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‘ Abstract |

Brief (5s) segments from polyphonic keyboard works by
Johann Sebastian Bach were chosen to represent condi-
tions of one, two, three, or four concurrent musical voices
present—the voice numerosity. Participants (n=25) rated
each for perceived happiness, sadness, loneliness, and
pride using a computerized slider interface. Listeners are
more likely to perceive loneliness in excerpts with lower
voice numerosity, suggesting an important role for auditory
stream segregation in influencing emotional responses to
music. Additionally, voice numerosity seems to impact per-
ceptions of social emotions more strongly than nonsocial
emotions, suggesting that cognitive awareness of individ-
ual musical ‘entities’ might play a role in musical emotion.

| The Experiment |

Aim. Test the hypothesis that stream segregation is impor-
tant to social musical emotion perception. Specifically:

e Test whether loneliness perception ratings would be
higher when voice numerosity is lower.

e Explore the relationship between voice numerosity and
perception of nonsocial emotions (sadness and happi-
ness) versus social emotions (loneliness, pride).

Stimuli

¢ 36 five-second excerpts from J.S.Bach’s Well-Tempered
Clavier, representing conditions of 1—4 concurrent voices
for each of nine fugues.

e Seven minor-mode fugues (28 stimuli) were chosen for
analysis ; two major-mode fugues (8 stimuli) were In-
cluded to provide constrast.

e Excerpts were taken from fugue expositions to control for
motivic content and tempo.
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Method

e 25 OSU School of Music students rated fully randomized
excerpts for perceived sadness, happiness, loneliness,
and pride for course credit.

e All 144 stimulus/emotion combinations were presented,
followed by 72 randomly-selected stimulus/emotion pairs
In a second block, for a total of 216 ratings.

| Background |

Stream Segregation in Music

In order for voice numerosity to impact emotion judgments,
the auditory system must construct precepts from raw
acoustic information in a process known as auditory stream
segregation [1]. Stream segregation is regularly employed
when listening to polyphonic music. Previous studies have
indicated that listeners are generally successful in report-
ing voice numerosity for textures with one or two voices, but
error rates rise markedly for textures of three, four or more
voices [2].
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Figure 1: Unrecognized voice entries for Bach’s "St. Anne”
Fugue. Entry of the first voice was always detected, while
entry of the fourth voice was considerably more difficult than
the third. Reprinted from Huron (1989).

If perception a of social musical emotion—Iloneliness— is
influenced by voice numerosity in a way consistent with
voice denumerabllity limitations, this would be consistent
with the hypothesis that stream segregation can play an im-
portant role in musical emotion.

Loneliness—Numerosity Effect

Median Loneliness Ratings, 5s Fugue Excerpts
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Figure 2: Perceived Loneliness Ratings for Minor-Mode
Fugue Excerpts. Wilcoxan signed rank tests indicate sta-
tistically significant differences between numerosity levels
1, 2, and 3.

Results

e Median loneliness ratings for all seven minor fugues de-
crease as voice numerosity increases, consistent with the
hypothesis that loneliness perception is enhanced when
few voices are present.

e Wilcoxan signed-rank tests on medians show statistical
significance between one— and two—voice levels and be-
tween two— and three—voice levels (VV = 12313.5, p < .001;
V = 10476.5, p < .001), but not between three— and four—
voice levels.

e Three voices is the numerosity level as which loneliness
ratings change substantially.

Referring back to Figure 1, three concurrent voices seems
to represent a ‘'maximum processing capacity’ for stream
segregation. Comparison to our results suggests that
stream denumeration itself might play a role in loneliness
perception.

‘ Slider Interface Performance |

An unlabled computer-based slider interface was used
to collect responses in an attempt to collect continuous
(nondiscrete) data.

Each slider appeared on a new screen with a control bar in
the center and labeled only at its edges: on the left as "Not
At All [emotion]” and on the right as "Very [emotion]”. When
making ratings, participants often left the slider in its initial
centered position to indicate uncertainty or ambivalence, or
moved it to an extreme for strong ratings: the approach was
partially categorical.
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Figure 3: 7-bin and 70-bin histograms of slider-based rat-
Ing data, all stimuli combined. Note peaks in the center and
at the extremes.

Under the continuous interpretation, retest correlation for
all subjects and trials was 0.617, (n = 1776). However, since
the data was nonnormal, we used the sample median for
analysis.

‘ Social-Nonsocial Emotion Effect |

Median Ratings by Emotion, Minor Fugues Only
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Figure 4: (a) Plot of median emotion ratings for social emo-
tions (dotted lines) and nonsocial emotions (solid lines). (b)
Boxplots of Perceived Emotion Ratings. Each box repre-
sents the region between the first and third quartiles (25%
to 75%), with the median rating indicated by a dark bar.

Results

e Wilcoxan Signed-Rank tests show statistically significant
differences between loneliness and sadness ratings for
numerosities three (V' = 5476.5, p < .005) and four
(V = 5710.5, p = 0.02), but not one and two.

e The mirror-image correpondence between negatively va-
lenced and positively valenced emotion pairs respresents
a social/nonsocial interaction with numerosity.

e An unexpected general decrease in emotion ratings be-
tween numerosities 1 and 4 was observed for all emo-
tions.

| Emotional Content of Individual Fugues |

Median Emotion Ratings by Source Fugue
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‘ Conclusions and Discussion |

e There appears to be a voice numerosity effect on emotion
perception which interacts with social/nonsocial emotion

types.

e Three voices seem to represent a maximum level for nu-
merosity’s impact on social emotion perception, which
suggests stream segregation limitations as a cause.

e Caveats: Slider-based data was nonnormal. Possible de-
mand characteristic for emotion group effects.
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