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ABSTRACT suchmovement cudsave been made by DeMeijer and Boone and
Cunningham [5] [6] [7]. For instance, actors’ movements were
associated with Joy when their movements were fast, upward di-
rected, with arms raised, whereas the optimal movements for Sad-
ness were slow, light downward directed, with arms closed around
the body [5] [6].

Music has an intimate relationship with motion in several aspects.
Obviously, movements are required to play an instrument but mu-
sicians move also their bodies in a way not directly related to note
production. In order to explore to what extent emotional inten-
tions can be conveyed through musicia_ns’ movement_s only,_video That the direction of movement and the position of the arms
recordings of a marimba player performing the same piece with the - L R . -
. - seem to be of such importance is interesting in perspective of David
intentions Happy, Sad_, Angry and _Fearful, were recorded. 20 ob- son’s work. Musicians’ arm and hand movements are primarily
servers watched the video clips, without sound, and rated both the; L - .
perceived emotional content as well as movement cues. The video's'[;“/owecj in the so_und_ productlon, and expressive movements used
were presented in four viewing conditions, showing different parts yobservers tp discriminate between performanqes must therefore
o . . either appear in other parts of the bodygcomcidewith the actual
of the player. Th_e obgervers ratings for the intended emOtlonSé)laying movements. Davidson [2] found that observers were not
showed that the intentions Happiness, Sadness and Anger Ve ble to identify the expressive intention from the hand movements

well communicated, while Fear was not. The identification of the only. while the head movements seemed to be of areater impor-
intended emotion was only slightly influenced by the viewing con- tan)é’e 9 P

dition, although in some cases the head was important. The move- . . .
In analysis of music performances audio cues, such as tempo,

ment ratings indicate that there are cues that the observer use to d level etc. h b found to ch rort tional col
distinguish between intentions, similar to the cues found for audio soun ge\fo € Cl.:’ ave e?n Ol:_ln oc afrac erize e_mohlonatco-
signals in music performance. Anger was characterized by Iarge,_Orlng [9][10]). For example, a nappy periormance IS character-
fast, uneven, and jerky movements: Happy by large and somewhafzed by a fast mean tempo, high sound level, staccato articulation,

fast movements, Sadness by small, slow, even and smooth mOVet_amd fast tone attacks, while a Sad performance is characterized by
ments ' ' ' a slow tempo, low sound level, legato articulation and slomet

attacks. It seems reasonable, then, to assume that the body move-
ments in the performances contain cues corresponding to those ap-
1. INTRODUCTION pearing in the audio signal.

) ) . The questions for this study were the following: (1) How suc-
Musical performances are often enjoyed visually as well as aurally. ;g i the overall communication of each intended emotion?
It is not unusual to see the audience’ necks stretched in attempt to(z) Are there any differences in the communication, depending on
follow the musicians’ movements. That it would only be the actual jtenqed emotion, or what part of the player the observers see? and

sound producing movements that interest us seems unlikely, for(3) How can perceived emotions be classified in terms of move-
these movements are often too small or too fast to be seen prop,ant cues?

erly. However, musicians move also in ways that are not directly

related to the production of notes. These movements have been

shown to be able to convey information about the expressive intent 2. EXPERIMENT

of performances. For instance, in studies by Davidson [1][3], sub-

jects were about equally successful in rating music performancesA professional percussionist was video recorded when performing
according to their expressive intent (deadpan, projected or exag-a short piece of music with the intentions Sadness, Anger, Happi-
gerated) regardless if they were allowed to only listeny evdtch, ness and Fear, on the marimba. The piece chosen was a practice
or both watch and listen. The musically naive were even better in piece from a study book by Morris Goldenberg: “Melodic study
recognizing the intent in the watch-only mode, compared to the in sixteens”. This piece was found to be of a suitable duration and

other modes [3]. of rather “neutral” emotional character, allowing for the different
The ability of observers to obtain information regardingpem  interpretations.
tional intent (affect) from movements only has been well docu- From the video recordings, stimuli clips were generated show-

mented, not only for music performances but also for other set- ing different parts of the player in fowiewing conditions full
tings, such as dancing [8], drinking, or knocking [4]. Work has (showing the full image)pohandgthe player’s hands not visible),
also been dedicated to what kinds of movement characteristicstorso(the player’s hands and head not visible), &aedd(only the
that provide the pieces of information that observers use in or- player’s head visible). A video editing software was used to cut out
der to distinguish between performances. Some suggestions othe stimuli clips for the four viewing conditions using a cropping
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Figure 1:Original (far left) and filtered video images exemplifying the four viewing conditions used in the test: full, nohands, head, and
torso.

filter. A threshold filter was also used so that facial expressions all viewing conditions. Sadness, Happiness and Anger were all

would not be visible (see Figure 1). Based on the original eight well communicated, while Fear received low, sometimes tiaga

video recordings a total of 32 (4 emotions x 2 performances x 4 achievement.

conditions) video clips were generated. The duration of the video

clips varied between 30 and 50 s. In order to facilitate comparisons with other results the pro-
Twenty subjects watched the video clips individually and rated portion of correct identifications were calculated by converting

the emotional content on a scale from 0 (nothing) to 6 (very much) the ratings to “forced choice” answers. The conversion was made

for the emotions Fear, Anger, Happiness, and Sadness. The substrictly, meaning that only the answers were the intended emotion

jects were also asked to mark how they perceived the movementsreceived the highest ratings were considered as “correctly” iden-

The ratings were done on bipolar scales (from 0 to 6) for the cues: tified. The proportion of correct identifications for each intended

Amount: none - large emotion are indicated by the small black squares above each bar
Speed: fast - slow in Figure 2. The proportion of correct responses follow the same
Fluency: jerky - smooth pattern as achievement, with the highest values for the intention
Distribution: uneven - even Sadness (95 % correct), followed by Anger, Happiness, and Fear.

Despite the fact that the responses where the intended emotion
was rated equal to another emotion were treated as “incorrect”,
the correct identifications are well above chance level (25 %) in

most cases.

3. RESULTS

3.1. Measure of achievement

From the emotion ratings a measure of how well the intended
emotion was communicated to the listener was computed. The
achievementvas defined as the similarity between tinéended

(x) and therated (y) emotion, for each video presentation. Both
x andy are vectors that consist of four numbers representing Fear
(F), Anger (A), Happiness (H), and Sadness (S). For the intended 077
emotion Happyx = [F A H S] = [0 0 1 0] and the maximum 067

1.0 q
0.9 4
0.8 4

achievement would be for a ratingpf= [F A H S] = [00 6 0]. E °°]
The achievementi(x, y) for a specific presentation is defined as 3 ™7
g 0.3
. ©
intention  rating c 027
11 — £ ']
Alx,y) = Cn (x: =) (yi —7) 00
n i=1 011 Happiness Sadness Anger Fea

wherex andy are arrays of size (in our caser = 4), andz andy 02 ntent

are the mean values across each arfais a normalization factor -03-

to make the “ideal” achievement equal to 1. In this case, given that
x can only take the values 0 and 1, andan be integer values be- ~ Figure 2: Mean achievement for the four intended emotions and
tween 0 and 6C' = 1.125. A negative achievement value would Viewing conditions averaged across the first and second perfor-
mean that the intended emotion is confused with other emotions,mance of each intended emotion. Each bar shows the mean
and zero is obtained when all possible emotions are ranked equalachievement for one emotion and viewing condition, full (horizon-
We assume that an achievement significantly larger than zero im-tally striped), nohands (white), torso (grey), and head (diagonally
plies that the communication of emotional intent was successful. striped), averaged across 20 subjects and two performances. The
In practice, the achievement measure is the same as the averag@Tor bars indicate 95 % confidence interval. Performances with
of the covariance between the intended and rated emotion for eacithe intentions Happiness, Sadness, and Anger received ratings in
presented video clip, with a normalization factor included. correspondence with the intention, while the Fearful performances
Figure 2 shows the mean achievement for all eight perfor- Were hardly recognized at all. Above each bar a small black square
mances presented according to intended emotion, viewing condi-indicate the relative proportion of correctly identifications, as cal-
tion and performance. The 95 % confidence intervals are indicatedculated from the highest rated emotion for each stimulus response.
by the vertical error bars. The figure illustrates that the player was
able to convey most of the intended emotions to the observers in
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3.2. Influence of viewing conditions and emotions amount speed fluency distrib.
Happiness 0.40 -0.27 -0.15 -0.12
Sadness 0.32 0.60 0.50 0.38
Anger 0.31 -0.48 -0.54 -0.44
Fear -0.24 -0.01 -0.13 -0.11

To reveal the importance of the differences between the intended
emotions and viewing conditions, the achievement measures were
subjected to a 4 conditions x 4 emotions x 2 performances re-
peated measures ANOVA. The analysis showed main effects for

intended emotioF'(3,57) = 33.65,p < 0.0001], and viewing ) . .
conditions[F(3,57) = 9.54,p < 0.0001], and significant re- Table 1:Correlations between rated emotions and rated movement

cues. All correlations, except between Fear and speed, were sta-
tistically significant < 0.01, N = 603).

sults for the two-way interactions: viewing condition x emotion
[F(9,171) = 4.46,p < 0.0001], and emotion x performance
[F(3,57) = 2.86,p < 0.03].

Although the main effect of viewing condition was significant,

the effect was surprisingly small, see Figure 2. Initially one would Anger, the cue ratings are closely clustered. Again, thd keams

: p - to play a special role. When a rating stands out from the other
hypothesize that seeing more of the player would providetie viewing conditions it is either for the head or for the torso. Since

server with more detailed information about the intention. The the latter is the only condition where the head is not visible, it can
achievement values would then be ordered from high to low for . ) !
the three conditions full, nohands and head, and similarly for full, in fact also be related to the head's movements.
nohands and torso. Such a “staircase” relation between the view-
ing conditions was only observed for the intention Anger. 4. DISCUSSION
The significant interaction between emotion and viewing con- ) ) )
dition seems to be due to differences in the Sad and Angry inten- The results show that the four intended emotions were communi-
tion. For the Sad intention the head seems to be of highest im-cated successfully, Wlth the exception of Fear. The most success-
portance in perceiving the intended expression. All the conditions fully conveyed emotion seems to be Sadness. )
where the head is visible (full, nohands, and head) received high ~ While there generally were surprisingly small differences be-
ratings for Sadness with mean achievements from 0.57 to 0.64,iween viewing conditions, the head seemed to be very important
while torso rated a much lower mean achievement of 0.32. For for correctly identifying the Sad intention. The only viewing con-
Anger, the full condition received the highest Anger ratings, while dition where the head was not visible, torso, received much lower
the conditions torso and head seem less successful in conveying>@dness ratings than the other conditions for both performances
the intention, particularly in the first performance. with the Sad intention. Our visual inspections of the stimuli clips
Overall, the mean achievements proved to be very similar for Fevealed no extraordinary features in the movement of the head,
the player's two performances of each intention. The intention Put for the Sad performances there do seem to be less and slower
Fear was rated as other emotions to a higher extent in the secondnovements in the vertical direction compared to the other inten-

performance, resulting in negative achievement. tions. )
Our results for the ratings of movement cues resemble the cues

used by young children in the study by Boone and Cunningham
[8]. They reported that the children used more force and rotation
Figure 3 shows the mean ratings of the movement cues for eachand a higher tempo when portraying Happiness and Anger than
intended emotion. The different movement cues; Amount (none they did for Sadness and Fear. Their cues force and rotation cor-
- large), Speed (fast - slow), Fluency (jerky - smooth) and Dis- respond well to our cues for amount of movement and speed. The
tribution (uneven - even), received different ratings depending on children also used fewer shifts in movement patterns for Sadness
whether the intended expression was Happy, Sad, Angry, or Fear.than for the other emotions, Something that bears similarities to
ful. Note that high ratings correspond to large amounts of move- our cues for fluency and distribution.
ment, slow speed, smooth fluency, and even distribution, while ~ There is also a strong resemblance between these movement
low ratings correspond to small amounts of movement, fast speed,cues and the audio cues used in expressive music performances.
jerky fluency, and uneven distribution. The most evident connection seem to be between movement speed
The intentions Happiness and Anger obtained similar rating @hd musical tempo, but also the similarities between amount of
patterns. Both Anger and Happiness seem to display large move-movement and sound level, or fluency and articulation, seem clear.
ments, but the Angry performances are somewhat faster and jerkier
compared to the Happy performances. In contrast the ratings for 5. CONCLUSIONS
the Sad performances display small, slow, smooth and even move-
ments. The ratings for Fear are less clear-cut, but tend to be someOur results show that the intentions Sadness, Happiness, and Anger
what small, fast, and jerky. A similar pattern was found when in- were conveyed through musician’s movements only, while Fear
vestigating how the subjects related the emotions to theemewt was not. The identification of the intended emotion was only
cues. The correlation between the rated emotions and the ratingslightly influenced by the viewing condition, although in some
of movement cues is shown in Table 1. According to the table, cases the head was important.
Anger is associated with large, fast, uneven, and jerky movements;  The movement cues used in the communication have similar-
Happy with large and somewhat fast movements, Sadness withities to the cues found for audio signals in music performance.
small, slow, even and smooth movements, and Fear with somewhat\nger was characterized by large, fast, uneven, and jerky move-
small, jerky and uneven movements. However, since the commu-ments; Happy by large and somewhat fast movements, Sadness by
nication of Fear failed, its characterization is questionable. small, slow, even and smooth movements. Further research could
Differences in cue ratings for different viewing conditions were, reveal whether the movement cues reported here would apply also
in general, small. For the intentions Happy and Sad and partly for for other performers and instruments.

3.3. Movement cues

601



Proceedings of the Stockholm Music Acoustics Conference, August 6-9, 2003 (SMAC 03), Stockholm, Sweden

HAPPY INTENTION

SAD INTENTION

- v head vy head
distribution A torso distribution A torso
uneven- — ® nohands|€ven uneven4 = ® nohands|even
m full m full
fluency
fluency
——y—— . —
jerky4 e — smooth  jerky- == smooth
speed speed
fast{ e I fast{ ey |
as —— slow as g slow
amount amount
4 [ e 1 e
none [ = large none I large
0 1 2 3 5 6 0 1 2 3 4 5 6
mean rating mean rating
ANGRY INTENTION SCARED INTENTION
distribution I head distribution I :]:r:g
: A torso even  unevenq ——A— even
uneven ® nohands - ® nohands
m full m full
fluency fluency
. —v— v
jerky M smooth  jerky —a—, A smooth
speed speed
—— —y—
fast] T—t— slow fast{ ’_ﬁv.—1’7A4 slow
amount amount
"l [ — A A Y
none ——e—o large none: e large
0 1 2 3 5 6 0 1 3 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 the
symbols: full (square), nohands (circle), torso (pyramid), and head (top-down triangle). The error bars indicate 95 % confidence interval.
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