the 2 3 MANOVA  (evaluation, activity, and potency) on the interactions tfrtjet
with modality (audio only, visual only) and target-emotion emotion” and “modality” was conducted via a K-W test. The
(happy, relaxed, vigorous) as between-subject factors showtest results showed that there was no statistically signtca
main e ect of emotion, F57,74.98D 17.80,p D 0.000,!,23 di erence among the three di erent modalities on the evalueti

D 0.459], and an interaction between modality and emotionindex. However, there were statistically signi cant di es
[F(3.57, 74.98P 3.548p D 0.013! D 0.145]. The results indicate on activity scores for the “happy” stimuli among the di erent
that “target-emotion” and the interaction of “modality and modalities, 2 D 11.409,p D 0.003, with a mean rank index
target-emotion” have signi cantly di erent e ects on evaltian,  score of 19. 250 for A1, 10.130 for A1V1, and 8.130 for V1,

activity, and potency levels. and for the “vigorous” stimuli, 2(2) D 6.143,p D 0.046, with

a mean rank index score of 17.440 for A3, 9.190 for A3V3,
Cross-Modal Stimuli and 10.880 for V3. Three statistically signi cant di erendes
Behavioral response potency scores were reported. The “happy” stimuli in di erent

The ratings for the cross-modal subjects were obtained, an@odalities showed &, D 6.244,p D 0.044, with a mean rank
were distributed as shown ifiable 5and Figure 3 The simple index score of 14.060 for A1, 15.880 for A1V1, and 7.560 for V1
placement of evaluation and activity values on the 2D plange “relaxed” stimuli, (2) D 6.687,p D 0.035, had a mean rank
illustrates the characteristics of our stimuli at a glanaad index score of 17.310 for A2, 8.250 for A2V2 and 11.940 for V2,
we can see that they indicate positive in emotional valencehile the “vigorous” stlmuhshowed2 D 8.551pD 0.014, with
(mean evaluation index 0), irrespective of the modality of the a mean rank index of 6.560 for A3, 15 130 for A2V2, and 15.810
presentation Eigure 3). Clip 1, “happy,” targeted a high-positive for V2 (Table 5.
valence and neutral-active arousal emotion, and indicatex
comparable perception of the subjects (evaluation: 0.5120; EEG response
activity: 0.07  0.43); clip, 2 “relaxed,” a mid-positive valenceThe temporal dynamic of visual music creates complex responses
and mid-passive arousal, displayed a tendency similar to th@ EEGs, with spatial, spectral, and temporal dependency fdr eac
viewers' responses (evaluation: 0.130.32; activity: 0.27 clip (Figure S§. In order to remain within the scope of this
0.24), while clip 3, “vigorous,” showed a neutral-positiaéence  study, we focused on a well-known EEG-based index of valence
and high-active arousal (evaluation: 0.340.37; activity: 0.51 |t has been proposed that the frontal alpha asymmetry (EEG)
0.27). could show close association with perceived valence in thg ea
We performed a multivariate analysis of variance using @tage of the presentation of stimukl{ne et al., 2000; Schmidt
category as the independent variable “target-emotion” €€hr and Trainor, 2001; van Honk and Schutter, 2006; Winkler et al
levels: happy, relaxed, and vigorous), with evaluationyigti  201(). We used the known neural correlates of emotion (frontal
and potency indices as dependent variable. The test showedagymmetry in alpha power) to assess the internal responses of
statistically signi cant main e ect of the clip (target-ertion)  our subjects and to provide a partial physiological validation
on the activity index Fz, 23D 11.285p D 0.000,! 3 D 0.518]  of our targeted-emotion elicitation from watching visualsic.
and on the potency indexHy »3y D 6.499,p D 0.006,!,2J D  We found statistically signi cant correlations betweeraiation
0.382]. Apost-hodest indicated that clip 3, “vigorous,” showed and the frontal upperAlpha di erence (evaluation-upperAlpha
signi cantly higher activity rating values than did clip bdppy”  Subtractionr4) D 0.505,p D 0.012;Figure 4). We also found
(p D 0.042) and clip 2 “relaxed’p(D 0.000). Clip 1, “happy,” a signi cant di erence between F4 and F3 upperAlpha power
showed signi cantly higher potency values than did clip 2,[t7y D 5.2805;p D 0.001; paired-test] for clip 1, the visual
“relaxed” @ D 0.005). The means of the evaluation index showsusic stimulus showing the most positive response in valence.
that the clip “happy” had the highest evaluation valD 0.51, Clips 2 and 3 did not show signi cant di erences in the frontal
high-positive level), and the clip “relaxed” had the lowedtlD)  upperAlpha band powerigure 5A).

0.12, mid-positive). The activity index in the visual musiowed In addition to the frontal asymmetry, we noted a qualitative
that the clip “vigorous” had the highest activity valid O 0.51, average increase in frontal theta power and a decrease in power
high-active in arousal). for lowAlpha2, compared to the baseline in the early presentatio
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TABLE 5 | Results of the Kruskal-Wallis Test comparing the effe

(evaluation, activity, and potency).

ct of our designed emotional stimuli on the three perceived emot

ion assessment indices

Emotion assessment N Mean Std. Deviation Min Max Percentiles
indices
25th 50th (Median) 75th
DESCRIPTIVE STATISTICS (NPar Test)
Clip 1 Target-Emotion "Happy' Evaluation 24 0.526 0.178 0.0 0.880 0.375 0.531 0.688
Activity 24 0.224 0.387 0.940 0.750 0.000 0.281 0.438
Potency 24 0.237 0.204 0.060 0.630 0.063 0.250 0.359
Total 24 24.330 26.811 1.000 61.000 1.000 11.000 61.000
Clip 2 Target-Emotion ‘Relaxed" Evaluation 24 0.198 0.227 0.310 0.690 0.063 0.219 0.359
Activity 24 0.117 0.328 0.560 0.560 0.422 0.188 0.125
Potency 24 0.086 0.344 0.500 0.690 0.172 0.031 0.359
Total 24 28.670 25.481 2.000 62.000 2.000 22.000 62.000
Clip 3 Target-Emotion “Vigorous' Evaluation 16 0.268 0.306 0.310 0.880 0.063 0.281 0.469
Activity 16 0.635 0.256 0.000 0.940 0.500 0.719 0.813
Potency 16 0.000 0.339 0.750 0.690 0.250 0.031 0.250
Total 16 33.000 25.022 3.000 63.000 3.000 33.000 63.000
Emotion assessment indices Clip ID N Mean Rank Chi-Square df Asymp. Sig. Effect Size ( ! 2)
RANKS (KRUSKAL-WALLIS TEST)
Clip 1 Target-Emotion "Happy" Evaluation Al 8 16.060 3.227 2 0.199 0.140
AlV1 11.380
V1 10.060
Total 24
Activity* Al 8 19.250 11.409 2 0.003 0.496
AlV1 10.130
Vi 8.130
Total 24
Potency* Al 14.060 6.244 2 0.044* 0.271
A1Vl 15.880
Vi 7.560
Total 24
Clip 2 Target-Emotion "Relaxed' Evaluation A2 8 16.380 3.674 2 0.159 0.160
A2V2 10.560
V2 10.560
Total 24
Activity A2 14.250 2.379 2 0.304 0.103
A2V2 9.380
V2 13.880
Total 24
Potency* A2 17.310 6.687 2 0.035 0.291
A2V2 8.250
V2 11.940
Total 24
(Continued)
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TABLE 5 | Continued

Emotion assessment indices Clip ID N Mean Rank Chi-Square df As ymp. Sig. Effect Size ( 12)

Clip 3 Target-Emotion "Vigorous' Evaluation A3 8 10.060 141 2 0.487 0.063
A3V3 8 13.630
V3 8 13.810
Total 24
Activity* A3 8 17.440 6.143 2 0.046 0.267
A3V3 8 9.190
V3 8 10.880
Total 24
Potency* A3 8 6.560 8.551 2 0.014 0.372
A3V3 8 15.130
V3 8 15.810
Total 24

The rank-based non-parametric analysis was used to check the rankrder of the three modalities (audio only, video only, visual music) and to tmine if there were statistically
signi cant differences between two (or more) modalities. For furtheinvestigation, a higher value in the mean rank indicates the upper rankr example, in the “happy” clip group, A1
(Mean rankD 16.06) is higher in rank than the other two modalities, V1 (Mean rarik 10.06) and A1V1 (Mean rankD 11.38) on the evaluation index* Indicates a signi cant difference
p < 0.05, while bold type indicates the highest rank per category.

Discussion

In this experiment, we plotted the valence and arousal
information of our designed clips on a well-known 2D plane
with the means of the extracted evaluation and activity oedi
from psychometric self-rated subject surveys. The stadistic
analysis result indicates that our directive design of Jisua
music delivered positive emotional meanings to the viewetls wi
somewhat di erent valence, arousal, and texture informatio
when compared to each other. The 2D plane illustration
indicated that our constructed emotional visual music \dde
delivered positive emotional meanings to viewers that were
similar to the intended target emotions. Comparisons of same
target-emotional stimuli between modalities indicatedthhe
likelihood of assessing valence (evaluation) informativas
similar for all three modality groups, while assessing the
arousal (activity) and texture/control (potency) infornar
was not similar. In other words, the target-emotion designs
of audio, video, and visual music were likely to have similar
information on valence levels with di erences on arousal and

FIGURE 4 | Scatter plot and correlation between evaluationr  ating texture/control levels. In addition, the frontal EEG asywtny
(valence) and upperAlpha frontal asymmetry.  Upper Alpha power was response during the early phase (rst 10 s) of the visual music
estimated for the early presentation of clips (10s), and waleg transformed . . . i i

2 ) . presentation correlated with the perceived valence indexchvh
(10logy g uVv<). Frontal asymmetry was estimated as the difference of F34Fof . . ! ;
log transform of upperAlpha band power [10logg(P)]. Pearson's correlation supports .a p953|b|e relatlonshlp b?Fween va]ence ) rgtlr!gs ‘T’md
was used (N D 8 subjects). the physiological response to positive emotion elicitation in

our subjects. In our view, this preliminary experiment might
provide a basis for the composition of synthetically integcht
abstract visual music as unitary structural emotional sifim
phase of clip 1 (rst 10 sFigure 5B). Subjects' responses during that can elicit autonomic sensorial-perception brain procegsin
the early presentation of clip 2 (relaxed) exhibited a moréience, we propose visual music as prototypic emotional stimuli
symmetrical activity in the lower frequency bands (thetaian for a cross-modal aesthetic perception study. The result of
lowAlphal), as well as in beta power. Clip 3 (vigorous) elitite this experiment suggests the possibility of authenticating t

a stronger average increase in power. Notably, clip 3 show&@ntinued investigation of aesthetic experiences using aect

more remarkable increase in frontal upperAlpha and lowAlpha2visual music stimuli as functions of information integrai.
power, compared to baseline recording. However, the addition of negative emotional elements in
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FIGURE 5 | EEG responses to each clip presentation. (A)  F3 and F4 frontal upper Alpha power (10logg uV2) for the rst 10s of clip presentation for clip 1
(happy), clip 2 (relaxed), and clip 3 (vigorous)B) The overall topographic EEG changes from the baseline for ¢hearly presentation of each clip (rst 10s). The power
is normalized to the baseline (division) and log transforrdg10*log10) to provide the baseline change in dB. Se€igure S6 the full temporal dynamics of the EEG
response to each clip. Data are presented on a scatter plot athmean s.e.m; ** indicates ap  0.001.

experiment 2 seemed necessary to investigate how the apditoMethods
visual integration condition might a ect the overall aestite To examine the association of di erent information-integjian
experience of visual music and the a ective information imi@ly ~ conditions between two modalities (audio and video) on hest
among modalities. perception and the enhancement e ect (to test our hypothesis
regarding the integration enhancement e ect), we conducted
surveys involving audio-only, video-only, original visualsic,
EXPERIMENT 2: AUDIO-VISUAL and altered visual music stimuli. By using an analogous nttho
INTEGRATION EXPERIMENT in Experiment 1, we conducted psychometrical surveys of
participants and assessed the evaluation, activity and pgptenc
To conduct the experiment, we rst included two additional factors across unimodal and cross-modal stimuli. We then
visual music stimuli created by a solo multimedia artist vh compared the emotional information in unimodal channels and
did not participate in the design of Experiment 1) within visual music, and checked for the presence of added values
the negative spectrum of valence. We then conrmed theesulting from the A/V integration.
perceived emotional responses of participants watching our
emotional visual music, and divided them into three indices Participants
namely evaluation (valence), activity (arousal), and poyen We recruited participants from the Dongah Institute of Media
(texture/control). Lastly, we studied the audio-visuakigration and Arts (DIMA) in Anseong, Korea, and Konyang University
e ect by cross-linking unimodal information from the origal  in Nonsan, South Korea for the four subject groups in our
visual music to retain stimuli for all three integration cditions:  audio-visual integration experiment. Students from the DIMA
conformance, complementation and contest (Section Stimuknrolled in Home Recording Production or Video Production
Construction), and to investigate the enhancement e ect oftlasses served as subjects in exchange for extra crediengtu
perceived emotion by synthetic cross-modal stimuli. from Konyang University enrolled in general education classes
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in Thought and Expression or Meditation Tourism servedTABLE 6 | Visual music stimuli combination conditions informatio  n in the
as voluntary subjects. Voluntary participants from Konyangfurrent study.

University had the 'opt|0n of enter!ng a 'd.raw' to win a co ee Audio Only (Valence, Arousal )
voucher worth $10 in return for their participation. The groups P D Positive, N D Negative, H D High, L D Low
were composed as follows:

Al A2 A3 A4 A5

(a) Audio-only group of 33 video production majoring student (P, H) P, H) (P, H) (N, H) (N, H)

[mean ageD 22.33, sex (m:fD 10:23, minimum ag® 21,

maximum ageb 25]; vi 2C. ) 30,0
(b) Visual-only subjects of 27 students majoring in musien 5 ¢ (GRS

ageD 25.15, sex (m:flD 14:13, minimumD 21, maximum é g V2 2(C. ) 30, 1)

ageD 28]; <23 ey
(c) The original visual music group was composed of 42 stumlen% e 3 V3 1(C, Cy

majoring in cultural events and tourismmjean ag® 22.50, g i £ (PH)

sex (m:f)D 22:20, minimum agP 21, maximum ag® 29, >2T 4 20,0) 1C, )

and § § 2 (N, H)
(d) The altered visual music group was composed of 53 studen&ﬂm \}5 20.0) 1(C. ©)

who were studying majors that included fashion, optometry;> & (N, H)

tourism, business, computer engineering, economics,
psychology, and the likenjean ageD 22.32, sex (m:flD  Clip name and the emotional contexts (valence and arousal information) e&ch unimodal

24:29, minimum ag 20, maximum ag@ 27]_ clip are indicated in bold types. Cross-binding codes indicate auditory-visal (A-V)
combination conditions for all of the visual music stimuli in the current stly. For example,

Considering that our directive design stimuli were based on 2(l, C) where A2 combines with V5 indicates that it is an altered combinati in contest

. . condition with incongruent relationship in valence and congruent relatiship in arousal
the concept of universal beaUty in art, but that the Surve){)etween auditory and visual channels' emotional information. The emotionaheanings
subjects did not include participants form di erent culturéd®e  were validated using similar evaluation and activity indices from theimodal stimuli survey
di erence in the number of subjects in the groups was not catic results in Experiment 1 and Experiment 2., original combination; , altered combination;
(n 27 in all four groups). The survey kits and questionnaires- conformance; 2, Complement; 3, Contest*, control.
were identical to the ones used in Experiment 1, except for
the addition of a pleasant-unpleasant pair as a simple positivé2rocedure
negative a ect response (séggure S3. As in Experiment 1, Unimodal
subjects were fully informed, in both written and verbalrfts, Surveys for the audio-only and visual-only groups were
that they were participating in a survey for a study investiggat conducted on the same day at 11 a.m. and 1 p.m., and all the
aesthetic perception for scienti ¢ purposes. The consent of alubjects in each group sat together in a large, rectanguldioa
subjects was obtained orally before taking part in the stadyl  studio classroom (6 6.5 m) that was equipped with a wall-
the data were analyzed anonymously. Most of the visual musigounted screen (122 92 cm) A/V system and a pair of Mackie
subjects (including both original and altered groups) werd n HRmk2 active monitor speakers. The audio-only group heard
taking majors related to music or visual art, with the excepiof  sound clips (60s each) individually with a 20-s rest between
nine students (one digital content, one fashion design,wgoal presentations, ordered A2—A3-A4—A1-A5, and the visuajtonl
design, one cultural video production, and four interior égy.  group watched video clips (60 s each) that were ordered V2-V4—

V3-V1-V5, with a 20-s rest between each presentation. Each

Stimuli Construction student evaluated the emotional qualities of each stimiiys
As briey explained previously, we extracted the unimodalanswering the questionnaires while listening to or watching
stimuli from ve original visual music videos to divide themto stimuli, and each session lasted 0 min.
independent audio-only and visual-only channel informatio
(named A1-A5 and V1-V5, respectively). Based on the evaluat€ross-modal
emotion from the unimodal information, we them cross-linked We performed the psychometric rating experiments in the
the clips to create altered visual music. This method wasiiadpi afternoon for each group at 1 and 3 p.m., and ve visual music
by the threebasic models of multimedighich is postulated by clips were played in each survey. All the subjects sat together
Cook (1998)and combinations of visual and audio information in a general classroom (approximate room size 42 m) that
based on the two-dimensional (2D) mdoggSomsaman (2004) was equipped with a wall-mounted, large-screen (30229 cm)
The result was nine cross-modal stimuli ( ve original andufo  projection A/V system and a pair of Mackie SRM450 speakers.
altered clips) in three combinations of conditiormonformance For the original visual music group, we played the stimuli ie th
(agreement between valence and arousal information froen thorder A4V4-A2V2—-A5V5-A1V1-A3V3. For the altered visual
video and audio channelsgpomplementatioifpartial agreement music group, we played the stimuli in the order A5V1-A4V2—
between valence and arousal information from the video and1V4-A2V5-A3V3 (the control clip was the same as A3V3).
audio channels) andontes{con ict between valence and arousal Taking into account the temporal contextual changes thauocc
information from the video and audio channels) to use in ourduring the presentation of clips, the students responded the
experiment Figure SJ. self-assessment questionnaires after watching each clip.
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Data Analysis potency F(1, 93yD 0.942p D 0.336d D 0.199]. The descriptive
Reliability and competency tests of the indices statistical results are shown Trable 7and Table S1

Before investigating the added value (enhancement e ect)

of cross-modal perception via visual music, we checked th8tatistical analysis

reliability of our three emotional aspect factors (evaloafi To investigate the perception of emotion in the information-
activity, and potency) by using the data from all conditioms i integration conditions (conformance, complementation,dan
the experiment. The result showed a fairly high reliabiliglue  contest) between two modalities (audio and video), we penéat

for the three indices (Cronbachs D 0.728N D 775), and the a separate one-way ANOVA analysis for each survey group
test indicated the omission of the activity index could l¢ad (ve audio only, ve video only, ve original video music,

a higher Cronbach's alpha valua D 0.915). The inter-relation and ve altered visual music)Post-hoamultiple comparisons
correlation matrix values among the indices were evaluatio of signi cant ANOVA results were then performed using the
activity (0.295114), evaluation-potency (0.843460), aidity-  Bonferroni correction. Levene's test results for equalitfy
potency (0.223417). A Pearson's correlation test indic#ttetl  variances were recorded when violated. All statisticabtesre
three emotional indices were strongly associated: [etiala performed using the Statistical Package for Social SciGRR8S)
activity: r775y D 0.295,p < 0.000, evaluation-potencyi;7sy D version 23.0. The silhouette-clustering index was used as a
0.843p < 0.000, and activity-potencyz75)D 0.223p < 0.000]. measure of clustering. A score close to 1 indicates a compact an
An independent-samplé-test of three indices was conducted well-separated cluster, while a score closeldndicates a cluster
to compare the unimodal group and the cross-modal group inwith a large spread and/or poor separability. The silhouette
the evaluation, activity, and potency level conditions. Tésult  analysis was performed using MATLABMathworks, Inc.).
indicated no signi cant di erences between unimodal D 300)

and cross-modal groups1(D 475), except in the activity values Results

of unimodal (0.216 0.313) and cross-modal (0.1390.279) Emotional Meanings of Clips

conditions; t(773y D 3.587,p D 0.000,d D 0.260. The results Tests of normality, sphericity (Mauchly's test of spherigity)
indicated higher mean activity values for audio only (0.342 equality of covariance matrices (Box's M), and multicoléiriey
0.219) than for visual only (0.062 0.341);t219, 71D 8.267, (Pearson's correlation) for the three indices indicatedttbur

p D 0.000d D 0.975. In addition, we found higher mean activity data have violations in assumptions check for skewnessosistt
values for the original group (0.1890.230) than for the altered sphericity, equality of covariance, and correlations tddate
group [0.099 0.306)t(473)D 3.528p D 0.000d D 0.333]. To  the use of parametric ANOVA or MANOVA tests across three
further check the competency of the activity indices, we khdc  modalities (audio only, video only, and audio-visual). Herfoe

the responses to our control clip (A3V3) of the original@ 42)  comparisons across modalities, we opted for the non-parametri
and altered cross-modah© 53) survey groups. As Levene's testalternative, K-W test. In order to focus on the investigatio
for equality of variances also revealed no signi cant dieces  of “information-integration conditions,” we report only itical

in the two groups' assessments of the control clip, this pravideresults related to cross-modal stimuli in the manuscriptdan
some evidence that the equal variance assumption is satis efiher detailed investigations of multiple K-W tests and orayw
on the univariate level. We found no statistically signita MANOVA tests using three indices (evaluation, activity, patg)

di erences among groups of the three indices, as determinegs dependent variables. “Modality' (audio only, video onhd a
by a one-way ANOVA: evaluatiorF{; ¢3yD 0.051,p D 0.822, cross modal), “clip” (A1, A2, V1, V2, A3V3, A5V1, and so on),
d D 0.047], activity F;, 93yD 0.061,p D 0.806d D 0.045], and  “synchronization” (original vs. altered), or any interamts (of

TABLE 7 | Mean and Standard Deviation Comparison between Orig inal and Altered Groups for Evaluation, Activity, and Potenc y Indices of the Control
Clip (A3V3).

N Mean Std. Deviation Std. Error 95% Con dence Interval for Mea n Minimum Maximum
Lower Bound Upper Bound

Evaluation Original group 42 0.226 0.306 0.047 0.131 0.322 0.438 0.938
Altered group 53 0.212 0.292 0.040 0.132 0.293 0.500 0.875

Total 95 0.218 0.297 0.030 0.158 0.279 0.500 0.938

Activity Original group 42 0.238 0.216 0.033 0.171 0.305 0.313 0.750
Altered group 53 0.251 0.284 0.039 0.173 0.330 0.625 1.000

Total 95 0.245 0.255 0.026 0.193 0.297 0.625 1.000

Potency Original group 42 0.109 0.373 0.058 0.008 0.225 0.938 0.938
Altered group 53 0.179 0.335 0.046 0.087 0.272 0.625 0.813

Total 95 0.148 0.352 0.036 0.076 0.220 0.938 0.938
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modality, clip, and synchronization) as independent vamabl p D 0.013, with a mean rank index score of 30.970 for Al
will be provided separatelfféble S2. and 43.520 for A1V1. The A3 and A3V3 comparison showed
Table 8 shows the indices' values (evaluation, activity, and signi cant di erence in the activity index, (21) D 23.984,
potency) for each mode of presentation, namely unimodal slimup D 0.000, with a mean rank index score of 51.850 for A3
and the auditory-visual integrated stimuli. The valenclkiea for and 27.120 for A3V3. The A4 and A4V4 comparison showed
each clip were found to have similar values to those of aunglito a signi cant di erence in the activity index, 21 D 33.707,
stimuli in the original groups (A1V1, A2V2, and A3V3 had p D 0.000, with a mean rank index score of 54.440 for A4 and
positive valence; in other words, the evaluation inde®; A4V4  25.080 for A4V4, while the A5 vs. A5V5 comparison indicated
and A5V5 had negative valence, as the evaluation ird®with  a signi cant di erence in the evaluation index,(zl) D 5.791,
small di erence in variance; A1V1 (0.66 0.20), A2V2 (0.43 p D 0.016, with a mean rank index score of 30.630 for A5 and
0.27), A3V3 (0.23 0.31), A4V4 (0.42 0.28), and ASV5 42,740 for A5V5. No statistically di erent e ect of clips (Al or
( 0.20 0.33). A1V1) on any of three indices (evaluation, activity, and patg
To inspect perceived emotional information (evaluation,was shown. In four out of ve comparison cases, the cross-modal
activity, and potency) in interactions of “synchronization stimuli showed a higher mean rank over audio-only in the same
(original vs. altered), “modality” (audio only, visual gnland  group inthe evaluation index; A1V1 (mean rabk40.420) vs. Al
cross modal), and “clip” (A1 A5V1), we conducted several (mean rankD 34.920), A2V2 (mean ranR 41.850) vs. A2 (mean
K-W tests. The test results showed that there were statlitic rank D 33.110), A3V3 (mean ranR 41.200) vs. A3 (mean rank
signi cant di erences among the conditions caused by di eten D 33.920), and A5V5 (mean rarik42.740) vs. A5 (mean rarik
synchronization, modalities, and clips on evaluation\atjand ~ 30.630).
potency indices (alp  0.001, excepp < 0.05 for clip 3 (for The results of the comparison between auditory-channel
potency), clip 4 (for evaluation and potency), and clip 5 foronly and altered (cross-binding) synchronization crosseal
evaluation and activity), except clip 3 for evaluatig{ 0.389) stimuli revealed eight (out of 12) cases of statisticallpisignt
and clip 5 for potencyg D 0.069), as shown ifable 9 dierences on the evaluation, activity, and potency indices
To further investigate the signi cant di erences shown in (Table 1J). In all clip groups, the cross-modal stimuli showed
Table 9 we conducted several other K-W tests among di erenta lower mean rank than audio-only in the same group on the
modalities in the same clip groups (for example, Al vs. Vlevaluation index. A more detailed investigation of the esof
Al vs. A1V1, Al vs. AlV4, A1V1 vs. Al1V4, and so on)heindividual clips onthree indices was conducted via a o@g-
However, in order to focus on investigating the added-valuANOVA, and the result thereof will be provided separately
e ects that result in a ective enhancement, we only report the(Table S3.
results of the comparison between a high-responsive unimodal Similarly to Figure 3, the scatter plot representation of
(audio only) vs. original visual musidéble 10, and unimodal the original ve visual music clips in 2D quadrants (valence
(audio only) vs. altered visual musitgble 11). The comparison and arousal dimensions) per modality (visual only, audio
between auditory-channel only and the original synchratian  only, and visual music) is shown ifrigure 6 as a simple
cross-modal stimuli results indicated a statisticallynsgant  representation of the overall emotion information derivedrh
di erence in potency scores between A2 and szg) D 6.173, the clips. Emotional meaning aspects of each stimuli using the

TABLE 8 | Means and STDs of three indices describing the emotio nal meanings of each clip stimulus in statistics: the highest absolute value in valence
(evaluation) is indicated in bold type.

Modality Indices Clip1 Clip 2 Clip 3 Clip 4 Clip5

Audio only Evaluation 0.59 0.25 (A1) 0.33 0.21 (A2) 0.16 0.23 (A3) 0.30 0.24 (A4) 0.35 0.26 (A5)
Activity 0.29 0.15 (A1) 0.18 0.22 (A2) 0.50 0.20 (A3) 0.45 0.22 (A4) 0.29 0.15 (A5)
Potency 0.52 0.24 (A1) 0.22 0.27 (A2) 0.04 0.29 (A3) 0.49 0.21 (A4) 0.23 0.28 (A5)

Visual only Evaluation 0.40 0.35(V1) 0.10 0.37(V2) 0.26 0.31 (V3) 0.21  0.29 (V4) 0.20 0.40 (V5)
Activity 0.05 0.30 (V1) 0.17 0.35(V2) 0.21 0.21(V3) 0.24 0.30(Vv4) 0.09 0.35(V5)
Potency 0.35 0.34 (V1) 0.00 0.33(V2) 0.31 0.37(V3) 0.28 0.27 (V4) 0.39 0.37 (V5)

Original visual music ~ Evaluation ~ 0.66 0.20 (A1V1) 0.43 0.27 (A2V2) 0.23 0.31 (A3V3) 0.42 0.28 (A4V4) 0.20 0.33 (A5V5)
Activity 0.26 0.15 (A1V1) 0.17 0.25 (A2V2) 0.24 0.22 (A3V3) 0.03 0.27 (A4V4) 0.25 0.16 (A5V5)
Potency 0.51 0.25(A1V1) 0.37 0.25 (A2V2) 0.11 0.37 (A3V3) 0.48 0.31 (A4V4) 0.27 0.34 (A5V5)

Altered visual music Evaluation 0.41 0.37 (A1V4) 0.06 0.32 (A2V5) 0.21 0.29 (A3V3) 0.36 0.32 (A4V2) 0.41 0.27 (A5V1)
Activity 0.25 0.20 (A1Vv4) 0.01 0.28 (A2V5) 0.25 0.28 (A3V3) 0.11  0.23 (A4V2) 0.11 0.35(A5V1)
Potency 0.28 0.38 (A1V4) 0.07 0.28 (A2V5) 0.18 0.34 (A3V3) 0.37 0.25 (A4V2) 0.37 0.25 (A5V1)

Data are described as mean SD.
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TABLE 9 | Results of the Kruskal-Wallis Test comparing the effe ct of clips with similar emotional meanings across modalities an d synchronizations of the
three perceived emotion assessment indices (evaluation, act ivity, and potency).

Emotion Assessment N Mean Std. Deviation Min Max Percentiles

Indices 25th 50th (Median) 75th

DESCRIPTIVE STATISTICS (NPar TEST)

Clip 1 Group Evaluation 155 0.515 0.321 0.560 1.000 0.375 0.563 0.750
Activity 155 0.209 0.233 0.560 0.630 0.125 0.250 0.375
Potency 155 0.404 0.328 0.880 0.940 0.250 0.438 0.625
Total 155 18.610 20.115 1.000 61.000 11.000 14.000 14.000
Clip 2 Group Evaluation 155 0.224 0.335 0.560 1.000 0.000 0.250 0.438
Activity 155 0.050 0.303 0.750 0.750 0.125 0.063 0.250
Potency 155 0.172 0.312 0.630 0.940 0.063 0.188 0.438
Total 155 25.740 18.849 2.000 62.000 22.000 25.000 25.000
Clip 3 Group Evaluation 155 0.214 0.286 0.500 1.000 0.000 0.250 0.438
Activity 155 0.293 0.259 0.630 1.000 0.125 0.250 0.500
Potency 155 0.153 0.351 0.940 0.940 0.063 0.188 0.375
Total 155 32.180 18.717 3.000 63.000 33.000 34.000 34.000
Clip 4 Group Evaluation 155 0.340 0.294 1.000 0.630 0.563 0.375 0.125
Activity 155 0.108 0.329 0.750 0.880 0.125 0.125 0.375
Potency 154 0.416 0.295 0.940 0.810 0.625 0.438 0.250
Total 155 38.280 19.531 4.000 64.000 42.000 42.000 44.000
Clip 5 Group Evaluation 154 0.305 0.322 1.000 0.560 0.516 0.313 0.063
Activity 155 0.185 0.282 0.690 1.000 0.000 0.188 0.375
Potency 154 0.316 0.307 1.000 0.560 0.500 0.344 0.125
Total 155 44.730 21.274 5.000 65.000 51.000 51.000 55.000
Emotion Assessment Indices Clip ID N Mean Rank Chi-Square df Asymp. Sig. Effect Size ( 1 2)

RANKS (KRUSKAL-WALLIS TEST)

Clip 1 Group Evaluation** Al 33 87.110 18.206 3 0.000 0.118
AlV1 42 98.200
Alv4 53 64.390
V1 27 62.170
Total 155
Activity** Al 33 90.180 27.684 3 0.000 0.180
AlV1 42 85.060
AlV4 53 85.640
V1 27 37.130
Total 155
Potency** Al 33 92.890 16.127 3 0.001 0.105
AlV1 42 92.520
AlV4 53 61.710
V1 27 69.190
Total 155
Clip 2 Group Evaluation** A2 33 92.300 36.510 3 0.000 0.237
A2V2 42 105.670
A2V5 53 55.020
(Continued)
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TABLE 9 | Continued

Emotion Assessment Indices Clip ID N Mean Rank Chi-Square df Asymp. Sig. Effect Size ( ! 2)
V2 27 62.590
Total 155
Activity** A2 33 97.790 26.277 3 0.000 0.171
A2V2 42 93.810
A2V5 53 68.490
V2 27 47.890
Total 155
Potency** A2 33 83.800 31.111 3 0.000 0.202
A2V2 42 107.130
A2V5 53 62.240
V2 27 56.540
Total 155
Clip 3 Group Evaluation A3 33 66.970 3.019 3 0.389 0.020
A3V3 42 80.830
A3V3c 53 78.600
V3 27 85.890
Total 155
Activity** A3 33 116.110 31.326 3 0.000 0.203
A3V3 42 67.930
A3V3c 53 70.920
V3 27 60.980
Total 155
Potency* A3 33 61.650 10.298 3 0.016 0.067
A3V3 42 73.940
A3V3c 53 81.310
V3 27 97.800
Total 155
Clip 4 Group Evaluation* A4 33 85.830 10.020 3 0.018 0.065
A4V2 53 72.420
A4V4 42 66.180
V4 27 97.760
Total 155
Activity** A4 33 124.860 66.513 3 0.000 0.432
A4vV2 53 48.070
A4V4 42 67.400
\%Z: 27 95.960
Total 155
Potency** A4 32 68.090 12.611 3 0.006 0.082
A4V2 53 82.140
A4v4 42 64.350
V4 27 100.000
Total 154
Clip 5 Group Evaluation* A5 32 71.410 13.786 3 0.003 0.090
(Continued)
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TABLE 9 | Continued

Emotion Assessment Indices Clip ID N Mean Rank Chi-Square df Asymp. Sig. Effect Size ( 1 2)

A5V1 53 62.760
A5V5 42 94.370
V5 27 87.410
Total 154

Activity* A5 33 97.380 14.845 3 0.002 0.096
A5V1 53 67.800
A5V5 42 86.980
V5 27 60.370
Total 155

Potency A5 33 90.940 7.101 3 0.069 0.046
A5V1 53 70.310
A5V5 42 83.520
V5 26 65.370
Total 154

The rank-based non-parametric analysis was used to examine the r&rorder of four clips in a group (audio only, video only, original visual migsvs. altered visual music), and to
determine whether there were statistically signi cant differencebetween two (or more) modalities. A higher value in mean rank indicates thtne upper rank (for example, for the clip
group 1, A1V1 (Mean rankD 98.200) is higher in rank than are the other three clips A1(Mean rarix 87.110), V1 (Mean rankD 10.06) or A1V4 (Mean rankD 64.390) on the evaluation
index. * Indicates a signi cant difference p< 0.05, **indicates p< 0.001, and bold type indicates the highest rank in valence (evaluation).

evaluation, activity and potency indices, and following theee  Discussion
media combination conditions (congruence, complementationEnhancement Effect Hypothesis Veri cation

contest), are illustrated as bar graphg-igure 7. We used three major indices (evaluation, activity, and poy@ito
thoroughly quantify the aesthetic/emotional meaningstustaact
Compactness Check synthetic visual music clips in this study. To identify any pfo

We used the silhouette index to quantify the quality ofof the enhancement e ect, we looked for heightened mean or
clustering for each mode of presentation within the 2D planemedian scores for auditory-visual compared to other comparabl
(Figure 6). For each clip, the silhouette value was obtainedinimodal scores for subjects' responses on the evaluatidexin
from each subject's response by using the evaluation argkcause it is valence factor, which indicates the “likéness
activity indices Table 9, and returned a value representing characteristic of emotion. We also considered compactness via
the compactness (cohesion in emotional rating) and separatioclustering analysis and an average distance assessmerpeotins
(di erentiation from other clip responses) of the subjects'the enhancement e ect in relation to congruency in valencd an
responses for dierent modality or di erent spatio-temporal arousalinformation by inspecting media combination comnufits
combinations (such as separating original auditory-visua(congruence, complementation, and contest).
synchronizations into altered combinations) for each gtier In our study, three clips were categorized in the
modality. congruence condition (A3V3, A4V4, and A5V5), four clips
The clustering analysis shown fable 12indicates that the in complementation, and two clips in the contest condition
audio only category (siD 0.085) and original visual music (see Table § Figure7, and Figure S). These three clips
category (siD 0.045) were better clustered overall compared texhibited no indication of higher emotional perceptive
the visual only category (sib 0.076) and the altered visual responses in both mean and median comparisons in the
music category (siD 0.066). In particular, clip 1 showed the valence level Tables8§ 10). However, with regard to the
best clustering score of all the clips for the audio-only aistial  median rank, A3V3 and A5V5 showed higher mean ranks than
music categories, indicating that its emotional connaiativas did the other modalities Table 1Q bold type). With regard
best recognized by the subjects. to clustering, only A4V4 had a higher score compared to
We then checked the compactness of each clip based on théher modalities Table 129, and none of them showed good
average distances between the mean rating of each clipdatnt compactness Table 13. None of these three clips ranked
and the subject rating using Euclidean distance and thecesli higher than did the other modalities for more than two of
evaluation, activity, and potency as dimensions; this esiom  the four dierent assumptions (mean comparison, median
was performed for each clip and for each modality. The A1VXank comparison, clustering score, and compactness score)
and A2V2 visual music integrations were revealed to be thetmoto check an enhancement e ect. Therefore, our result seems
compact scores (clustering and average distribution) imter  to contradict our original hypothesis that the enhancement
modal categories. e ect would be reliant on the congruent media combination
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TABLE 10 | Results of a Kruskal-Wallis Test comparing the effec
(original synchronization) on the three perceived emotion a

t of the emotional meaning of clips between the auditory modalit
ssessment indices (evaluation, activity, and potency).

y and the cross-modality

Emotion Assessment Indices N Mean Std. Deviation Min Max Percentiles
25th 50th (Median) 75th
DESCRIPTIVE STATISTICS (NPar TEST)
Clip 1 Group Evaluation 75 0.632 0.226 0.060 1.000 0.500 0.688 0.813
Activity 75 0.275 0.148 0.060 0.630 0.188 0.250 0.375
Potency 75 0.513 0.242 0.250 0.880 0.375 0.500 0.688
Total 75 6.600 4.997 1.000 11.000 1.000 11.000 11.000
Clip 2 Group Evaluation 75 0.388 0.250 0.130 1.000 0.188 0.375 0.563
Activity 75 0.173 0.235 0.500 0.750 0.063 0.188 0.313
Potency 75 0.307 0.268 0.250 0.940 0.125 0.313 0.500
Total 75 13.200 9.995 2.000 22.000 2.000 22.000 22.000
Clip 3 Group Evaluation 75 0.197 0.275 0.440 0.940 0.000 0.188 0.375
Activity 75 0.352 0.245 0.310 0.810 0.188 0.375 0.500
Potency 75 0.079 0.340 0.940 0.940 0.125 0.063 0.313
Total 75 19.800 14.992 3.000 33.000 3.000 33.000 33.000
Clip 4 Group Evaluation 75 0.369 0.268 1.000 0.190 0.500 0.438 0.188
Activity 75 0.212 0.324 0.630 0.810 0.000 0.250 0.500
Potency 74 0.487 0.268 0.940 0.440 0.688 0.500 0.375
Total 75 26.400 19.989 4.000 44.000 4.000 44.000 44.000
Clip 5 Group Evaluation 74 0.267 0.308 1.000 0.500 0.500 0.219 0.063
Activity 75 0.271 0.156 0.130 0.560 0.188 0.250 0.375
Potency 75 0.254 0.313 1.000 0.500 0.500 0.250 0.063
Total 75 33.000 24.986 5.000 55.000 5.000 55.000 55.000
Emotion Assessment Indices Clip ID N Mean Rank Chi-Square df Asymp. Sig . Effect Size (! 2)
RANKS (KRUSKAL-WALLIS TEST)
Clip 1 Group Evaluation Al 33 34.920 1.183 1 0.277 0.016
A1Vl 42 40.420
Total 75
Activity Al 33 39.650 0.344 1 0.558 0.005
A1Vl 42 36.700
Total 75
Potency Al 33 38.060 0.000 1 0.983 0.000
A1Vl 42 37.950
Total 75
Clip 2 Group Evaluation A2 33 33.110 2.994 1 0.084 0.040
A2V2 42 41.850
Total 75
Activity A2 33 39.200 0.180 1 0.672 0.002
A2v2 42 37.060
Total 75
Potency* A2 33 30.970 6.173 1 0.013 0.083
A2v2 42 43.520
Total 75
Clip 3 Group Evaluation A3 33 33.920 2.074 1 0.150 0.028
A3V3 42 41.200
(Continued)
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TABLE 10 | Continued

Emotion Assessment Indices Clip ID N Mean Rank Chi-Square df Asymp. Sig . Effect Size (! 2)
Total 75

Activity** A3 33 51.850 23.984 1 0.000 0.324
A3V3 42 27.120
Total 75

Potency A3 33 34.800 1.274 1 0.259 0.017
A3V3 42 40.510
Total 75

Clip 4 Group Evaluation* A4 33 43.670 4.027 1 0.045 0.054

A4Vv4a 42 33.550
Total 75

Activity** A4 33 54.440 33.707 1 0.000 0.456
A4Vv4a 42 25.080
Total 75

Potency Ad 32 38.660 0.164 1 0.685 0.002
A4Vv4a 42 36.620
Total 74

Clip 5 Group Evaluation* A5 32 30.630 5.791 1 0.016 0.079

A5V5 42 42.740
Total 74

Activity A5 33 42.110 2.129 1 0.145 0.029
AS5V5 42 34.770
Total 75

Potency A5 33 39.500 0.281 1 0.596 0.004
A5V5 42 36.820
Total 75

The rank-based non-parametric analysis was used to examine the r&rorder of the three modalities (audio only, video only, vs. visual musj@nd to determine whether there were
statistically signi cant differences between two (or more) modalitee A higher value in mean rank indicates the upper rank (for example, time clip group 1, A1V1 (Mean rankD 40.420)

is higher in rank than is A1 (Mean rank 34.920) on the evaluation index* Indicates signi cant difference p< 0.05, **indicates p< 0.001, and bold type indicates the highest rank in
valence (evaluation).

condition in valence and arousal throughout our experimentunimodal clips {Tables8 9, 12, 13); “A2V2” showed a
results. positively augmented mean value for evaluation, the highest
However, in this study, we found a great likelihood of valenc media rank in the evaluation, and the smallest average
and texture/control (evaluation and potency) information distance (highest compactness) compared to unimodal stimuli
assessments of the visual music linked to the polarity ofA1V1” and “A2V2" both belong to the complementation
the auditory channel information in the contest conditions combination condition with congruency in valence (posifive
(Figure 7). Although the means and median ranks of evaluationand incongruency in arousal [activeC] in audio and
activity, and potency of visual music uctuated between thepassive () in visual]. “A4V4," in the conformance condition,
corresponding indices' values of the two unimodal channelshowed more negative values in evaluation, and the highest
in most casesTables 8, 9 and Figure 7), we observed a few clustering density Tables 8, 9. “A5V1," in a contest condition,
possible heightened emotional perception cases (for exampkEhowed more increased negative values in the evaluation
positive-augmentation or negative-diminishment on emotidd and potency indices, but its clustering density and general
aspect factors). “A1V1” showed a positively augmented meamean-distance results indicated that perceived emotionse we
value in the evaluation (valence), the highest median rank iwidespread compared to corresponding dual unimodal sources.
the evaluation (valence), and the strongest compactnegs (boFor all of the other integrations, the visual music emotional
clustering and average distance) compared to its comparabferception evaluation rate showed various degrees in levels
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TABLE 11 | Results of the Kruskal-Wallis Test comparing the ef  fect of the emotional meaning of clips between auditory modality and cross-modality
(altered synchronization) on the three perceived emotion as sessment indices (evaluation, activity, and potency).

Emotion Assessment Indices N Mean Std. Deviation Min Max Percentiles

25th 50th (Median) 75th

DESCRIPTIVE STATISTICS (NPar TEST)

Clip 1 Group Evaluation 86 0.480 0.336 0.560 1.000 0.375 0.563 0.688
Activity 86 0.264 0.182 0.500 0.630 0.188 0.281 0.375

Potency 86 0.371 0.352 0.880 0.940 0.188 0.438 0.625

Total 86 9.010 6.359 1.000 14.000 1.000 14.000 14.000

Clip 2 Group Evaluation 86 0.160 0.310 0.560 0.880 0.016 0.188 0.375
Activity 86 0.064 0.275 0.750 0.500 0.125 0.125 0.313

Potency 86 0.127 0.286 0.560 0.940 0.063 0.125 0.313

Total 86 16.170 11.250 2.000 25.000 2.000 25.000 25.000

Clip 4 Group Evaluation 86 0.339 0.289 0.940 0.630 0.563 0.375 0.125
Activity 86 0.108 0.352 0.750 0.810 0.188 0.031 0.438

Potency 85 0.423 0.288 0.940 0.810 0.563 0.438 0.313

Total 86 27.420 18.587 4.000 42.000 4.000 42.000 42.000

Clip 5 Group Evaluation 85 0.389 0.262 0.880 0.250 0.594 0.438 0.188
Activity 86 0.182 0.300 0.690 0.810 0.063 0.250 0.438

Potency 86 0.315 0.266 1.000 0.440 0.500 0.313 0.188

Total 86 33.350 22.501 5.000 51.000 5.000 51.000 51.000

Emotion Assessment Indices Clip ID N Mean Rank Chi-Square df Asymp. Sig . Effect Size (! 2)

RANKS (KRUSKAL-WALLIS TEST)

Clip 1 Group Evaluation* Al 33 51.300 5.267 1 0.022 0.062
Alv4a 53 38.640
Total 86
Activity Al 33 44.620 0.110 1 0.740 0.001
Alv4 53 42.800
Total 86
Potency** Al 33 54.210 9.897 1 0.002 0.116
AlvV4 53 36.830
Total 86
Clip 2 Group Evaluation** A2 33 57.450 16.803 1 0.000 0.198
A2V5 53 34.810
Total 86
Activity** A2 33 54.240 9.982 1 0.002 0.117
A2V5 53 36.810
Total 86
Potency* A2 33 51.470 5.502 1 0.019 0.065
A2V5 53 38.540
Total 86
Clip 4 Group Evaluation A4 33 48.200 1.905 1 0.168 0.022
A4V2 53 40.580
Total 86
Activity** A4 33 67.650 50.346 1 0.000 0.592
A4V2 53 28.460
(Continued)
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TABLE 11 | Continued

Emotion Assessment Indices Clip ID N Mean Rank Chi-Square df Asymp. Sig . Effect Size (! 2)
Total 86

Potency A4 32 38.330 1.858 1 0.173 0.022
AdV2 53 45.820
Total 85

Clip 5 Group Evaluation A5 32 46.410 0.984 1 0.321 0.012

A5V1 53 40.940
Total 85

Activity* A5 33 52.480 6.994 1 0.008 0.082
A5V1 53 37.910
Total 86

Potency* A5 33 51.360 5.357 1 0.021 0.063
A5V1 53 38.600
Total 86

The rank-based non-parametric analysis was used to examine the r&rorder of the three modalities (audio only, video only, vs. visual musj@nd to determine whether there were
statistically signi cant differences between two (or more) modalite A higher value in mean rank indicates the upper rank; (for example, the clip group 1, A1 (Mean rankD 51.300)

is higher in rank than is A1V4 (Mean rank 38.640) on the evaluation index* Indicates signi cant difference p< 0.05, **indicates p< 0.001, and bold type indicates the highest rank
per category.

of integration formations Figure 7). Overall, these results responses as a result of the altered, cross-matched stimuli
indicate that synchronizing audio and video informationtimle = compared to the original integrations. This indicates thenpiay
complementation combination condition could show instaace of semantic and structural congruency (sharing temporakatc

of heightened perceptive emotion (enhancement e ect) opatterns) between auditory and visual information in forrgin

multimodal perception in our study. the focus of attention in cross-modal perception as cognitive
psychologists implied good gestalt principles (Segen, 2001
Cross-Modal Interplays p. 260). In our nding, the spatiotemporal information in

In our investigations, we observed a few notable resultst,ie  the arbitrary cross-matching could not assemble into good
observed amuditory dominant polarizatiotendency, consistent synchronous groupings in structural and semantic features
with a few previous studies demonstrating auditory dominanc with temporal cues and movements (e.g., tempo, directions,
over abstract vision in the temporal and perceptual processindynamic); hence, it impeded creating better interplay focus
of multimodalities (Marshall and Cohen, 1988; Repp and Penelof attention compared to the original stimuli. In particular,
2002; Somsaman, 2004Since visual music is an abstractthe arbitrary integration by cross-matching audio and \dde
animation representing the purity of music by nature, it may bechannel information from di erent sources created semaratii
imperative for visual music to have audio channel informatio structural asynchronous distraction in multisensory percepéi
conveying stronger a ective meanings (evaluation, agtjiind  grouping thus resulting in “worse” aesthetic emotion (e.g.,
potency values) via visual channel information. Nonethgles A5V1).
the dierences in emotional information on arousal (actiyit Finally, we found two cases of the positive enhancement
index) between the auditory and visual modalities left thee ect in aesthetic perception resulting from the functions of
auditory channel emotion information with a higher arousal information integration (auditory and visual) in this exgerent,
value, hence dominating the visual channel and transfgrrinnamely A1V1 and A2V2. They had contrary polarity for activity
a ective meaning toward the overall emotional perception ofvalues [audio only activityQ) vs. visual only activity ()], but
cross-modal perception (the absolute mean value of activity f evaluation (and potency) exhibited congruency in their pityar
the auditory channel always showed a greater level thanteid t [all positive C)]. This suggests that positive congruency in
visual channel inall nine visual music presentations, and thevalence (and texture/control) information with uncompéti
mean rank of audio only was always higher than was visual, onlgiscrepancy in arousal levels between the visual and audio
as seeniables §9). channels might trigger the enhancement e ect in aesthetic
Second, from the compactness response and silhouetégnotion appraisals (seeigure 8). This nding possibly relates
analysis, we found that the overall perceptual grouping ofo the art rewarding hypothesis which a state of uncertainty
“gestalt” (whole beauty) or “schema’ (conceptual frameworkrecovers into predictable patterns resulting to rewardingct e
for expectations) in auditory-visual domains showed dispersof increased expectednes&i(l de Cruys and Wagemans, 2011
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an enhancement e ect in cross-modal evaluation processes of
emotional visual music experience. During the two experirent
we could see that visual music can embody various structural
variables that may cause important interactions between
perceptual and cognitive aspects of the dual channels. The
directive design guidelines we used to create target emaltion
stimuli in Experiment 1 Tables1, 2 indicate numerous
parameters that can be used when creating visual music. The
use of three extracted indices (evaluation, activity, anipoy)
to appraise ambiguous emotional meanings was e ective to
assess both the artwork and the subjects' responses in the
study. It was also encouraging that we found a positive
correlation between the evaluation index and the laterahtal
upperAlpha power di erences in this study. Despite the small
number of subjects in the study, the promising results from
the frontal alpha asymmetry and its correlation with valence
might encourage the inclusion of a wider range of physioldgica
measurements to study the complex interactions between the
external sensorial/perceptional context and the interngirgtive
modulation/coding mechanism of aesthetic experience (see
Figure 9 for an illustration of the partial potential interactions
of sensorial context and cognitive coding, afigure S5for the
temporal dynamics of spectral and spatial activation in EEG).
Our ndings demonstrated the role of and interplays between
the valence and arousal information in emotional evaluatid
the auditory-visual aesthetic experience. The common e ects
of congruent positive valence between auditory and visual
domains refer to good quality in gestalt/schema formation.
Stronger arousal level of auditory channel information

FIGURE 6 | Comparisons of immanent emotions in the three clip not Only OUtwelghed the visual channel information in

stimuli using the evaluation and activity indices (circumple  x method) making a ective (valence and texture) judgments of visual
for the modalities. (A) audio-only, (B) visual-only, and(C) visual music music, but also ensued uncompetitive focus/attention to
(cross-modal stimul), represented by blue square (happglip 1), red disk result increased states of positively predictable patterns.
(relaxed, clip 2) green triangle (vigorous, clip 3), pinkast(clip 4, no target Hence, arousal levels and conditions hold a key role in
emotion), and black six-pointed star (clip 5, no target emaon). The symbols i . . . .

show the subjects' evaluations and activity index values foeach clip. mOdU|at|ng the excitement of aective emotion perception

in visual music experience. Consequently, taking both
dimensions of emotion (valence and arousal) into account
The congruency in valence and texture/control aspects in oUuk necessary to determine whether abstract auditory-visual
A1Vl and A2V2 might, for example, implicitly stabilize the stimuli carry strong, distinctive emotional meanings in
conjoint gestalt or schema that people use to form expectationsarticular.

or predictions whereas the substantial di erences in the aeju As suggested by scholars in the eld of aesthetic judgment
aspect between the two modalities might implicitly emphasiz@nd perception, emotion studies using works of art require
elements that alter the continuous coding of predictive esiand  particular insightful appraisal tools that should dier from
recovering to predictable patterns. In other words, we assum@epictive or prepositional expressions, such as pictures or
that violations of prediction (predictive error) resultedom  |anguages Takahashi, 1995 Hence, to infer emotional
dierences in any part where the two channels informationmeanings from and to inspect the aesthetic perceptions
return to a state of rewarding due to the formation of stablegf visual music as aective visual music, a careful choice

gestalt/schema. Other three original visual music stirdidinot  of assessment factors for aesthetic perceptions of abstract
indicate a strong enhancement e ect in mean valence levels jisual music stimuli is crucial. More e orts to design re ned
median ranks although some showed improved compactness ghd uncomplicated assessment apparatus for visual music
silhouette index compared to its comparable unimodal stimuliperception would be challenging, yet worthy. The limitatioh o

(e.g., A4V4). our mono-cultural background (college students in South
Korea) makes it unable to generalize our ndings as a
GENERAL DISCUSSION truly representative universal aesthetic perception rule.

Therefore, considering the ndings in conjunction with all
Our study inspected the two unimodal channel interplays apossible media integration conditionsFigure S will help
a functional-information-integration apparatus by exanmgi to identify universal principles in visual music aesthetic

Frontiers in Psychology | www.frontiersin.org 25 April 2017 | Volume 8 | Article 440



Lee et al. Evaluation of Emotional Visual Music

FIGURE 7 | Bar graph summary of the immanent emotion for the nine visu al music stimuli using evaluation, activity, and potency for th e combination

conditions of (A) conformance , (B) complementation and(C) contest. Data are shown as mean s.e.m. The mean increase of evaluation index was observed fo
clips A1V1 and A2V2 compared to their respective unimodal sponses.

TABLE 12 | Silhouette clustering index values using 2D factor s (evaluation and activity) rating indices for the data prese nted in Figure 6.

Clip1 Clip 2 Clip 3 Clip4 Clip5 Mean
Audio Only 0.274048 0.044834 0.177347 0.101890 0.123215 0.085577
Visual Only 0.103724 0.172770 0.209722 0.013282 0.301105 0.076232
Original Visual Music 0.538540 (A1V1) 0.134250 (A2V2) 0.181865 (A3V3) 0.053864 (A4Vv4) 0.047418 (A5V5) 0.045774
Altered Visual Music (A1V4) 0.047593 (A2V5)0.192984 (A3V3)* 0.121569 (A4V2) 0.048313 (A5V1) 0.111249 0.065979

Silhouette values are given for individual clips and overall chesing quality. Silhouette values range within [1, 1], with 1 indicating the best clustering and 1 the worst clustering. Bold
values indicate the best clustering values relative to each clip (rewise comparison).*, control clip.
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TABLE 13 | Compactness of response.

Clip 1 Clip 2 Clip 3 Clip 4 Clip5 All Clips
Audio only 0.34628204 0.394233616 0.40508022 0.391176521 0.390453802 0.38544524
Visual only 0.499628207 0.555422101 0.437046321 0.46408266 0.576930643 0.506622908

Original visual music ~ 0.295774755 (A1V1) 0.393163965 (A2V2) 0.468533303 (A3V3)* 0.479346853 (A4V4) 0.466745@(A5V5) 0.420712794
Altered visual music 0.454134911 A1V4 0.44759437 (A2V5) @60930243 (A3V3)* 0.419427517 (A4V2) 0.448666851 (A5V1) 04759437

Average distances to centroid using the evaluation, activity, and potey indices. The centroid for each clip was estimated rst, and the averge distance of each subject's response for
the same clip was then estimated. Closer to zero indicates more compactnes Bold values indicate the closest compactness to relative centroid of edcclip. *, control clip.

FIGURE 8 | Hypothesized conditional enhancement effects as ad ded values in visual music. The congruency in valence and texture/control aspects might
stabilize the conjoint gestalt or schema to form good preditbility (P) whereas the substantial differences in the ausal aspect between the dual modalities might
emphasize focus/attention (C) that alter the continuous cadg of predictive errors and recovering to predictable paérns for rewarding (E).

perception. In addition, further investigations of how the considering temporal factors of visual music may also expand
interaction of three aspects of emotional meaning (valencehe understanding of the perceptual process in aesthetic
arousal, and texture/control) a ect aesthetic emotion whil experiences.
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FIGURE 9 | A hypothesized functional-information-integratio n process within our model of continuous auditory-visual modu lation integration
perception. Visual Music aesthetic experience requires multi-sensoiyerceptual, cognitive judgment, and processing that invele a number of continuous processing
stages such as affective analysis (in valence, activity, drpotency), perceptual and cognitive modulation analysisand predictive deviation analysis.

CONCLUSION Our empirical study of audio-visual aesthetic perception has
a cross-disciplinary approach including music, visual aspects
There has been a signicant development in theories andesthetics, neuroscience, and psychology and takes more of a
experiments that explain the process of aesthetic perception amglistic than an elementary approach; this is unconventidnal
experience during the past decade (for a review,lseter and  several ways when compared to classical, disciplined paradigms.
Nadal, 2014nonetheless, research studies on emotion elicitatiomitially, strong demands from commercial industries for
have long relied on inexible, static, or non-intentiongll practical psychotherapeutic contents cued our research team t
designed uni/cross-modal stimuli. Due to the lack of sunie  bring artistic issues into the science laboratory. It insgius to
research evidence, aesthetic researchers have beer dallin create artwork with veri ed, literature-based correlat®with
more sophisticated investigations of the interplay of percaptu positive emotions, and to nd ways to validate the ambiguous
and cognitive challenges with using novel, complex, andature of visual music via the observable assessment afodiit
multidimensional stimuli (eder et al., 2004; Redies, 20Tthe measurements to translate it into psychological and cogaiti
need for new empirical approaches in aesthetic science reqjuirscience investigations. The aesthetic experience is knawn t
an extensive amount of principled research e ort to studyhave three components (artist, artwork, and beholder), and
the numerous components of emotion and competencies viaur study involved all three aspects; however, psychological
several measurements, &sherer and Zentner (200é&xplained. aesthetic studies have historically been related to how\arkes
The investigations of the process whereby art evokes emoti@n emotional response from viewers instead of exploring the
using a novel attempt in cross-modal aesthetic studies hendactors that motivate individuals to produce art (seéeimamura,
necessitate extensive research e orts with certain measeme 2012 p. 24). When we demonstrated a basis for the directive
competencies as important aspects. production of emotional visual music to our artists, they
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understandably complied with the intention of the emotionalin a survey for a study investigating aesthetic perception for
stimuli production (creating target-emotion eliciting wial a scientic research in both written and verbal forms. All
music), and took the directive settings of the structui@iffial  participants signed a written informed consent form prior to
components of visual stimuli and music (séables 2 3) into  engaging in the experiment.

account in their artistic activity (which involves well~ggoped

and highly complex cognitive processes). Hence, we can ClaimUTHOR CONTRIBUTIONS

that our emotional visual music stimuli constitute at ledstee

predominant approaches in experimental aesthetic theories-rhe conception or design of the work: IL, CL, and JJ. The
expressionist, contextual, and formalist. Several theohave acquisition, analysis, or interpretation of data for the work
suggested models that explain human aesthetic perceptigfhqg CL. Drafting the work: IL. Revising it critically for impant
and judgment processed gder et al., 2004; Chatterjee andjpte|lectual content: IL and CL. Final approval of the version
Vartanian, 2014; Leder and Nadal, 2014; Redies, )2@alling o pe published: IL, CL, and JJ. Supervising the work overall:
for more diverse empirical investigations that adopt various;)j Agreement to be accountable for all aspects of the work in
kinds of approaches. However, using real artwork in empiricaénsuring that questions related to the accuracy or intggritany

research has generated disappointing results, althoughahis part of the work are appropriately investigated and resolved: IL
interesting topic for artists and psychologists, and thereais ¢ and JJ.

need to extend previous approaches in emotional aesthetics
to understand hedonic properties, cognitive operations, an?:UNDlNG
greater compositional potential (for a review, desder et al.,

2009 However, through our _study, we bellevg that we ha.lval'he research and creation of the abstract visual music (pe$it
determined that the composition of abstract visual clips with o
contents used in this study were nanced by the company Amore

directive design COUl.d covera range of emoti'ons., which aan bPaci ¢ Corporation, 181 Hanggangro-2-ga, Yongsan-gu, eou
assessed by evaluation, activity, and potency indices, asithia South Korea. The ,nancial support incIude(’j the researcr; sta

potential to be used as stimuli for more complex continuous : o . e
response measures. Hence, we posit that properly controllef munera_non, artlsts_remgneranon, othertechnlcallﬁae§ for_
well-designed visual music stimuli may be useful for future € crgatlon OT multimedia cqntents and electrophysiologica
psychological and cognitive research studying the contisuo recordings subjects remuneration.
reciprocal links between aective experience and cognitive
processing, and speci cally to understand how collectivéerabs  ACKNOWLEDGMENTS
expressions stimulate a holistic experience for audienages. |
particular, because visual music has temporal narrativesyiid 1 he authors would like to thank Jangsub Lee and Hyosub Lee
be useful for future research to inspect the temporal dynamics (Visual animation artists for “V1,"*v2;" and “V3"), aRing (aio
brain activity, skin conductance responses, changes inreggp ~ artist for “A1" “A2" and “A3"), Jinwon Lee (a.k.a. Gajagbal
or skin temperature as objective (autonomic) measures ofisual music artist for “A4V4" and “A5V5"), and Jiyun Shin,
emotional experiences in holistic information processingra ~ Soyun Song, and Seongmin for assisting with the researching
subjects state in relation to auditory and visual perceptionthe production guidelines for visual music content. We would
property controls. If possible, constructing a database afalis /S0 like to thank Jaewon Lee, Dongil Chung, and Mookyung
music with emotional meanings that provides a standardizedi@n for assisting with the EEG data recording and analysis.
set of abstractive auditory visual stimuli with accessibletols ~ The abstract visual music contents (A1V1, A2V2, and A3V3)
of various contextual parameters might be bene cial for fietu Were used for a marketing campaign comprising a series of on-
aesthetic emotion and aesthetic appreciation studies. Taefis line (Internet) advertisements for a cosmetic skin producnfr
validated holistic stimuli and structural property contraisay ~Amore Paci ¢ Corporation; however, our research on the newly
allow for investigations of integration synthesizing ftioas created abstract visual music was not on the orders of Amore
with semantic and syntax processing in auditory-visual et Pacic. The campaign using our three positive visual music
evaluation mechanisms. productions was an outstanding marketing success in South
To the best of our knowledge, our study is the rst to proposeKOfeav with over 250,000 people viewing the advertisements and
a paradigm for the composition of abstract visual music with®ver 20,000 people downloading the contefitkyung Choi and
emotional validation at the unimodal, cross-modal, psycgatal ~ Y00n, 2008
and neurophysiological levels. Based on the ndings of thidy,

we suggest that controlled, a ective visual music can be &uuse SUPPLEMENTARY MATERIAL

tool for investigating cognitive processing in a ective dmetic

appraisals. The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10389/fpsyg.
ETHICS STATEMENT 2017.00440/full#supplementary-material

Figure S1 | Possible situations in three (conformance, compleme ntation,
The study was approved by the Institutional Review Boarend contest) conditions of cross-modal combination.
of Kore? Advanced |n3t_itUte of Science and TEChnO_I(?g)’-_ AHigure S2 | Target emotion characteristics on the 2D (valence and arousal)
our subjects were fully informed that they were participatingplane illustration.
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Figure S3 | Survey questionnaire with 13 pairs of bipolar sen  sorial
adjectives. The questionnaire was initially designed in US English andas
presented to the participants in the Korean language. The wpleasant-pleasant
pair was only additional in experiment 2 surveys.

Figure S4 | Experiment design for stimuli clip presentation and rating.
Figure S5 | Composition of the three emotional aspect indices ( evaluation,
activity, and potency) and the method of rating conversion. A total of 12

pairs of bipolar ratings were used to extract the evaluatigractivity, and potency
indices. The indices were rescaled from the nine-point scab to a range of [ 1, 1]
as shown.

Figure S6 | Temporal and topographic responses to visual music
presentations. Average normalized power for 10-s non-overlapping epochs
during the presentation of clip 1(a), clip 2(b), and clip 3)s visual music. EEG
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