Visual perception of expressiveness in musicians’ body movements.
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Musicians often make gestures and move their bodies expressing the musical intention. This
visual information provides a channel of communication to the listener of its own, separated
from the auditory signal. In order to explore to what extent emotional intentions can be con-
veyed through musicians’ movements, subjects watched and rated silent video clips of musi-
cians performing four different emotional intentions, Happy, Sad, Angry, and Fearful. In a
first experiment twenty subjects were asked to rate performances on the marimba with respect
to perceived emotional content and movement character. Video clips were presented in dif-
ferentviewing conditionsshowing selected parts of the player. The results showed that the
intentions Happiness, Sadness and Anger were well communicated, while Fear was not. The
identification of the intended emotion was only slightly influenced by viewing condition. The
movement ratings indicated that observers used cues to distinguish between intentions. In a
second experiment subjects rated the same emotional intentions and movement character for
woodwind performances, one bassoon player and one soprano saxophonist. The ratings from
the second experiment confirmed that Fear was not communicated while Happiness, Sadness
and Anger were recognized. The movement cues used by the subjects in the first experiment
appeared also in the second experiment and were similar to cues in audio signals conveying
emotions in music performance.

Introduction he/she is carrying (Runeson & Frykholm, 1981), and land-
ing positions of strokes of badminton playing (Abernethy &
Body movement is an important non-verbal means ofRussel, 1987). Itis also possible to identify the emotional ex-
communication between humans. Body movements can helpression in dance and music performances (Walk & Homan,
observers extract information about the course of action, o£984, Dittrich, Troscianko, Lea, & Morgan, 1996, Sorgjerd,
the intent of a person. Some of this information is very robus2000), as well as the emotional expression in every-day arm
and can be perceived even when certain parts of the movnovements such as drinking and lifting (Pollick, Paterson,
ing body are occluded. Such information can even be perBruderlin, & Sanford, 2001, Paterson, Pollick, & Sanford,
ceived if the movement is shown just by single light points2001).

fastened to the body and displayed with high contrast to give \1usic has an intimate relationship with movement in sev-

a discrete-point impressiorpgint-light technique, see Jo- g5 agpects. The most obvious relation is that all sounds
hansson, 1973). It has been shown that by viewing motior

: ~“from traditional acoustic instruments are produced by hu-
patterns, subjects are able to extract a number of non-tnwa,Lan movement. Some characteristics of this motion will in-

features such as the sex of a person, the weight of the baxjtaply be reflected in the resulting tones. For example, the
sound level, amplitude envelope, and spectrum change dur-
ing a tone on a violin has a direct relationship to the velocity
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For editing the video clips used in the experiments, the oper(2002) have argued that speech and movement gestures arise
source software Virtual Dub was used (http://www.virtualdub.org/).from a shared semantic source. In this respect the movements
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used (http://www.R-project.org/). each other. Bearing in mind that music also is a form of com-
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munication and that speech and music have many propertiege emotion for each performance. Sorgjerd found that sub-
in common (see e.g. Juslin & Laukka, 2003), it is plausiblejects were better in identifying the emotions Happiness, Sad-
that a similar concept applies to musical communication asiess, Anger and Fear than Tenderness and Solemnity. There
well. In earlier studies of music performance the body geswere no significant differences between the presentation con-
tures not directly involved in the production of notes haveditions watch-only, listen-only or both-watch-and-listen. In
been referred to aancillary, accompanistpr non-obvious the watch-only condition, the correct emotion was more of-
movements (e.g. Wanderley, 2002). We prefer to think often identified for the violinist than for the clarinetist.
these performer movements ab@dy languageince, as we In view of the reported ability to discriminate between dif-
will see below, they serve several important functions in mu{ferent expressive intentions, an interesting question to ask
sic performance. It seems reasonable to assume that someisfwhat makes this discrimination possible. What types of
the expressivity in the music is reflected in these movementsnovements supply the bits of information about the intent
The body movements may also be used for more expliciand mood of a performer? Whichovement cueare used?
communication. Davidson and Correia (2002) suggest four Boone and Cunningham (2001) found that children as
aspects that influence the body language in musical perfosroung as 4 and 5-years old used differentiated movement
mances: (1) Communication with co-performers, (2) individ-cues when asked to move a teddy bear to Angry, Sad, Happy
ual interpretations of the narrative or expressive/emotionadnd Fearful music. For the Sad music the children used
elements of the music, (3) the performer’s own experiencetess force, less rotation, slower movements and made fewer
and behaviors, and (4) the aim to interact with and entertaishifts in movement patterns than they used for the other emo-
an audience. Separating the influence of each of these aens. The children also used more upward movement for the
pects on a specific movement may not be possible in generaappy and Angry music than for Fearful (which, in turn, re-
However, by concentrating on solo performances without arceived more upward movement than Sad music). The ac-
audience aspects (2) and (3) may be dominating and the ircuracy of children’s ability to communicate the emotional
fluences of aspects (1) and (4) would be minimized. content to adult observers was strongest for Sad and Happy
It is well documented that a viewer can perceive expresmusic, and less strong for Angry and Fearful music.
sive nuances from a musician’s body language only. David- De Meijer and Boone and Cunningham (1999) proposed
son has made several studies on expressive movements daveral movement cues considered important for detecting
musical performance relating the overall perceived expresemotional expression (De Meijer, 1989, 1991, Boone &
siveness to musicians’ movements (e.g. Davidson, 1993Cunningham, 1999, see overview in Boone & Cunningham,
1994, Clarke & Davidson, 1998). Most of these studies used998). These cues include frequency of upward arm move-
video recordings, utilizing the point-light technique (Johans-ment, the amount of time the arms were kept close to the
son, 1973) to capture the movements of musicians (violinistbody, the amount of muscle tension, the amount of time an
or pianists). They were instructed to play with three differentindividual leaned forward, the number of directional changes
expressive intentions: deadpan, projected and exaggeratdad;face and torso, and the number of tempo changes an indi-
instructions that were assumed to be commonly used in musdual made in a given action sequence. The proposed cues
sic teaching. Subjects rated these performances on a scalerafitch well the findings by De Meijer, concerning viewers’
expressiveness (ranging from “inexpressive” to “highly ex-attribution of emotion to specific body movements (1989,
pressive”). From this data Davidson (1993) concluded thal991). For instance, he found that observers associated ac-
subjects were about equally successful in identifying the extors’ performances with Joy if the actors’ movements were
pressive intent regardless of whether they were allowed téast, upward directed, and with arms raised. Similarly the
only listen, only watch, or both watch and listen. Musically optimal movements for Grief were slow, light, downward di-
naive subjects even performed better when only watchingrected, and with arms close to the body.
compared to the other conditions, thus implying that many Similarly, Camurri, Lagerl6f, and Volpe (2003) found a
listeners at a concert may grasp the expressiveness of the pesnnection between the intended expression of dance and
formance mainly from the artist's gestures rather than fronthe extent to which the limbs are kept close to the body. In
the musical content (Davidson, 1995). their study, automatic movement detection was used to ex-
Davidson (1994) also investigated which parts of a pi-tract cues in rated dance performances with the expressive
anist’s body that conveyed the information the observers usetitentions Joy, Anger, Fear and Grief. The cues studied were
for judging expressiveness. Using the same point-light techamount of movement (Quantity of motion), and how con-
nigue as in other studies, presenting single or different comtracted the body was, that is how close the arms and legs are
binations of the points, she found that the head was importarib the center of gravity (Contraction index). They found that
for the observers to discriminate between deadpan, projectguerformances of Joy were fluent with few movement pauses
or expressive performances, whereas the hands were not. and with the limbs outstretched. Fear, in contrast, had a high
Sorgjerd (2000), found that the player’s intended emo-contraction index, i.e. the limbs were often close to the center
tional expression was reflected in the body motion and coulaf gravity.
be decoded by subjects. One clarinet player and one vio- That the direction of movement and the arm movements
linist performed pieces with the emotional intentions Happi-seem to be of such importance for perceiving expression in
ness, Sadness, Anger, Fear, Solemnity, Tenderness, and Nance is interesting in perspective of the previously men-
expression. Subjects were asked to select the most approptiened studies using musicians’ movements. The arm move-



VISUAL PERCEPTION OF EXPRESSIVENESS IN MUSIC PERFORMANCE. 3

ments of a musician are primarily for sound production andn motor centra. Since performers are listening to their own
thus expressive body language cannot be allowed to interfeqgerformances this implies that there is a loop between pro-
if the performance is to be musically acceptable. Thus theluction and perception and that the body expression must
expressive movement cues used by the observers to detdwve a close connection with the music expression.
emotional expression must either appear in other parts of the In this study, the main objective was to find out if ex-
body, orcoincidewith the actual playing movements. pressive communication of specific emotions in music per-

The studies mentioned above have all brought up differenformance is possible using body movements only (i.e. ex-
aspects of the visual link between performer and observerluding the auditory information). A second objective was
An interesting comparison can be made with how musical exto find out whether this communication can be described in
pressiveness is encoded and decoded in the sound. In anafgrms of movement cues (such as slow - fast, jerky - smooth
sis of music performances, Gabrielsson and Juslin (Gabrielstc.), similar to those appearing when listening to music per-
son & Juslin, 1996, Juslin, 2000, 2001) have explored whatormances. A number of different aspects of musicians’ body
happens when a musician performs the same piece of musisovements have been identified above. We assume in this
with different emotional intentions. A set of acoustical cuesinvestigation that the body movement of the player mainly
has been identified (such as tempo, sound level etc) that lissonsists of movements for the direct sound production on the
teners utilize when discriminating between different perfor-instrument, and natural expressive movements not primarily
mances. For example, a Happy performance is characterizégtended to convey visual information to the audience or to
by fast mean tempo, high sound level, staccato articulatiorfellow musicians.
and fast tone attacks, while a Sad performance is charac- The specific questions addressed were the following:
terized by slow tempo, low sound level, legato articulation 1. How successful is the overall communication of each
and slow tone attacks. It seems reasonable to assume thatended emotion?
the body movements in the performances contain cues cor- 2. Are there any differences in the communication de-
responding to those appearing in the audio signal. After allpending on performer or what part of the player the observers
the movements are intimately connected to the sound prcsee?
duction. Many of the cues used to characterize music perfor- 3. How can perceived emotions be described in terms of
mances intuitively have a direct motional counterpart if wemovement cues?
assume that a tone corresponds to a physical gesture: TempoTwo experiments were performed to answer these ques-
- gesture rate, sound level - gesture size, staccato articulatidions. In Experiment | subjects rated performances on
- fast gestures with a resting part, tone attack - initial gesturgnarimba, and in Experiment Il subjects rated woodwind per-
speed. formances.

Another coupling between motion and music is that mu- )
sic listening may evoke an imaginary sense of motion (e.qg. Experiment |
Clarke, 2001, Shove & Repp, 1995). Similar to visual illu- In the first . t ionist perf d a short
sion or animation, changes in pitch, timbre, and dynamics . n he nirst experiment a percussionist performed a shor

in music would have the capacity of specifying movement Pi€ce with differing emotional intentions. Based on the as-

Many factors in music performance have been suggested t%umption that seeing less of the performer would affect the

influence and evoke this sense of motion. Rhythmic fea_communication, and that some parts of the player would be

tures is a natural choice, as indicated by performance instrudl'0re Important to convey th.e Intention than_ others, the sub-
tions such asndante(walking), orcorrente(running). Also jects were presented with video clips showing the player to

some experimental data point in this direction. Friberg anodlfferent extent.
Sundberg (1999) found striking similarities between velocity
_ i Method

curves of stopping runners and the tempo curves in final
tardandi Similarly, Juslin, Friberg, and Bresin (2002) found  Stimulus Material A professional percussionist was
that synthesized performances obtained significantly highesisked to prepare performances of a piece for marimba with
ratings for the adjectives Gestural, Human, Musical, and Exfour different expressive intentions: Anger, Happiness, Sad-
pressive, when the phrases had a tempo curve correspondingss and Fear. She was instructed to perform the different
to a model of hand gesture velocity. emotions in a natural, musical way. Thus, implicitly the in-

Why and when are we experiencing motion in music lis-structions clearly concerned the expression in the sounding
tening? From a survival point-of-view, Clarke (2001) arguesperformance rather than in body movements. The player was
that all series of sound events may evoke a motion sensaticaware that the performances would be filmed but not how
since we are trained to recognize physical objects in our erthey were going to be analyzed. No instructions concerning
vironment and deduce the motion of these objects from thenovements or performance manner were given.
sound. Considering the indefinite space of different sounds The piece chosen was a practice piece from a study book
and sound sequences emanating from real objects it is plabby Morris Goldenberg: “Melodic study in sixteens”. This
sible that we make a perceptual effort to translate all soungiece was found to be of a suitable duration and of rather neu-
sequences to motion. Todd (1999) even suggests that the atmal emotional character, allowing different interpretations.
ditory system is directly interacting with the motor system in The player estimated that a total of 5 hours was spent in the
such a way that an imaginary movement is created directlpreparation for the performance and for the recording.
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The recording was carried out using a digital video cam-
era (SONY DCR-VX1000E) placed on a stand at a fixed dis-
tance in front of the player. No additional lightning was used
in the room (a practice studio at the Royal College of Music,
Stockholm) and the camera’s automatic settings were used.

The experimenter checked that the player was clearly in
view and made the camera ready for recording, but was not
present in the room during the recording. The player per-
formed each intention twice with a short pause between each
performance. Afterwards, the player reported that she pre-
pared for the next performance during these pauses by re-
calling memories of situations where she had experienced the
intended emotion. Informal inspection of the video material
by the authors and other music researchers suggested that the
music expressed the intended emotions and that the body was
moving in a natural, not exaggerated way.

The original video files were edited using a freeware video
editing software (Virtual Dub). To remove facial expressions
a threshold filter was used, transforming the color image to
a strict black and white image (without gray scales). Differ-
entviewing conditionsvere prepared, showing the player to
a varying degree. Four viewing conditions were usked;
(showing the full image)nohands(the player’s hands not
visible),torso(player’'s hands and head not visible) drehd
(only the player’s head visible). The four conditions were cut
out from the original full scale image, using a cropping filter.
Figure 1 shows the four viewing conditions for one frame.
Based on the original eight video recordings a total of 32
(4 emotions x 2 repetitions x 4 conditions) video clips were
generated. The duration of the video clips varied between 30
and 50 s.

Subjects A total of 20 (10 male and 10 female) subjects
volunteered to participate in the experiment, mostly students
and researchers at the department. The subjects were be-
tween 15 and 59 years old (mean 34, standard deviation 13.6)
with varying amounts of musical training. Seven subjects re-
ported that they had never played a musical instrument, seven
subjects had played a musical instrument previously, and six
subjects had experience of playing one or many musical in-
struments for many years and currently played between 1 and
6 hours per week. The subjects did not receive any econom-
ical compensation for their participation.

Procedure Subjects were asked to rate the emotional con-
tent in the video clips on a scale from 0 (nothing) to 6 (very
much), for the four emotions Fear, Anger, Happiness and
Sadness.

The subjects were also asked to rate the perceived move-
ment character. Four movement cues were selected, taking 3
into account that (a) they should describe the general motion

i : . head ~ =~ o
patterns of the player (not specific to any part of the body)rigure 1 Original (top) and filtered video images exemplifying
(b) have a correspondence in musical cues, and (c) reflegie four viewing conditions used in the test: full, nohands, torso,
characteristics related to the emotional content of the perand head.
formance rather than the basic transitions required to play
the piece. Since the different viewing conditions displayed
different parts of the player, specific movement descriptions
such as arm direction, head, rotations etc could not be used.

-
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The cues were, with their musical counterpart in parentheTable 1
sis; Amount (sound level), Speed (tempo), Fluency (articulaComparison between achievemedy, (point-biserial corre-
tion), Regularity (tempo variations). The ratings of the cuedation (r, used by Juslin, 2000), and the emotion recogni-
were carried out using bipolar scales, coded from 0to 6:  tion score E, used by Resnicov, Salovey & Repp, 2004) cal-

Amount: none - large culated for combinations of the intention vector for Anger
Speed: slow - fast x=[F AH §=[010(Q and different rating vectors. While
Fluency: jerky - smooth Covreflects differences in magnitude in ratinggand E will
Regularity: irregular - regular generate the same value for different cases.
y=|[FAHS A r E
The assumption was that Amount would correspond to an intention| 0 6 0 0| 1.00 1.00 1.00
overall measure of the physical magnitude of the movement correctly| 01 00| 0.17 1.00 1.00
patterns, Speed to the overall number of movement patterns identified| 0 3 00| 050 1.00 1.00
per time unit, Fluency to the smoothness of movement pat- (ranked highest) 2 32 2| 0.17 100 0.33
terns, and Regularity to the variation in movement patterns ambiguous| 0 6 6 0 | 0.67 0.58 0.50
over the performance. or 0330 033 0.58 0.50
The 32 video clips were presented on a computer screen equalrankingl 111 1| 0.00 - 0.25
and rated individually. For each subject a command-file au- confusion| 1 0 0 0 | -0.05 -0.33 0.00
tomatically opened the clips in the Windows mediaplayer in a ornon-| 3000 -0.17 -0.33 0.00
randomized order. Each clip could be viewed as many times successful 6 0 0 0 | -0.33 -0.33 0.00
as the subject liked, but once the window for a specific clip  communication| 6 55 5 | -0.05 -0.33 0.24
had been closed, the next clip started automatically and the
subject could no longer go back to rate the previous one.
Measure of achievement Thus, we define thechievements the covariance be-

The use of rating adjectives on individual scales resultdween theintended(x) and therated (y) emotion for each
in many values for each stimulus, presentation and subjec¥ideo presentation, divided by a constant Both x andy
In order to make a clear overview of data such as this, wittfiré vectors that consist of four numbers representing Fear
several factors involved, it may be useful to calculate indi-(F). Anger (A), Happiness (H), and Sadness (S). For the in-
vidual measures of how well the communication succeedetfnded emotion Angrx = [F AH § = [0 1 0 g, the maxi-
in each case. One benefit with such a measure is that it UM achievement would be for a ratingyot= [F AH § =
easy to investigate all the independent factors in one analysi€ 6 0 0. The achievemer&(x,y) for a specific presentation
of variance, summarizing all rated adjectives or emotions. 1S defined as
Previous examples of how to combine several rated scales
can into one measure, with the objective of describing emo- . . ;
: SO : . intention rating
tional communication, can be found in the literature. For 1 N o —  ——
example, Juslin (2000) defineathievemenas the point-  A(X,y) = =CouX,y) = = —— x-%X vi—-y) 1)
biserial correlationr) between the performer's expressive C i=
intention and the listener’s rating. This was one of the mea-
sures used in the Brunswikian lens model suggested by Juslin wherex andy are arrays of siz& (in our caseN = 4),
for modeling the communication of emotion in music perfor-andx andy are the mean values across each ar@ys a
mance. Recently, Resnicow, Salovey, and Repp (2004) cahormalization factor to make the “ideal” achievement equal
culated emotion recognition scords)(for each participant to 1. Given thak can only take the values 0 and 1, andan
by dividing the rating of the relevant emotion by the sum ofbe integer values between 0 and6+= 1.5 in all cases.
all four emotion ratings. A comparison between values for the covariance and cor-
One drawback with these estimations is that they do notelation of different vectors is shown in Table 1. The ta-
consider the absolute magnitude of the ratings as will béle showsA, the correlation coefficient, and the emotion
shown below. Instead, we suggest to use the covarianacognition scorde between the intention vector for anger
(Cov), between intention and rating. Ti@ovreflects both x=[F AH §=[01 0 ( and differenty. As seen in the
the absolute magnitude of the rating, as well as the ambiguable, Cov reflects the magnitude of the ratings. A rating
ous and/or confused cases. The correlation can be seenafsy = [0 6 0 J gives a higheCovvalue thary = [0 3 0,
a normalized covarianceyy being theCowy divided by the  whiler andE will generate the same value for many different
standard deviations for andy. However, such normaliza- responses (top four rows).
tion may result in peculiar behavior when applied to individ-  In cases of ambiguity between two emotions (two emo-
ual ratings of a few adjectives. One particular problem wetions rated equally highy, will be similar regardless of the
have found is that is undefined when all ratings are equal, “intensity” of confusion.Cov, on the other hand, gives high
yielding a standard deviation of 0. An alternative normaliza-values if the two ambiguous emotions are rated high, and
tion strategy is to normalize relative to the best possible caskew if they are rated low (compare casesyot [0 6 6 0 and
rather than relative to the actual spread in the data. y =[0 33 (). Note that an equal rating of all four emotions,
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e.g. arating vectoy = [1 1 1 1}, (with a standard deviation Table 2
of 0), does not yield any numerical value far Thereforer Mean achievement for the four intended emotions and view-
makes a less strong candidate for a measure. The emotiamg conditions (full, nohands, torso, and head) averaged
recognition scor& always yields numerical values, but also across 20 subjects and two performances. The viewing con-
the same value for many different cases. dition receiving the highest achievement for each specific in-
A negative achievement would mean that the intendedention is shown in bold. Seeing the full view of the player
emotion is confused with other emotions, and zero is obdid not automatically result in high achievement. For the
tained when all possible emotions are ranked equal. We asdappy intention the torso received higher value than the full
sume that a achievement significantly larger than zero imeondition. For the Sad intention both the head and the no-
plies that the communication of emotional intent was suc-hands condition received higher achievement than the full
cessful. Resnicow et al. (2004) also defined a successondition.

ful communication whelkt is significantly larger than zero. Intent | full nohands torso head mean
However, a€ do not take any negative values for confusing Happiness| .46 .32 48 .35 40
casesA is a more strict measure. Sadness .57 .64 34 .65 .55
Anger | .57 A4 .27 29 | .40
Results Fear| .15 .08 .07 -.04| .07
column mean| .44 .37 .29 31

Emotion ratings The results from the emotion ratings can
be seen in Figure 2. Each panel shows the mean ratings for
the four emotions averaged across the 20 subjects and tA@ble 3
two performances of each intended emotion. The 95 % conEffect sizedd for the four viewing conditions. The table
fidence intervals are indicated by the vertical error bars. Thehows the differences between the mean achievement for spe-
figure illustrates that the player was able to convey three o€ific viewing conditions. The values are rather small, mean-
the four intended emotions to the subjects in most viewingng that the overlap between the distributions for different
conditions. Sadness was most successfully identified, folviewing conditions was large.

lowed by Happiness and Anger. By contrast, Fear was hardly full nohands torso head
recognized at all but show ratings evenly spread across the full N

four available emotions. The occasional confusion of Anger nohands!| .18 -

with Happiness and vice versa indicates that these two ex- torso | .40 19 -
pressions might have some features in common. head| .32 14 04 -

To investigate the effects of the intended emotions and
viewing conditions, the achievement measures were sub-
jected to a 4 conditionsx 4 emotions repeated measures

ANOVA. The analysis showed main effects for intendedreceived high achievement values (from 0.57 to 0.65 in Ta-
emotion [F(3,36) = 19.05 p < 0.000] and viewing con- ble 2), while the mean achievement for the torso condition

ditions [F (3,36) = 6.98, p < 0.001], and significant results Was much lower (0.34). A Tukey post hoc test revealed that

for the two-way interaction viewing condition emotion the only significant effect within the Sad intention was be-

[F(9,108) = 4.36, p < 0.0001. tween torso and heag & 0.05). I_:orthg Happy intention, on
The main effect of emotion was clearly due to the low the other hand, the torso received higher achievement (.48)

achievement obtained for the intention Fear. A Tukey posthan the full condition (.46), however no post hoc test were

hoc test, using pairwise comparison, showed that the Fearf§gnificant. For Anger, the full condition received the highest
intention received significantly lowep(< 0.0007) achieve- achievement (0.57), whllg the torso anc_i head conditions were
ment than all the other three intentions. less successful in conveying the intention. The only post hoc

The interpretation of the effect of viewing condition was €ffect was between torso and full conditiqm< 0.05).
somewhat complicated. A Tukey post hoc test showed that The results for viewing condition were somewhat surpris-
the torso and head conditions received significantly loweing. Initially one would hypothesize that seeing more of the
achievement compared to the full conditign« 0.0001). No  player would provide the subjects with more detailed infor-
other differences between viewing conditions were signifi-mation about the intention. The achievement values would
cant. Thus this confirmed the a priori assumption that seeintgj1en be ordered from high to low for the three conditions
more of the body of the performer improves the achievementull, nohands and head, and similarly for full, nohands and

The interaction between emotion and viewing conditiontorso. Such a “staircase” relation between the viewing con-
is illustrated in Table 2. The table shows the mean achieveditions was observed in the main effect. However, looking
ment, averaged across 20 subjects and two performances, f&k the interactions, Anger was the only intention showing a
each intended emotion and viewing condition. The signifi-Similar relationship between viewing conditions (see Table 2
cant effect was due to differences between conditions for thand Figure 2).

Sad and Angry intentions. For the Sad intention the head was Table 3 display the effect sizes, calculated as the differ-
important for perceiving the intended expression. All condi-ence in mean achievement between two viewing conditions,
tions where the head was visible (full, nohands, and headjivided by the pooled standard deviations. Following the
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Figure 2 Ratings for the four intended emotions and viewing conditions. Each panel shows the mean ratings for the four emotions
averaged across 20 subjects and the two performances of each intended emotion. The patterns of the bars show the four viewing conditior
full (horizontally striped), nohands (white), torso (grey), and head (diagonally striped). The error bars indicate 95 % confidence interval. As
seen in the panels the Happy (top left panel), Sad (top right) and Angry (bottom left) performances receive ratings in correspondence witt
the intention, while Fearful (bottom right) was hardly recognized at all.

classifications of Cohen (1988), the effect sizes were smaliTable 4

meaning that the overlap between distributions was at leastorrect identification of the intended emotions in percent for
half a standard deviation. the four viewing conditions, averaged across the two perfor-
mances of each intention. The values were calculated as the
portion of ratings where the intended emotion received the
Q' hest rating. The viewing condition receiving most correct
entifications for a specific intention is shown in bold.

Also effect sizes for the interaction viewing condition and
intended emotion displayed small to medium valuesdor
in most cases. The exceptions were the intentions Sadne
and Anger. For Sadness, there were medium to large differs

ences between torso and each of the three viewing conditions _ full nohands torso head row mean

where the head was visible; full€.7), nohandsd=.98), and Happiness| 68 50 73 56 61.8

head (I=1.00). For Anger, the large differences appeared be- Sadnesg 80 80 53 95 77.0

tween the conditions full and torsd & 1.00), or between Anger | 85 60 38 45 57.0

the conditions full and headi€.88). Fear| 35 23 23 10 22.8
column mean| 67.0 53.3 46.8 515

Looking at the results in an alternative way, the subjects:
ratings were transformed into forced choice responses, com-
monly used in other studies. The transformation was done in
a strict fashion, meaning that only the ratings where the inble 2. Sadness, Anger, and Happiness were identified well
tended emotion received the highest rating was considered above chance level (25%).
“correct”. The percentages of correct responses are shown in
Table 4. The pattern of these values corresponds very closely Movement cuesFigure 3 shows the mean ratings of the
to the mean achievement across the performances seen in Taevement cues for each intended emotion. The movement
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HAPPY INTENTION SAD INTENTION
N head head
regularity X torso regularity v torso
irregular- i @ nohands | regular irregularq —e—i @ nohands | regular
| ful | ful
fluency fluency
j I e ; —Ya—
jerky - e smooth jerky4 % smooth
speed speed
| v | i
slow ’—‘% fast slow —Ae— fast
amount amount
none - A large none 4 —a—Y large
0 1 2 3 4 5 6 0 1 2 3 4 5 6
mean rating mean rating
ANGRY INTENTION FEARFUL INTENTION
. head . head
reqularity X torso fegularity X torso
. [ ——y—
irregular 4 e A @ nohands | regular irregular —— .’7A4‘ @ nohands | regular
| ful | full
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slow J A | — A
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none 4 v I large none- A v large
e——— g
0 1 2 3 4 5 0 1 2 3 4 5 6
mean rating mean rating

Figure 3 Ratings of movement cues for each intended emotion and viewing condition. Each panel shows the mean markings for the four
emotions averaged across 20 subjects and the two performances of each intended emotion. The four viewing conditions are indicated by tl
symbols: full (square), nohands (circle), torso (pyramid), and head (top-down triangle). The error bars indicate 95 % confidence interval.
As seen in the panels, the movement characterization differs for the four intentions.

cues, Amount (none - large), Speed (slow - fast), Fluencylable 5

(jerky - smooth) and Regularity (irregular - regular), receivedintercorrelations between the movement cues rated in Exper-
different ratings depending on whether the intended expresment |. All correlations were statistically significanp &

sion was Happy, Sad, Angry, or Fearful. Note that high rat-0.01,N = 618

ings correspond to large amount of movement, high speed; amount speed fluency regularity
smooth fluency, and regular movements, while low ratings amount -
correspond to small amount of movement, slow speed, jerky gpeed | .26* -

fluency, and irregular movements. fluency | -.19% -.62** -
The intentions Happiness and Anger obtained rather sim-regularity | -.12**  .44*  58** -
ilar rating patterns, explaining part of the confusion between ** p<0.01

these two emotions. According to the ratings, both Anger

and Happiness were characterized by large movements, with
the Angry performances somewhat faster and jerkier com- . L .
pared to the Happy performances. The ratings for Fear arll SOW refatively medium intercorrelations.

somewhat less clear-cut, but tend to be somewhat small, fast, In order to investigate how the rated emotions were related
and jerky. In contrast, the ratings for the Sad performance#o the rated movement cues, a multiple regression analysis
display small, slow, smooth and regular movements. was performed. Each rated emotion was predicted using the

Table 5 shows the intercorrelations between the movemerur movement ratings as independent variables. In Table 6

cues. As expected, they were all somewhat correlated witH'€ resulting multiple correlation coefficien®)( the stan-
values ranging from -.62 to .26. The amount of movemen@ardized beta-weights, and the semipartial correlations are

seems to be relatively independent, reflected in the small coR"€sented for each emotion.
relations with the other cues. Speed, Fluency and Regularity The overall multiple correlation coefficients yielded rather
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Table 6 Method

Results from the regression analysis for the rated emotions

and rated movement cues in Experiment I. The numbers dis- stimulus material Two professional woodwind players,
play beta-weights and the semipartial correlations (in ital- gne soprano saxophonist and one bassoon player, were

ics) of the regression analysis. asked to perform four short musical excerpts with different
amount speed fluency regularity emotional intentions. Originally, three saxophonists were
Happiness| .35*** 21*** 06 -.01 recorded. However, two of these barely moved at all and
R=044 | 34 _16* .04 -.01 were not used in the following experiment.
Sadness | -.18%* -43%*  15¥*  (08* Four melodies were used for the performances: Berwald’s
R=0.65 | -.18* - 33>+  11*** | 06* String Quartet No. 5, C major, bars 58 to 69; Brahms’ Sym-
Anger N R [ i phony Op. 90 No. 3in C minor, first theme of the third move-
R=061 | .18 147 - 2% - 13** ment,Poco allegrettpHaydn’s Quartet in F major for strings,
Fear =297 -05 =17 -.06 Op. 74 No. 2, theme from first movement, and Mozart's
R=0.32 | -28** - 04 -12*  -.05 sonata for piano in A major, K331, first eight bars. Unlike
*P<005 * p<0.01 *** p<0.001 the piece used for the performances in Experiment |, which

was selected to be of a neutral character, these melody ex-
cerpts were chosen so as to vary the compositional/structural

low values in terms of explained variance, ranging from 10cpntribution to the emotional expression (c.f Gabrielsson &
! Lindstrém, 2001).

to 42%. Applying multiple correlation on averaged ratings . ,
over subjects increases the explained variance to between 67 Before the recordings, the players received the scores to-
and 92%. However, due to the few cases available (32) in theether with written instructions to prepare performances with

averaged ratings, the prediction of the beta weights becoméifferent emotional expressions. All four melody excerpts
uncertain in this case. were to be performed portraying 12 emotional expressions

N . . (not all used in this particular experiment). Among the 12
The semlpartlal correlatiosr was used to est|ma.te.th¢ intentions were the four used in Experiment I; Happiness,
relative importance of each movement cue (shown in italicsg 5 4ness Anger, and Fear. The players were instructed to
!n Table 6). It EXpresses the L_mique contribution ]‘rom eac(;)erform t'he differ'ent excerpts so as to communicate the emo-
independent variable, _excludlng the share_d variance (Cojong 1o g listener as clearly as possible. The instructions
hen, Cohen, West, & Alken,.2003). Accordmg_tq the table.’made it clear that the emphasis was on the musical interpre-
the cue that was the most important for predicting Happiation of the emotion. Also an “indifferent” performance was
ness was Amount (larger = .34), followed by Speed (fast, o.orged.
sr=.16). Similarly, the most important cues for Anger were

Fluency (jerkysr — —.21), Amount (largesr — .18), and to As the purpose of the recordings was to provide stimuli for

_ oo several investigations with different purposes, the recording
a Iesseidegree Speed (fast=.14), and Regularity (irreg procedure differed from that in Experiment |. Specifically,
ular,sr = —.13). ; : . . -
) ] ) ) ~_ both video and high-quality audio recordings of the perfor-

In general, differences in cue ratings for different viewing mances were made. The players were informed that both
conditions were small. For the intentions Happy and Sachydio and movements could be subject to analysis but not in
and partly for Anger, the cue ratings are closely clusteredyhich way.
(see Figure 3). Again, the head seems to play a special role. The movements were recorded using the same digital

When a rating stands out from the other viewing conditiong/ideo camera as in Experiment I. The camera was placed

it is either for the head or for the torso. Since the latter ISon a stand at a fixed distance on the players' right side. To

the only condition where the head is not visible, it can in faCtenhance the contrast between the player (who was asked to

also be related to the movements of the head. dress in light colors) and the background (black curtains),
additional spotlights and short shutter time for the camera

was used.
Experiment I From the 12 emotional expressions recorded, the perfor-

mances of Happiness, Sadness, Anger and Fear were selected
as video stimuli. The editing of the video clips was similar to
To further investigate the robustness of the overall comthat in Experiment I. This time, however, no differing view-

munication through musicians’ body movements a seconihg conditions were generated. The reason was that wind
experiment was conducted. Specifically, an objective was tinstrumentalists are intimately connected to their instrument
investigate the communication of specific emotions in perwith relatively small sound producing movements (as com-
formances on instruments where the sound producing movegsared to percussionists). Examples of original and filtered
ments are small and intimately connected to the instrumentideo frames showing each of the two players can be seen in
such as woodwinds. In addition we wanted to investigate thé&igure 4. In total 32 (4 emotions x 2 players x 4 excerpts)
generalizability of the results in Experiment | by increasingvideo clips were generated. The duration of the video clips
the number of performers and pieces. varied between 9 and 46 s.
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bassoon filtered

Figure 4 Original and filtered video images exemplifying clips of
the woodwind players: saxophone (top) and bassoon (bottom).

side the department received a small compensation for their
participation. None of the subjects had participated in Exper-
iment I.

Procedure The subjects were asked to rate the same pa-
rameters as those in Experiment I. The emotional content in
the video clips was rated on a scale from 0 (nothing) to 6
(very much), for the four emotions Fear, Anger, Happiness
and Sadness. The ratings of movement character was car-
ried out on bipolar scales for each of the cues Amount (none
- large), Speed (slow - fast), Fluency (jerky - smooth), and
Regularity (irregular - regular). A difference from Experi-
ment |, was that the rating scales were not restricted to inte-
gers, but could take any value between 0 and 6.

The 32 video clips were presented on a computer, using
a custom-made graphical user interface, and rated individ-
ually. The stimuli clips were presented in two blocks, one
block with all saxophone clips, randomized for each subject
and session, and another block with all bassoon clips. Half
of the subjects started rating the block with saxophone clips
first and the remaining half started by first rating the bassoon
clips. Each clip was repeatedly played until the subject had
rated all parameters. It was not possible to go on to rate a
new clip until all parameters had been rated, and once the
next clip was started the subject could no longer go back to
rate the previous one. In order to get the subjects acquainted
to the procedure, a pre-test was run. During the pre-test the
subject was able to see and rate examples of the two players
and different emotional/movement characteristics.

Results

Emotion ratings The results from the emotion ratings for
the two performers can be seen in Figure 5. Each panel
shows the mean ratings for the two players and four emo-
tions, averaged across the 20 subjects and the four musical
excerpts. The vertical error bars indicate the 95% confidence
intervals. Comparing Figure 5 to Figure 2, the results are
very similar: the intentions Happiness, Sadness, and Anger
were communicated to the subjects, while Fear was not. In
general, however, the ratings were lower compared to Ex-
periment |. There seem to be less confusion between Anger
and Happiness for the woodwind performers than for the
marimba player, suggesting some differences in movement
cues.

As in Experiment |, the achievement was calculated for
each of the presented video clips (see Equation 1). The
achievement measure was then subjected to an analysis of
variance to investigate the effects of the intended emo-
tions and musical excerpts. The 4 excerpts4 emo-

Subjects A total of 20 (10 male and 10 female) subjects tions x 2 performers repeated measures ANOVA showed
volunteered to participate in the experiment. The subjectsnain effects for intended emotiojfr(3,57) = 42.06,p <
were between 23 and 59 years old (mean 31, standard deW-00001, musical excerpfF(3,57) = 1153, p < 0.00001,

ation 8) with varying amounts of musical training. Five sub-

and performer[F(1,19) = 5.45p < 0.05, and signifi-

jects reported that they did not play any instrument. Ten ofant results for all two-way interactions: excerptemo-
the subject had several years of experience with one or mottéon [F(9,171) = 6.65, p < 0.00001, emotionx performer
instrument and played regularly. Subjects recruited from out{F (3,57) = 1261, p < 0.00001, and excerptx performer

[F(3,57) =7.21,p < 0.0005.
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Figure 5 Ratings for the four intended emotions and two instrumentalists; bassoon player (striped bars) and saxophonist (grey bars). Eac
panel shows the mean ratings for the four emotions averaged across 20 subjects and the four musical excerpts of each intended emoti
The error bars indicate 95 % confidence interval. As seen in the panels the Happy (top left panel), Sad (top right) and Angry (bottom left)
performances receive ratings in correspondence with the intention, while subjects failed to recognize the Fearful intention (bottom right). In
general, subjects rated the bassoonist as slightly more Happy, while the saxophonist received higher ratings for Sad.

Table 7

Mean achievement for the two performers, excerpts and intended emotion. The table shows the achievement for the basso
player (left half) and saxophonist (right half) and the musical excerpts Berwald, Brahms, Haydn, and Mozart, averaged across
20 subjects. The performance receiving the highest achievement for each specific intention is shown in bold.

basoon saxophone row
intent | Berwald Brahms Haydn Mozarnt Berwald Brahms Haydn Mozait mean
Happiness| .69 44 .63 .22 17 .15 .33 12 .34
Sadnesy .33 .39 A48 A4 A7 .30 44 .60 43
Anger 44 .16 .48 .39 24 12 .48 41 .34
Fear| -.04 -.03 -.07 =17 .00 -13 .02 .01 -.05
column mean .35 .24 .38 22 .22 A1 31 .29

Similarly to Experiment I, the main effect of emotion was tion. The mean achievement for the Fearful intention (-.05)
clearly due to the low achievement obtained for the intendis considerable lower compared to the intentions Happiness
tion Fear. A Tukey post hoc test showed that the achievef.34), Sadness (.43), and Anger (.34).
ment values for the Fearful intention were significantly lower

. ; The main effect of performer was due to slightly higher
(p < 0.0003 compared to those of the other three INteNtions ; chievement values for the bassoon player compared to the

In Table 7 the achievement values for all factors aresaxophonist, see Table 7. The significant interaction be-
shown. The table shows the mean achievement values fadween performer and emotion was mainly due to the low
the two performers, four excerpts and each intended emachievement for the intention Happiness for the saxophonist,



12 DAHL AND FRIBERG

who was rated sad to a higher degree (c.f. Figure 5). Thdable 8

Happy intention for the saxophonist received significantlylntercorrelations between the movement cues for the two per-

lower achievement values than all other cages-(0.001), formers rated in Experiment Il, bassoon players (top) and

except his own Anger performances. saxophonist (bottom). Half of the correlations for the bas-
The main effects due to musical excerpt were expectedsoon player and all correlations for the saxophonist were

considering that the excerpts were chosen on the basis sfatistically significant < 0.01, N = 320

their different emotional characteristics. A Tukey post hoC™ bassoon | amount speed fluency regularity

test revealed that the the Brahms excerpt received signi=—amount

icantly lower achievement compared to the other excerpts speed 01 -

(p < 0.05). In addition, the Haydn excerpt received signif-  flyency 02 i -

icantly higher achievement values than the Mozart excerpt regularity | -.07 S 14%  20** -
(p<0.05).

Were any of the excerpts better at communicating a cer- Saxophone amount speed f|uency regu|arity
tain emotion? The largest difference between intentions for gamount

one particular excerpt was found for Mozart. For this ex- speed 58 -

cerpt, Happiness received significantly lower achievement fluency S 43%* - 8O** -

than Sadness and Anger € 0.001). For the Brahms excerpt regularity | -.18* -28% 41 -
Anger received significantly lower achievment than the Sad # p<0.01

intention (p < 0.01). This corresponds well to the inherent

character of these excerpts, the Brahms being a slow, minor

tonality melody (Gabrielsson & Lindstrom, 2001). By con- Table 9

trast, the Berwald and Haydn excerpts displayed no signifiResults from the regression analysis for the rated emotions

cant differences between Happy, Sad, and Angry intentionsand rated movement cues in Experiment Il. The numbers dis-

play beta-weights and the semipartial correlations (in ital-

Movement cuesThe mean ratings for the two performers ics) of the regression analysis for the bassoon player (top)

can be seenin Figure 6. As seen in the figure, the movementsd saxophonist (bottom).

for the bassoon player (squares) and the saxophonist (circles) movement cues

were rated S|m|IarIy in many cases. The movement ratings of passoon | amount speed  fluency regularity

the intended emotions also resemble those in Experiment 1

Y 1 *k* _
especially for Anger and Sadness (c.f. Figure 3). |]!f‘ipol.n36855 82 _'gg** _83 811
Table 8 shows the intercorrelations between the rated Sadness | -.02 A9 24%F 00
movement cues for the two performers in ExperimentIl. For o _ngg9 | - 02 -3 159 00
the saxophonist, the movement cues are all somewhat corre= Anger 06 14 “295% - 08
lated with values ranging from -0.80 to 0.58. For the bas- r_ (43 | 0@ 09 -18"* - 08
soon player three of the cues, speed, fluency, and regular Fear 0% 12 04 ~02
ity, are correlated with values ranging from -0.77 t0 0.20. _ 519 | .o+ 08 02 02

Amount, however, is independent from the other cues (simi-
lar to Experiment |, see Table 5), suggesting differing move-

L saxophong amount speed fluenc regularit
ment characteristics between the two players. P P y 9 y

1 *kk -
As in Experiment |, the relation between rated emotion I-I|qa£p0|n3esss 'gg*** 11% 82 811
and movement cues was investigated in a multiple regres . . A e
: . X . . Sadness | -.08 -37 .29 -.09
sion analysis. Table 9 displays the resulting multiple cor- 5 % -

. . X ; R=0.65 | -.07 -.20% .16 -. 08
relation coefficients, the standardized beta-weights, and the Anger o1 17 Vi 00
semipartial correlationss() for the two performers in Exper- - 9 ’ ) ok )

) R=059 | .01 .09 -.25 .00
iment II. In general, the results for the bassoon player and Fear R 0 54 08
the saxophonist are similar to those for the marimba player R—030 | 18 05 13+ o7

in Experiment |. The explained variance was also similar to

Experiment |, with values ranging between 8 and 47%
Compared to the results for the marimba player, there

were fewer cues identified per emotion for the wind players.

None of the rated emotions display more than two significanformers’ movement cues can be seen. For the bassoon player,

movement cues. Also, the overlapping of movement characdhe most important cue to predict Happiness was Speed (fast

teristics between Anger and Happiness seems to be absesit= .23), while Amount (largesr = .20) was important for

for these two performers. the saxophonist. The cues most important to predict Sad-
According to the table, the most important cue for predict-ness were Speed (slosv = —.31 andsr = —.20) together

ing Anger is Fluency (jerkysr = —.18 and —.25). Neither  with Fluency (eversr =.15and.16). Fear was characterized

Amount, nor Speed, was significantly contributing to Angerby Amount (smallsr = —.12 and —.18) and, in the case of

ratings. For Happiness a difference between the two perthe saxophonist, also Fluency (even= .13). Considering

*p<005 * p<00l ™ p<0.001
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Figure 6 Mean ratings for the movement cues and two performers in Experiment Il, averaged across four excerpts and 20 subjects. The
error bars indicate 95 % confidence interval. The ratings are similar to those for the marimba player (see Figure 3. In general, the movemen
for the bassoon player (squares) and the saxophonist (filled circles) were rated similarly.

the very low ratings for Fear, however, its characterization isTable 10
Correct identification of the intended emotions in percent for
each of the three performers rated in Experiment | and Il
The values were calculated as the portion of ratings where
the intended emotion received the highest rating. The per-
The combined result of Experiment | and Il can be seerformer receiving most correct identifications for a specific

in Figure 7. The figure shows mean ratings for the four ratedntention is shown in bold.

guestionable.

emotions averaged across all players, subjects and cases. As

Anger were identified while Fear was not recognized at all.
Transformed into forced choice responses, the total percent-
age of correct identifications of the four intended emotions,

Results across performers

intent | marimba bassoon saxophoheow mean
seen in the figure, the intentions Happiness, Sadness, and Happiness| 60 81 56 64.4
Sadness 76 80 83 78.4
Anger 56 72 64 61.9
Fear 22 14 19 19.1
53.3 61.9 55.3

across both experiments, were 64% for Happiness, 78% forcolumn mean

Sadness, 62% for Anger, and 19% for Fear (see Table 10).
The performer who received most correct identified inten-

tions varied with emotion. The bassoon player received th
highest values for Happiness (81%) and Anger (72%), fo
Sadness the saxophonist received 83% correct, but recog
tion was high for all three performers. The best recognition
for Fear, 22% correct for the marimba performances, wa

still below chance level (25%).

Table 11 presents the result of a multiple regression anal

sis of all the rated movement cues and emotional intentions.

%omparing the beta-weights and semipartial correlations in
"rable 11 to the individual results in Experiment | and Il there

re many similarities. Sadness is characterized by slow and

smooth movements, while Anger is characterized by jerky

Tnovements. Large, and to a lesser degree, somewhat fast and

)}erky movements characterize Happiness. Most important to
Characterize Fear are small movements, but uneven regularity
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Table 11

Comparison between the movement cues for Experiment | and Il, and reported auditory cues expressing emotional intention:
The numbers display beta-weights and the semipartial correlations (in italics) of the regression analysis. For comparison, the
corresponding audio cues; sound level, tempo, articulation, and tempo variability (selected from Juslin, 2001), are displayed
to the right in the table.

movement cues auditory cues
amount speed fluency regularitysoundlev. tempo articul. tempo var.
Happiness N=315 .22*** | 13* -.15* .06 high fast  staccato small
R=0.34| 220 12 - 13 .01
Sadness N=314 -.02 -22%  19%*  -01 low slow legato final ritard
R=0.36 | -.02 =20 .16 -.01
Anger N=312| .10 .05 -.25%** .06 high fast  staccato small
R=0.30| .10 .04 =21 - 05
Fear N=317| -.24*** .04 .01 -.14* low fast  staccato large
R=0.26 | -.23** .03 .01 -12*
*P<0.05 * p<0.01 *** p<0.001
emotion 2) how the communication is influenced by per-
6.0 former/instrument and what parts of the player the subjects
55 V271 Happiness see, and 3) if movement cues can be used to describe this
50 ] Eiiggfss communication. Our results indicate that
5] == Fear 1. the intended emotions Sadness, Happiness, and Anger
40.] were successfully conveyed, while Fear was not.
o 35.] el 2. the identification of the intended emotion was only
£ ., Z} slightly influenced by the viewing condition, although in
= some cases the head was important
g 257 3. rated movement cues could be used to characterize the
207 different emotional intentions.
1.5 T
10+ § ZF Overall communication of intended emotion
0.54
00.] E The achievement values of the communicated emotional

Happiness Sadness Anger Fear intentions in our experiment correspond well to earlier stud-
ies of expressive movements in dance performances. Given
Figure 7. Mean ratings for the four rated emotions averaged acrosghe chqces of different emotlor!s, subjects have identified the
all players, subjects and cases in Experiment | and II. Each bar i§téntions well above chance in many cases (e.g. Walk &
based on 320 values. The error bars indicate 95 % confidence intelloman, 1984, Dittrich et al., 1996, Boone & Cunningham,

val. 1998, 2001). The emotion that has been most correctly iden-
tified differs between studies, but Anger, Sadness/Grief and
Happiness/Joy generally receive a large portion of correct re-
also has some importance. sponses.

For comparison, four auditory cues that are important for Overall, the mean achievement for Sadness was higher
identifying emotions when listening to music performancescompared to the other three intentions in the present study.
are shown to the right in Table 11: sound level, tempo, arSadness being the most successfully conveyed intention is
ticulation and tempo variability (selected from Juslin, 2001).not surprising, considering that children as young as four
Note the close correspondence between the movement aiy@ars old are able to identify Sad performances (Boone &
audio cues for the four emotions. For each rated emotiorCunningham, 1998), and also produce the relevant cues
the important cues (as expressed byshealues) and their which allow adult observers identify Sadness at above chance
corresponding audio counterparts all change in the same dievel (Boone & Cunningham, 2001). The ability to identify
rection. and portray Fear, Anger and Happiness appears later, from
the age of five.

The confusion between Happiness and Anger seen in our
results has also been found by other researchers. Dittrich

In this study we have shown that it is possible for aet al. (1996) reported that when presenting observers with
musician to convey specific emotions using body move-oint-light dance performances Anger was likely to be mis-
ments only. Additional objectives for the study were to taken for Joy, and vice versa. When the dances were showed
investigate: 1) the overall communication of each specifian normal lighting, however, the confusion appeared between

Intention

Conclusions and Discussion
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Joy and Surprise. Also Sérgjerd (2000) found that Anger and A slow speed or tempo causes an increase of the move-
Happiness was often confused with each other, and suggestetent duration. Similar to the essential role of tempo in music
a possible explanation to be the presence of high activatioperformance, the connection between velocity and duration
in both these intentions. of movement can be important for identifying the intention.

Fear was the only intention in the present study for whichPaterson et al. (2001) found that manipulating the durations
the communication failed. This is not in correspondence withof Angry, Neutral, or Sad lifting and knocking movements
other studies. Sorgjerd (2000) found no significant differ-had an effect on observers’ ratings. There were clear changes
ences in the communication of Fear compared to Happines#) the classification and intensity ratings for all three inten-
Sadness, and Anger. Although the percent correct identificaions. Manipulated Angry movements were, however, sel-
tions were worse for Fear compared to the other intentions inlom categorized as Sad or Neutral. Paterson et al. concluded
the watch-only condition, the intentions Sadness and Angethat movement velocity has a role in perceiving intent/affect,
received only marginally better scores. What could be thébut that there are other important properties that are not con-
reason that the communication of Fear fail in the presentrolled by velocity.
study? o » .

Music performances are capable of expressing a widé=ffects of viewing condition (Experiment I)
range of emotional expressions. Sounding performances can
communicate both expressive intentions inherent in the orig—I
inal score as well as those added during the performancﬁ
(Juslin & Sloboda, 2001). Some music is even compose
with the explicit intention ofnducingFear (e.g. Herrmann’s
original film music to “Psycho”). However, very few listen-
ers expect a professional musician to express real Fear whi
performing. It is simply not part of what we expect music
performances to be about. Other intense emotions, such

The identification of the intended emotion was only
ightly influenced by the viewing condition, although for
e Sad intention it was evident that the movements of head
provided important cues for identifying the intention cor-
rectly. The viewing conditions where the head was not vis-
i le (torso) obtained lower ratings than the other conditions.
possible explanation could be that for the Sad intention
Igere is a specific cue from the player visible in the head only.

formal visual inspections of the head stimuli suggested that

Anger, Love, Happiness, Sadness and Grief all make sense
the perspective of non-verbal communication through musi rEZnhceeasd x\"lzz Tﬁ;:éyv\t/grrgﬁgsiogvnngvggﬁefﬂng'\z32?] tgeirr:(t)rz_e
performance. But who expects someone who is truly fright- : '

ened to stay on stage, pick up an instrument and play? IMertical direction compared to the other intentions.

fact, we are not likely to consider performances that show diﬁérse%rg:;vggivig;%”tsr;r;g(;;fsel;gr\]’,\['%?etu?nunfgﬁ(;(t:itoe:sly S(r)nnéﬂl
signs of anxiety or fear to be good or professionallt is 9 .

plausible that the failing communication of Fear is related toP@SSiPility could be that the viewer is able to imagine the
what emotions the observeespectto see, rather than how non-visible parts of the body. The clips showing only part
well the intended emotions were portrayed. Some support fo?fot?eemzlr?é erofc?#(lad i:ﬁ\s/?b|zeegr£dgfnd fro?r?:-l?hﬁgsl?uegies
this was seen during a pilot test with the recorded stimuli for " ; parts. - in point-iigh i
Experiment Il. In the pilot test subjects rated all 12 recordetz"Nhere sometimes extremely limited information is available
intentions. From the result of the pilot test it was evident tha Oarr'tgié)flzebrgez:sttkr]gt:b"I\t/?//h(c)afn .rﬁgoir;ftrv‘ﬂ/ﬁz??s ;22?('5’:;”2
subjects were more likely to consider positive emotions suc avidson, 1994) 9y judging 9.
as Love, Pride and Contentment as expressed, while the ne ' i

ative emotions Disgust, Jealousy and Shame rarely received rAtr;]c:h de.][fg?:r?t'bI(.eeex.ﬁIancit:%r.'t%onu;ds%ergg?ggg egt'ger?e(ﬁggs
any ratings at all. It could be that by eliminating the infor- ! viewing u : !

mation from facial expression observers are less disposed tegf.'thlea(t:ﬁ ort]her(.j cht)r exarlnp()jle,dthe tcll??hthathwel:je edltledtgo
wards rating emotional intentions not considered “likely” to ISpiay the head olten included part of the shoulders. In the
oceur condition torso the shoulders were present at all times, but

sometimes parts of the player’s inclined head would also be
visible. The proportion of video frames in the torso condi-
tion in which the head was partially visible was about 3%
i;_)r the Sad performances, 0% for Anger, and about 10% for

Movement cues

A strong correspondence was found between how the s appiness. For the intention Fear the second performance

lected movement cues and their audio counterparts varied f . ;
different intentions (see Table 11). This supports the corievealed the head to a great extent towards a final tremolo in
performance, resulting in a higher proportion of frames

respondence between movement and audio cues and ont%e ; ; 0
again the intimate coupling motion - music. showing possible head cues (11 and 27% for the two perfor-

: mances respectively). Similarly, for large stroke movements
Rated movement cues could be used to characterize .ﬂme mallets could occasionally be visible in the nohands and

different emotional intentions: Anger was primarily associ- " ;
ated with jerky movements; Happy with large and somewhaLg‘crﬁegoarﬂ{tL?ng' This usually occurred for only one to two

fast and jerky movements; Sadness with slow and smoot
movements; and Fear W'Fh small and Somgwhat irregular : A somewhat ironic fact considering the huge proportion of pro-
movements. However, since the communication of Feafessional musicians suffering from performance anxiety (see e.g.
failed, its characterization is questionable. Fishbein, Middlestadt, Ottati, Straus, & Ellis, 1988).
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In our study we did not include a condition with only the Influence of the instrument
hands of the player visible. Davidson (1994) found that the
hands provided no information about the expressiveness in In this study we have studied three soloists performing
the piano performances. A comment from one of the subjectén different instruments. Admittedly this is a small sample,
illustrates this: “I suspect I'm rating this wrist performance but nevertheless it could be of some interest to discuss the
as highly expressive just because there is plenty of actionpossible meaning of the body language of percussion players
(Davidson, 1994). From measurements on the movement§ relation to wind players. A wind player is “attached” to
of the same pianist, Davidson also reported that there werée instrument during playing. To raise the head means that
small differences in the extent of hand movements betweethe instrument must follow, and vice versa. A percussionist,
the different performance conditions. That is, the differencéhowever, does nateedto change movement pattern of the
between the ranges in the vertical or horizontal direction wa§ead when performing with different expressive intentions.
about the same regardless of the performance condition. Bome horizontal transitions of the body are necessary when
comparison, the head movements in both vertical and horiplaying the marimba, since the player moves along the in-
zontal directions showed significant differences between pesstrument. The player also has to read the score and check
formance conditions. Differences were especially evidenthe positions of the mallets, and this will also enforce some
between deadpan and projected performances. movement of the head. However, there seems to be no reason
why the movement cues would differ to such a degree be-
tween the intended expressions. Is it possible that the overall
Effects of performer body language somehow could be helpful in expressive play-
ing? If so; to what extent could the type of instrument explain
ifferences in the player’s movements when performing?
For certain instruments, the sound production movements
d visual communicative movements are closely linked.

There were individual differences between the movemen%j
cues the three players used to express the emotional inteah

tions. For instance, the most important cue to characterstring players and percussionists are good examples of play-

ize Happiness was fast movements for the bassoon playeé s whose movements closely reflect what they are playing

large movements for the saxophonist, and both large and fafiskenfelt, 1989, Dahl, 2000, 2004). Percussion playing in

movements for the marimba p'a¥er- general uses large movements, but the player has little con-
The players used somewhat different movement charactefro| over the tone once it has been initiated. The tone can
istics in their performances, an expected result. Not all perpe shortened by dampening, but not lengthened. While, for
formers use expressive movements distinctively or in a waynstance, players of wind instruments have close control of
that is interpretable for an observer. In fact, many musiciangjr stream during the full duration of a tone, the contact time
may not appear to move at all. However, Davidson and Corpetween mallet and drum head is in the order of milliseconds.
reia (2002) points out that many of the musicians in David-Thjs implies that whatever dampening or force the percus-
son’s studies stated that their musical ideas were closely resjonist wants to induce has to be part of the gesture from
lated to repetitive whole-body motion. Davidson and Correiathe very beginning. The mallet will strike the drum head (or
suggest that this imagined sense of motion could mean thg{hatever structure is set into vibration) with the velocity and
musical eXpreSSion can be internalized as well as eXterna,"naSS app“ed through the p|ayer's movement, and the same
ized. The German pedagogue Truslit had similar ideas anghovement gesture will also determine the contact duration.
likened musical motion to an “invisible, imaginary dance”  pjanjsts have some control over the note length, but oth-
(Repp, 1993). erwise their situation is similar to percussion playing. When
Some support for the internalization of musical expressiorthe hammer strikes the string in the piano there is no longer
can be found in the literature. Wanderley (2002) reported thaany connection between the player’s finger on the key and
the clarinetists participating in his study reproduced somehus the hammer velocity is determined by the history of the
movement patterns also when were told not to move at allkey depression.
although with much reduced amplitude (see also Wander- |s it possible that for players of these instruments, gestures
ley, Vines, Middleton, McKay, & Hatch, 2005). A study of in terms of larger movements may not only be important for
expressive singing also supports that performers’ expressiwgsualizing intentions but also could play an important role
behavior are not easily suppressed (Sundberg, Iwarsson, i learning to control the sound production? Further research
Hagegérd, 1995). In the study, a singer asked to perform igould reveal whether the movement cues reported here would
a non-expressive way still made the same types of deviationgpply also for other performers and instruments.
in timing an sound level, only to less extent. Although there are differences in movement patterns be-
Apart from helping the performer in interpreting the ex- tween the performers in our study, the similarities seem to
pressive content of the piece there are also other reasod®minate. Despite that the required sound generating move-
for non-sound generating movements. Some types of movenents differ considerably between woodwind instruments,
ments could actually play a role in facilitating music perfor- like bassoon and saxophone, and percussion instruments, like
mance. For instance, it has been shown that body sway canarimba, our results suggest that performers on these instru-
improve reading performance (Stoffregen, Pagulayan, Bardynents share a common body language.
& Hettinger, 2000). To conclude, our results show that specific emotional in-
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tentions in music performance can be communicated to obPavidson, J. W., & Correia, J. S. (2002). Body movement. In
servers through movements only. The intentions Happiness, R. Parncutt & G. E. McPherson (EdsThe science and psy-
Sadness, and Anger were successfully conveyed while Fear chology of music performance. creative strategies for teaching
was not. For the marimba performances, the head seemed to @nd learning (p. 237-250). Oxford University Press.

play a special role in the communication. Rated movemenPe Meijer, M. (1989). The contribution of general features of body
cues, resembling auditory cues of importance for conveying movement to the attribution of emotiondournal of Nonverbal

emotions, could be used to describe the communicated emo- Behavior 13, 247-268.
tions. De Meijer, M. (1991). The attritution of aggression and grief to

body movements: The effects of sex-stereotyp&auropean
Journal of Social Psychologg1, 249-259.
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