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Session 1 : 9:00 - 10:30 am 

Welcome and Introduction 
D. Reichardt 
 
A computational model of emotional alignment 
O.Damm, K. Malchus, F. Hegel, P. Jaecks, P. Stenneken, B. Wrede, and M. Hielscher-
Fastabend 
 
CoVE: Coping in Virtual Emergencies 
C. Becker-Asano, D. Sun, B. Kleim, C. Scheel, B. Tuschen-Caffie 
 

 
Session 2 : 11:00 - 12:30 pm 
 
Topic and Emotion Classification of Customer Surveys 
D. Suendermann, J. Liscombe, J. Bloom, R. Pieraccini 
 
Acoustic analysis of politeness and efficiency in a cooperative time-sensitive task 
M. Charfuelan, P. M. Brunet 
 
Multidimensional meaning annotation of listener vocalizations for synthesis 
S. Pammi, M. Schroeder, and M. Charfuelan 
 

 
Session 3 : 14:00 - 15:30 pm  
Discussion on "Applications of Emotional Computing" and Demo 
 
An experimental triangulative research design for analyzing consumer behavior (Demo) 
Y.Zajontz, V.Kollmann, M.Kuhn, D.Reichardt 

 

www.emotion-and-computing.de 
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lay
ers:

T
h
e
fi
rst

layer
co
m
-

p
rises

th
e
au

to
m
a
tic

em
o
tio

n
a
l
alig

n
m
en
t,

th
e
seco

n
d
layer

th
e
m
o
re

sch
em

a
tic

em
o
tio

n
a
l
a
lig

n
m
en
t
a
n
d
th
e
th
ird

lay
er

th
e
co
n
cep

tu
a
l
em

o
tio

n
a
l
a
lig

n
m
en
t.

B
a
sed

o
n
th
ese

levels
w
e
a
re

a
b
le

to
d
escrib

e
th
e
fu
n
ctio

n
s
o
f
em

o
tio

n
ex
p
res-

sio
n
s
in

h
u
m
a
n
-ro

b
o
t
in
tera

ctio
n
a
n
d
th
eir

u
n
d
erly

in
g
p
ro
cesses.

It
is
im

p
o
rta

n
t

to
n
o
te

th
a
t
th
e
d
iff
eren

t
layers

d
o
n
o
t
rep

resen
t
d
iff
eren

t
ca
teg

o
ries

o
f
em

o
tio

n
s

(e.g
.
p
rim

a
ry

em
o
tio

n
s
v
s.

seco
n
d
a
ry

em
o
tio

n
s).

O
u
r
m
o
d
el

p
resen

ts
a
d
istin

c-
tio

n
b
etw

een
a
u
to
m
a
tic,

sch
em

a
tic

a
n
d
co
n
cep

tu
a
l
em

o
tio

n
a
l
a
d
a
p
tive

rea
ctio

n
s

(=
a
lig

n
m
en
t)

to
th
e
in
tera

ctio
n
p
a
rtn

er.
W

h
ile

it
is

still
u
n
d
er

d
eb

a
te

if
th
ese

m
ech

a
n
ism

s
a
re

d
istin

ct
a
ltern

a
tives

in
h
u
m
a
n
-h
u
m
a
n
in
tera

ctio
n
,
w
e
su
p
p
o
se

o
u
r
layer

m
o
d
el

of
em

o
tio

n
a
l
a
lig

n
m
en
t
to

b
e
h
ig
h
ly

releva
n
t
an

d
h
elp

fu
l
in

d
esig

n
in
g
h
u
m
a
n
-ro

b
o
t
co
m
m
u
n
ica

tio
n

[6
].

In
th
e
fo
llow

in
g
w
e
in
tro

d
u
ce

th
e

co
m
p
u
ta
tio

n
a
l
m
o
d
el

b
a
sed

o
n
th
is
layer

m
o
d
el

a
n
d
d
escrib

e
th
e
d
iff
eren

t
layers

in
d
eta

il.

4
C
o
m
p
u
ta
tio

n
a
l
M

o
d
e
l
o
f
e
m
o
tio

n
a
l
A
lig

n
m
e
n
t

D
evelo

p
in
g
a
co
m
p
u
ta
tio

n
a
l
m
o
d
el

o
f
em

o
tio

n
a
l
alig

n
m
en
t
req

u
ires

b
u
ild

in
g
a

sy
stem

w
h
ich

is
ab

le
to

p
ro
d
u
ce

th
e
sim

ila
r
p
h
en

o
m
en

a
th
a
t
ca
n
b
e
ob

serv
ed

in
h
u
m
a
n
-h
u
m
a
n
in
tera

ctio
n
.
S
u
ch

p
h
en
o
m
en
a
m
ig
h
t
b
e
m
im

ick
in
g
an

em
o
tio

n
a
l

ex
p
ressio

n
,
em

o
tio

n
a
l
co
n
ta
g
io
n
o
r
em

p
a
th
y.

In
th
e
fo
llow

in
g
sectio

n
w
e
d
escrib

e
a
co
m
p
u
ta
tio

n
a
l
ap

p
ro
a
ch

to
im

p
lem

en
t
th
e

p
ro
p
o
sed

layer
m
o
d
el

o
f
em

o
tio

n
a
l
alig

n
m
en
t
on

a
ro
b
otic

p
la
tfo

rm
.
A
cco

rd
in
g

to
th
e
th
eo
retica

l
m
o
d
el,

th
e
co
m
p
u
ta
tio

n
a
l
m
o
d
el

(fi
g
.
2
)
ca
n
b
e
sp
lit

in
to

th
ree

levels
o
f
co
m
p
u
ta
tio

n
a
l
co
m
p
lex

ity.
In

th
e
fo
llow

in
g
sectio

n
s,

th
e
m
a
in

co
m
p
o
-

n
en
ts

of
th
e
p
ro
p
o
sed

m
o
d
el

w
ill

b
e
d
escrib

ed
in

d
eta

il.
T
h
erea

fter
th
e
levels

of
p
ro
cessin

g
w
ill

b
e
sp
ecifi

ed
.

P
ercep

tio
n
a
n
d
E
xp
ressio

n
o
f
em

o
tio

n
a
l
S
tim

u
li

In
h
u
m
a
n
-co

m
p
u
ter

in
tera

ctio
n
it
is
u
sefu

l
to

g
et

v
isu

a
l
as

w
ell

as
au

d
ito

ry
in
p
u
t

to
a
n
a
ly
ze

th
e
g
iven

situ
a
tio

n
a
n
d
rea

ct
in

a
n
a
p
p
ro
p
ria

te
m
a
n
n
er.

T
h
e
in
p
u
t

co
m
p
o
n
en
t
(fi
g
.
2,

b
ox

1
)
o
f
th
e
sy
stem

ta
kes

d
iff
eren

t
in
p
u
t-so

u
rces

in
to

a
c-

co
u
n
t.

T
h
e
m
o
d
el

u
ses

a
m
u
lti-m

o
d
a
l
ap

p
ro
a
ch

to
co
m
p
u
te

th
e
em

o
tio

n
.
It

is
n
o
t
restricted

to
th
e
in
feren

ce
of

on
ly

on
e
ch
a
n
n
el

(e.g
.
o
n
ly

fa
cia

l
ex
p
ressio

n
s)

b
u
t
ra
th
er

u
ses

a
b
ro
a
d
er

sp
ectru

m
of

in
fo
rm

a
tio

n
an

d
a
p
p
lies

d
iff
eren

t
tech

-
n
iq
u
es,

su
ch

a
s
sp
eech

p
ro
cessin

g
a
n
d
p
a
ttern

reco
g
n
itio

n
,
to

m
a
ke

a
n
in
feren

ce
fro

m
th
is
d
a
ta
.
B
eca

u
se

an
y
g
iven

sen
so
r
w
ill

h
ave

vario
u
s
p
ro
b
lem

s
w
ith

sig
n
a
l

n
o
ise

an
d
relia

b
ility,

a
n
d
a
sin

g
le

sig
n
a
l
w
ill

co
n
ta
in

lim
ited

in
fo
rm

a
tio

n
ab

ou
t

em
o
tio

n
,
th
e
u
se

o
f
m
u
ltip

le
sen

so
rs

sh
o
u
ld

also
im

p
rove

ro
b
u
stn

ess
a
n
d
accu

ra
cy

o
f
in
feren

ce.
T
h
e
p
ro
m
isin

g
a
p
p
ro
a
ch

seem
s
to

b
e
th
e
co
m
b
in
a
tio

n
of

reco
g
n
itio

n
o
f
em

o
tio

n
a
l
fea

tu
res

fro
m

vo
ice

(e.g
.
[2
2
])
an

d
th
e
an

a
ly
sis

of
fa
cia

l
ex
p
ressio

n
s

(e.g
.
[1
7
]).

R
ecogn

itio
n
o
f
C
o
n
text

A
cco

rd
in
g
to

ou
r
m
o
d
el

of
in
terp

erso
n
a
l
em

o
tio

n
s
it
is
in
d
isp

en
sa
b
le

to
ta
ke

th
e

w
h
o
le

situ
a
tio

n
o
r
even

p
a
rts

of
it
in
to

acco
u
n
t
an

d
ex
tra

ct
th
e
relevan

t
fea

tu
res

fo
r
th
e
cu

rren
t
in
tera

ctio
n
.
In

a
n
a
tu
ra
l
in
tera

ctio
n

fa
cto

rs
lik

e
th
e
ex
p
ected

rea
ctio

n
o
f
th
e
in
terlo

cu
to
r
(co

n
g
ru
en
t/
in
co
n
g
ru
en
t
w
ith

th
e
ex
p
ecta

tio
n
),

th
e

h
u
m
a
n

rela
tio

n
(p
riva

te/
o
ccu

p
a
tio

n
a
l)

or
th
e
sy
m
p
a
th
y
fo
r
ea
ch

oth
er

d
eter-

m
in
es

th
e
situ

a
tio

n
a
l
co
n
tex

t.
T
h
is
co
n
tex

t
(fi
g
.
2,

b
ox

2
)
is
d
iv
id
ed

in
to

a
n
ex
tern

a
l
p
a
rt

a
n
d
an

in
tern

a
l
p
a
rt,

w
h
ich

is
a
situ

a
tio

n
a
l
m
em

o
ry

of
th
e
ro
b
ot.

T
h
e
in
tern

a
l
situ

a
tio

n
a
l
k
n
ow

led
g
e

is
n
ecessa

ry
fo
r
severa

l
rea

so
n
s,
e.g

.
fo
r
th
e
fo
rm

a
tio

n
of

ex
p
ecta

tio
n
s
d
u
rin

g
an

in
tera

ctio
n
or

to
m
o
d
el

th
e
essen

tia
l
b
a
ck
g
ro
u
n
d
k
n
ow

led
g
e
ab

ou
t
th
e
cu

rren
t
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F
ig
.
2
.
T
h
e
p
ro
p
o
sed

co
m
p
u
ta
tio

n
a
l
m
o
d
el

fo
r
em

o
tio

n
a
l
a
lig

n
m
en
t.

a
p
p
lica

tio
n
.

T
h
e
ex
tern

a
l
p
a
rt

o
f
th
e
co
n
tex

t
m
o
d
els

th
e
su
rro

u
n
d
in
g
s
releva

n
t
to

th
e
ro
b
o
t.

T
h
a
t
is,

th
e
cu

rren
t
in
terlo

cu
to
r
a
n
d
a
ll
v
isu

a
l
a
n
d
a
u
d
ito

ry
stim

u
li
a
re

p
a
rt

o
f

th
e
situ

a
tio

n
a
l
co
n
tex

t.
A
ll
o
f
th
ese

o
b
jects

a
n
d
ev
en
ts

m
ay

in
fl
u
en

ce
th
e
ro
b
ot,

th
e
k
in
d
of

rea
ctio

n
as

w
ell

as
th
e
level

of
p
ro
cessin

g
.

T
h
e
reco

g
n
itio

n
a
n
d
eva

lu
a
tio

n
o
f
th
e
co
n
tex

t
is

m
a
in
ly

d
ep

en
d
en
t
o
n
th
e
cu
r-

ren
t
ta
sk
.
T
h
e
releva

n
t
fa
cto

rs
in

a
sto

ry
tellin

g
-situ

a
tio

n
m
ay

d
iff
er

fro
m

th
o
se

in
a
ch
ild

-p
a
ren

t
situ

a
tio

n
.
In

th
e
sto

ry
tellin

g
-situ

a
tio

n
,
a
sm

ile
o
f
th
e
in
terlo

cu
to
r

ca
n
b
e
rela

ted
to

a
fu
n
n
y
p
a
rt

o
f
th
e
sto

ry,
b
u
t
it

ca
n
a
lso

b
e
th
e
rea

ctio
n
to

th
e
ro
b
o
ts

ex
p
ressio

n
.
S
o
th
e
rea

so
n
o
f
th
e
sm

ile
m
ay

d
iff
er:

It
ca
n
co
n
v
ey

a
n

em
o
tio

n
o
f
th
e
teller

o
r
m
irro

r
th
e
o
b
served

sm
ile.

In
th
e
p
a
ren

t-ch
ild

in
tera

ctio
n
,
a
p
a
ren

t
m
ay

sm
ile

a
fter

a
ch
ild

h
a
s
su
cceed

ed
a
t
a
d
iffi

cu
lt
ta
sk
.
E
ven

so
,
th
ere

ca
n
b
e
a
p
a
ren

ts
sm

ile
a
fter

th
e
ch
ild

h
a
s
fa
iled

a
t
th
a
t
ta
sk
.
T
h
e
m
essa

g
e
o
f
th
ese

sm
iles

d
iff
er.

In
o
n
e
ca
se,

th
e
sm

ile
ca
n
b
e
an

ex
p
ressio

n
o
f
h
a
p
p
in
ess

a
n
d
p
rid

e;
in

th
e
o
th
er

ca
se

th
e
sm

ile
ca
n
b
e
seen

a
s
an

en
co
u
ra
g
in
g
sig

n
a
l
([1

]).
W

ith
reg

a
rd

to
th
e
im

p
o
rta

n
ce

a
n
d
th
e
co
m
p
lex

ity
o
f
th
e
co
n
tex

t,
th
e
reco

g
n
i-

tio
n
o
f
th
e
co
n
tex

t
in
fl
u
en

ces
em

o
tio

n
a
l
a
lig

n
m
en
t
o
n
every

level.
In

th
is
w
ay

th
e

situ
a
tio

n
a
l
co
n
tex

t
is

a
lso

in
vo
lved

in
th
e
d
ecisio

n
o
n
w
h
ich

level
th
e
em

o
tio

n
a
l

a
lig

n
m
en
t
o
ccu

rs.

In
tern

a
l
M
od
el

o
f
E
m
o
tio

n
s

A
rtifi

cia
l
em

o
tio

n
s
in

a
ro
b
o
tic

sy
stem

ca
n
fu
lfi
ll
severa

l
co
n
d
itio

n
s,

b
eg
in
n
in
g

w
ith

th
e
co
m
p
u
ta
tio

n
o
f
fa
cia

l
ex
p
ressio

n
s
u
p
to

in
fl
u
en

cin
g
th
e
w
h
o
le

b
eh

av
io
r.

In
o
u
r
in
terp

erso
n
a
l
m
o
d
el

th
e
em

o
tio

n
a
l
sta

te
(fi
g
.
2
,
b
ox

1
1
)
is

fi
rst

a
n
d
fo
re-

m
o
st

im
p
orta

n
t
fo
r
th
e
co
n
cep

tu
a
l
level

of
em

o
tio

n
a
l
a
lig

n
m
en
t.
A
cco

rd
in
g
to

th
e

in
ten

d
ed

p
u
rp
ose,

th
e
em

o
tio

n
a
l
sta

te
is

m
a
in
ly

in
fl
u
en

ced
b
y
th
e
ap

p
ercep

tio
n

p
ro
cess

o
f
th
e
co
n
cep

tu
a
l
layer.

In
a
d
d
itio

n
a
feed

b
a
ck

fro
m

o
u
tp
u
t
g
en
era

tio
n

w
ill

en
a
b
le

a
sy
n
th
esized

u
ttera

n
ce

to
in
fl
u
en

ce
th
e
in
tern

a
l
em

o
tio

n
a
l
sta

te.
A
cco

rd
in
g
to

severa
l
fi
n
d
in
g
s,
fa
cia

l
feed

b
a
ck

in
fl
u
en
ces

th
e
ow

n
ex
p
erien

ce
o
f
a
n

em
o
tio

n
[1
9
].
T
h
e
lin

k
b
etw

een
o
u
tp
u
t
gen

era
tio

n
(fi
g
.
2
,
b
ox

6)
an

d
em

o
tio

n
a
l

sta
te

(fi
g
.
2
,
b
ox

1
1
)
rea

lizes
a
k
in
d
of

fa
cia

l
feed

b
a
ck
.
B
y
lin

k
in
g
th
e
p
ro
cess

to
th
e
em

o
tio

n
a
l
sta

te,
a
sy
n
th
esized

em
o
tio

n
ca
n
in
fl
u
en

ce
th
e
in
tern

a
l
sta

te
o
f

th
e
ro
b
o
t.

L
a
yers

o
f
P
rocessin

g
A
s
a
fo
rem

en
tio

n
ed

th
e
p
ro
cessin

g
o
f
th
e
em

o
tio

n
a
l
feed

b
a
ck

m
ay

o
ccu

r
on

severa
l

layers
o
f
co
m
p
lex

ity.
T
h
e
ch
o
ice

of
th
e
level

d
ep

en
d
s
o
n
th
e
level

o
f
u
n
d
ersta

n
d
in
g

a
n
d
th
e
n
ecessity,

i.e.
in

ca
se

of
n
o
n
-u
n
d
ersta

n
d
in
g
o
n
ly

th
e
level

o
f
a
u
to
m
a
t-

ica
lly

em
o
tio

n
a
l
alig

n
m
en
t
ca
n
b
e
rea

ch
ed

.
O
n
th
e
low

est
level

th
e
p
ro
cessin

g
is

lim
ited

to
percep

tio
n

(fi
g
.
2
,
b
ox

4)
of

an
em

o
tio

n
a
n
d
th
e
co
p
y
p
rocess

(fi
g
.

2
,
b
ox

5).
T
h
e
m
id
d
le

level,
n
a
m
ed

recogn
itio

n
(fi
g
.
2
,
b
ox

7)
an

d
co
n
ta
gio

n
a
l

p
rocess

(fi
g
.
2
,
b
ox

8),
u
ses

th
e
fea

tu
res

p
rev

io
u
sly

ex
tra

cted
b
y
th
e
u
n
d
erly

in
g

level
to

co
m
p
u
te

a
h
y
p
oth

esis
w
ith

resp
ect

to
th
e
ob

served
ex
p
ressio

n
.
T
h
e
th
ird

level,
th
e
a
p
percep

tio
n
(fi
g
.
2
,
b
ox

9)
an

d
th
e
a
d
a
p
ta
tio

n
p
rocess

(fi
g
.
2
,
b
ox

1
0
),

is
th
e
to
p
-level

p
ro
cess.

In
th
e
fo
llow

in
g
p
a
ra
g
ra
p
h
s
w
e
d
escrib

e
h
ow

th
e
th
ree

levels
p
ro
cess

a
given

stim
u
lu
s
a
n
d
p
ro
d
u
ce

an
em

o
tio

n
a
l
rea

ctio
n
.

L
evel

1
:
A
u
to
m
a
tic

E
m
o
tio

n
a
l
A
lign

m
en

t
O
n
th
e
low

est
level

th
e
p
ro
cessin

g
is
lim

ited
to

percep
tio

n
o
f
a
n
em

o
tio

n
an

d
th
e

co
p
y
p
rocess

w
ith

o
u
t
a
cla

ssifi
ca
tio

n
of

th
e
em

o
tio

n
.
T
h
is
m
ea
n
s
th
a
t
th
e
v
isu

a
l

a
n
d
au

d
ito

ry
in
fo
rm

a
tio

n
w
ill

b
e
ca
p
tu
red

a
n
d
an

a
ly
zed

o
n
th
e
sig

n
a
l
p
ro
cessin

g
level.
A
cco

rd
in
g
to

ou
r
m
o
d
el

a
g
iven

stim
u
lu
s
w
ill

ta
k
e
a
ro
u
te

sta
rtin

g
fro

m
percep

-
tio

n
(fi
g
.
2
,
b
ox

4).
In

th
is

co
m
p
o
n
en
t,

th
e
p
resen

ted
stim

u
lu
s
w
ill

b
e
a
n
a
ly
zed

o
n
a
level

o
f
sig

n
a
l
p
ro
cessin

g
.
T
h
e
g
a
in
ed

fea
tu
res

are
p
rov

id
ed

to
th
e
fo
llow

-
in
g
co
m
p
on

en
t
(fi
g
.
2
,
b
ox

5).
D
ep

en
d
in
g
o
n
th
e
m
o
d
a
lity

of
th
e
stim

u
lu
s,

th
is

p
ro
cess

m
a
p
s
th
e
received

fea
tu
res

in
to

m
o
to
r-co

m
m
a
n
d
s
o
r
p
ro
so
d
ic

fea
tu
res

o
f
th
e
em

o
tio

n
a
l
d
isp

lay.
W

ith
th
is

m
a
p
p
in
g
th
e
n
ex
t
co
m
p
on

en
t
(fi
g
.
2
,
b
ox

6)
w
ill

b
e
a
b
le

to
sy
n
th
esize

a
n
em

o
tio

n
a
l
u
ttera

n
ce

w
ith

sim
ila

r
or

ev
en

p
erh

a
p
s

th
e
sa
m
e
em

o
tio

n
a
l
fea

tu
re

as
th
e
p
erceived

.
O
n
th
is
level

th
e
m
o
d
u
le

of
co
n
tex

t
reco

g
n
itio

n
(fi
g
.
2,

b
ox

2
)
m
ay

in
fl
u
en

ce
th
e
w
ay

an
d
th
e
freq

u
en

cy
o
f
a
u
to
m
a
tic

a
d
a
p
ta
tio

n
o
f
em

o
tio

n
a
l
ex
p
ressio

n
s.

L
evel

2
:
S
ch
em

a
tic

E
m
o
tio

n
a
l
A
lign

m
en

t
T
h
e
seco

n
d

lev
el

of
em

o
tio

n
a
l
a
lig

n
m
en
t
p
ro
cessin

g
b
u
ild

s
on

th
e
a
u
to
m
a
tic

level.
B
u
t,

sch
em

a
tic

em
o
tio

n
a
l
a
lig

n
m
en
t
u
ses

th
e
p
erceived

m
o
to
r
m
ovem

en
ts

to
reco

g
n
ize

th
e
o
b
served

em
o
tio

n
b
y
a
n
a
ly
zin

g
its

d
istin

ct
fea

tu
res

(e.g
.
v
i-



su
a
l
o
r
p
ro
so
d
ic

cu
es)(fi

g
.
2
,
b
ox

7
).

In
th
e
fo
llow

in
g

co
n
ta
gio

n
a
l
p
rocessin

g
th
e
releva

n
t
em

o
tio

n
a
l
ex
p
ressio

n
is

ch
o
sen

(fi
g
.
2
,
b
ox

8
)
a
n
d
in
fo
rm

a
tio

n
fo
r

o
u
tp
u
t
g
en
era

tio
n
is

tra
n
sferred

to
(fi
g
.
2
,
b
ox

6
),

w
h
ere

a
m
o
to
r
p
ro
g
ra
m

p
ro
-

d
u
ces

a
n
em

o
tio

n
a
lly

a
lig

n
ed

o
u
tp
u
t
o
n
a
ll
releva

n
t
ch
a
n
n
els.

W
ith

resp
ect

to
a
sto

ry
tellin

g
-situ

a
tio

n
,
th
e
p
ro
cess

ca
n
b
e
d
escrib

ed
a
s
fo
llow

s:
T
h
e
n
a
rra

to
r

rea
d
s
a
p
a
ssa

g
e
to

th
e
ro
b
o
t.

A
t
th
e
sa
m
e
tim

e
h
e
ex
p
resses

a
sp
ecifi

c
em

o
-

tio
n
,
e.g

.
sa
d
n
ess

b
y
a
sa
d
fa
cia

l
ex
p
ressio

n
a
n
d
tea

rs.
T
h
e
w
h
o
le

ex
p
ressio

n
is

p
erceived

b
y
th
e
ro
b
ot,

w
h
ich

co
m
b
in
es

th
e
d
iff
eren

t
fea

tu
res

to
reco

g
n
ize

th
e

co
rrect

em
o
tio

n
.
B
a
sed

o
n
em

o
tio

n
a
l
sch

em
a
,
th
e
so
cia

l
ro
b
o
t
w
ill

th
en

a
lig

n
w
ith

th
e
n
a
rra

to
r.

F
o
r
ex
a
m
p
le,

it
w
ill

sh
ow

sa
d
n
ess

b
y
a
sa
d
fa
cia

l
ex
p
ressio

n
a
n
d
a
n
a
ltered

p
ro
so
d
y,

a
lth

o
u
g
h
th
e
h
u
m
a
n
in
tera

ctio
n
p
a
rtn

er
d
id

n
o
t
sp
ea
k

w
ith

a
sa
d

v
o
ice

b
u
t
ex
p
ressed

h
is

sa
d
n
ess

b
y
tea

rs.
N
everth

eless,
th
e
ro
b
o
t

reco
g
n
izes

th
e
em

o
tio

n
a
n
d
ex
p
resses

it
itself

ex
ceed

in
g
m
im

icry
a
n
d
a
u
to
m
a
tic

em
o
tio

n
a
l
a
lig

n
m
en
t.

L
evel

3
:
C
o
n
cep

tu
a
l
E
m
o
tio

n
a
l
A
lign

m
en

t
T
h
e
th
ird

lay
er

o
f
em

o
tio

n
a
l
a
lig

n
m
en
t
is

th
e
m
o
st

co
m
p
lex

level.
S
im

ila
r
to

th
e
u
n
d
erly

in
g
,
th
is

layer
receives

co
n
tex

tu
a
l
in
fo
rm

a
tio

n
s
a
s
w
ell

a
s
th
e
p
re-

p
ro
cessed

sen
so
ry

in
p
u
t.

O
n
th
is

level
th
e
em

o
tio

n
a
l
in
p
u
t
h
a
s
to

b
e
cla

ssifi
ed

a
n
d
a
n
a
ly
zed

w
ith

reg
a
rd

to
it’s

in
fl
u
en

ce
o
n
th
e
in
tern

a
l
em

o
tio

n
a
l
sta

te
(fi
g
.

2
,
b
ox

1
1
).

T
h
e
th
ird

layer
co
n
sists

o
f
th
e
co
m
p
o
n
en
ts

a
p
percep

tio
n
(fi
g
.
2
,
b
ox

9
)
a
n
d
a
d
a
p
ta
tio

n
p
rocess

(fi
g
.
2
,
b
ox

1
0
).

T
h
e
p
ro
cess

o
f
a
p
p
ercep

tio
n
ca
n
b
e

d
escrib

ed
a
s
a
co
n
scio

u
s
reco

g
n
itio

n
o
f
a
n
p
erceived

em
o
tio

n
w
h
erea

s
th
e
in
p
u
t

o
f
th
e
co
n
text

recogn
itio

n
(fi
g
.
2
,
b
ox

3
)
is

ta
ken

in
to

a
cco

u
n
t.

In
th
e
p
ro
cess

o
f
a
d
a
p
ta
tio

n
(fi
g
.
2
,
b
ox

1
0
)
th
e
ro
b
o
ts

ta
k
es

th
e
ow

n
em

o
tio

n
a
l

sta
te

(fi
g
.
2
,
b
ox

1
1
)
a
s
w
ell

a
s
th
e
resu

lt
o
f
th
e
a
p
p
ercep

tio
n
p
ro
cess

in
to

a
c-

co
u
n
t.
T
h
is

g
en

era
tes

a
n
em

o
tio

n
a
l
resp

o
n
se

to
th
e
g
iven

stim
u
li.

W
ith

resp
ect

to
th
e
sto

ry
tellin

g
-situ

a
tio

n
,
th
e
p
ro
cess

ca
n
b
e
d
escrib

ed
a
s
fo
l-

low
s:

A
s
o
n
th
e
sch

em
a
tic

level
th
e
n
a
rra

to
r
rea

d
s
a
p
a
ssa

g
e
to

th
e
ro
b
o
t
a
n
d

ex
p
resses

a
sp
ecifi

c
em

o
tio

n
,
e.g

.
th
ro
u
g
h
h
is

fa
ce

a
n
d
vo

ice
(fi
g
.
2
,
b
ox

1
).

T
h
e

w
h
o
le

ex
p
ressio

n
is

p
erceived

b
y
th
e
ro
b
o
t
(fi
g
.
2
,
b
ox

4
),

reco
g
n
ized

(fi
g
.
2
,

b
ox

7
)
a
n
d
co
n
scio

u
sly

p
ercep

ted
(fi
g
.
2
,
b
ox

9
).

In
fl
u
en

ced
b
y
th
e
situ

a
tio

n
a
l

co
n
tex

t
a
n
d
th
e
in
tern

a
l
em

o
tio

n
a
l
sta

te,
th
e
so
cia

l
ro
b
o
t
w
ill

th
en

a
lig

n
w
ith

th
e
n
a
rra

to
r.

F
o
r
ex
a
m
p
le,

if
th
e
ro
b
o
t
p
ercep

ts
a
sa
d

fa
cia

l
ex
p
ressio

n
a
n
d

th
e
eva

lu
a
tio

n
o
f
th
e
situ

a
tio

n
a
l
co
n
tex

t
im

p
lies

th
a
t
th
e
n
a
rra

to
r
rea

d
a
sa
d

p
a
rt

o
f
th
e
sto

ry
it

w
ill

try
to

ch
eer

h
im

u
p
.
In

su
m
m
a
ry,

th
is

m
o
d
el

is
n
o
t

lim
ited

to
d
escrib

e
o
n
ly

o
n
e
a
lig

n
m
en
t
p
ro
cess,

e.g
.
em

p
a
th
y
o
r
m
im

icry.
It

re-
g
a
rd
s
em

o
tio

n
a
l
in
tera

ctio
n
p
ro
cesses

fro
m

a
m
o
re

co
m
m
u
n
ica

tiv
e
p
ersp

ective
a
n
d
in
teg

ra
tes

a
lig

n
m
en
t
p
ro
cesses,

w
h
ich

ca
n
b
e
a
llo

ca
ted

to
th
e
th
ree

layers
(a
u
to
m
a
tic,

sch
em

a
tic,

co
n
cep

tu
a
l).

In
a
d
d
itio

n
,
th
e
m
o
d
el

is
in
fl
u
en

ced
o
n
a
ll

3
layers

o
f
p
ro
cessin

g
b
y
in
tern

a
l
a
n
d
ex
tern

a
l
co
n
tex

t
fa
cto

rs.
C
o
m
m
u
n
ica

tio
n

w
ith

a
n
(em

o
tio

n
a
lly

)
a
lig

n
in
g
ro
b
o
t
is

su
p
p
o
sed

to
b
e
m
u
ch

ea
sier

th
a
n
w
ith

less
a
d
a
p
tiv

e
p
a
rtn

ers.

5
C
o
n
clu

sio
n
s
a
n
d

O
u
tlo

o
k

In
th
is

p
a
p
er

w
e
arg

u
e
th
a
t
th
e
cu
rren

t
sta

te-o
f-th

e-a
rt

m
o
d
els

o
f
a
rtifi

cia
l

em
o
tio

n
s
sh
o
u
ld

in
clu

d
e
co
m
m
u
n
ica

tive
a
d
a
p
ta
tio

n
p
ro
cesses

to
relia

b
ly

m
o
d
el

h
u
m
a
n
-ro

b
ot

in
tera

ctio
n
.
A

ro
b
ot,

w
h
ich

alig
n
s
in

co
m
m
u
n
ica

tio
n
to

th
e
em

o
-

tio
n
s
ex
p
ressed

b
y
th
e
h
u
m
a
n
p
a
rtn

ers,
w
ill

n
o
t
on

ly
b
e
p
erceived

m
o
re

n
a
tu
ra
l

a
n
d
em

o
tio

n
a
lly

m
o
re

co
m
p
eten

t
b
u
t
w
ill

a
lso

en
h
a
n
ce

su
ccessfu

l
co
m
m
u
n
ica

-
tio

n
.
A
s
an

ex
ten

sio
n
to

P
ick

erin
g
an

d
G
a
rro

d
s
m
o
d
el

of
alig

n
m
en
t
in

co
m
m
u
-

n
ica

tio
n
,
w
e
p
resen

ted
a
co
m
p
u
ta
tio

n
a
l
m
o
d
el

o
f
em

o
tio

n
a
l
alig

n
m
en
t.

E
ven

th
o
u
g
h
th
e
alig

n
m
en
t
ap

p
ro
a
ch

is
still

a
rela

tively
n
ew

th
eo
ry

in
h
u
m
a
n
-

h
u
m
a
n
co
m
m
u
n
ica

tio
n
resea

rch
,
w
e
th
in
k
th
a
t
ou

r
m
o
d
el

is
a
u
sefu

l
a
d
d
itio

n
to

h
u
m
a
n
-ro

b
ot

in
tera

ctio
n
stu

d
ies.

T
h
e
n
ex
t
step

s
a
re

tw
ofo

ld
.
T
h
e
fi
rst

o
n
e
is
to

im
p
lem

en
t
th
e
h
ere

p
resen

ted
m
o
d
el

in
to

o
u
r
ro
b
o
tic

p
la
tfo

rm
“
F
lo
b
i”
.
W
e
w
an

t
th
e
ro
b
o
t
to

rea
ct

em
o
tio

n
a
lly

to
its

co
m
m
u
n
ica

tio
n
p
a
rtn

er
altern

a
tively

o
n
th
e

th
ree

d
escrib

ed
layers.

In
th
e
seco

n
d
step

,
w
e
are

g
o
in
g
to

eva
lu
a
te

o
u
r
m
o
d
el.

T
o
valid

a
te

th
e
d
iff
eren

ce
b
etw

een
th
e
sin

g
le

layers
w
e
p
la
n
a
set

o
f
em

p
irica

l
in
tera

ctio
n
stu

d
ies

in
clu

d
in
g
fa
cto

rs
su
ch

a
s
co
n
tex

t,
situ

a
tio

n
or

co
m
m
u
n
ica

tive
g
o
a
l.
T
h
e
resu

lts
of

th
e
ex
p
erim

en
ts

allow
u
s
to

refi
n
e
o
u
r
m
o
d
el

in
o
rd
er

to
su
p
p
o
rt

an
em

o
tio

n
a
lly

a
lig

n
ed

co
m
m
u
n
ica

tio
n
w
ith

so
cia

l
ro
b
ots.

6
A
ck

n
o
w
le
d
g
e
m
e
n
ts

T
h
is
resea

rch
is
p
a
rtia

lly
su
p
p
o
rted

b
y
th
e
G
erm

a
n
R
esea

rch
F
o
u
n
d
a
tio

n
(D

F
G
)

in
th
e
C
o
lla

b
ora

tive
R
esea

rch
C
en
ter

6
7
3
”
A
lig

n
m
en
t
in

C
o
m
m
u
n
ica

tio
n
“
.

R
e
fe
re
n
ce

s

1
.
K
.
B
a
rrett

a
n
d
G
.
C
.
N
elso

n
-G

o
en

s.
E
m
o
tio

n
C
o
m
m
u
n
ica

tio
n
a
n
d
th
e
D
ev
elo

p
-

m
en
t
o
f
th
e
S
o
cia

l
E
m
o
tio

n
s.

N
ew

d
irectio

n
s
fo
r
ch
ild

d
evelo

p
m
en

t,
1
9
9
7
.

2
.
C
.
B
eck

er-A
sa
n
o
a
n
d
I.

W
a
ch
sm

u
th
.
A
ff
ectiv

e
co
m
p
u
tin

g
w
ith

p
rim

a
ry

a
n
d
sec-

o
n
d
a
ry

em
o
tio

n
s
in

a
v
irtu

a
l
h
u
m
a
n
.
A
u
to
n
o
m
o
u
s
A
gen

ts
a
n
d
M
u
lti-A

gen
t
S
ystem

s,
2
0
(1
):3

2
–
4
9
,
2
0
1
0
.

3
.
H
.
B
o
u
k
rich

a
a
n
d

I.
W
a
ch
sm

u
th
.

E
m
p
a
th
y
-B

a
sed

E
m
o
tio

n
a
l
A
lig

n
m
en
t
fo
r
a

V
irtu

a
l
H
u
m
a
n
:
A

T
h
ree-S

tep
A
p
p
ro
a
ch
.
K
I
-
K
ü
n
stlich

e
In
telligen

z,
2
5
(3
):1

9
5
–

2
0
4
,
M
ay

2
0
1
1
.

4
.
H
.
P
.
B
ra
n
ig
a
n
,
M
.
J
.
P
ick

erin
g
,
J
.
P
ea
rso

n
,
a
n
d
J
.
F
.
M
cL

ea
n
.
L
in
g
u
istic

a
lig

n
m
en

t
b
etw

een
p
eo
p
le

a
n
d
co
m
p
u
ters.

p
a
g
es

1
–
1
4
,
2
0
1
0
.

5
.
G
.
C
a
rid

a
k
is,

A
.
R
a
o
u
za
io
u
,
E
.
B
eva

cq
u
a
,
M
.
M
a
n
cin

i,
K
.
K
a
rp

o
u
zis,

L
.
M
a
la
testa

,
a
n
d
C
.
P
ela

ch
a
u
d
.
V
irtu

a
l
a
g
en

t
m
u
ltim

o
d
a
l
m
im

icry
o
f
h
u
m
a
n
s.

C
o
m
p
u
ters

a
n
d

th
e
H
u
m
a
n
ities,

p
a
g
es

1
–
3
6
.

6
.
O
.

D
a
m
m
,

K
.

D
reier,

F
.

H
eg
el,

P
.

J
a
eck

s,
P
.

S
ten

n
ek
en

,
B
.

W
red

e,
a
n
d

M
.
H
ielsch

er-F
a
sta

b
en

d
.
C
o
m
m
u
n
ica

tin
g
em

o
tio

n
s
in

ro
b
o
tics:

T
ow

a
rd
s
a
m
o
d
el

o
f
em

o
tio

n
a
l
a
lig

n
m
en
t.

P
roceed

in
gs

o
f
th
e
w
o
rksh

o
p
”
E
xpecta

tio
n
s
in

in
tu
itive

in
-

tera
ctio

n
”
o
n
th
e
6
th

H
R
I
In
tern

a
tio

n
a
l
co
n
feren

ce
o
n
H
u
m
a
n
-R

o
bo
t
In
tera

ctio
n
,

J
a
n
.
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A
bstract. The applicability of appropriate coping strategies is im

portant in 
em

ergencies or traum
atic experiences such as car accidents or hum

an violence. 
H

ow
ever, research on hum

an reactions to traum
atic experiences is very 

challenging and m
ost existing research uses retrospective assessm

ents of these 
variables of interest. Thus, w

e are currently developing and evaluating novel 
m

ethods to investigate hum
an behavior in cases of em

ergency. V
irtual R

eality 
(V

R
) scenarios of em

ergencies are em
ployed to enable an im

m
ersive interactive 

engagem
ent (e.g., dealing w

ith fire inside a building) based on the m
odification 

of V
alve’s popular Source™

 2007 gam
e engine.  

Prelim
inary results of a first em

pirical study (cp. Figure 1) suggest that our 
V

R
 scenario has a sim

ilar fear-inducing effect as a short m
ovie clip (B

ecker-
A

sano, Sun, K
leim

, Scheel, Tuschen-C
affier, &

 N
ebel, 2011), w

hich previously 
has been evaluated to induce fear. In addition, the neutral V

R
 experiences 

during the training sessions did never elicit fear in our participants, letting us 
conclude that the interactively presented em

ergency itself w
as indeed the fear 

eliciting factor in the experim
ental sessions. In the long run, w

e aim
 at a m

ore 
detailed analysis that includes the personality questionnaire and physiological 
data, w

hich w
ill be analyzed in correlation w

ith the trajectories of the 
participants in the V

R
 em

ergency. 
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Fig. 1. O
utline of the overall design of a first em

pirical study 
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ä
ıv

e
B

ay
es)

w
ere

eva
lu

a
ted

o
n

a
m

a
n
u
a
lly

a
n
n
o
ta

ted
set

o
f

5
5
8
9

su
rv

ey
s

u
sin

g
ten

-fo
ld

cro
ss-va

li-
d
a
tio

n
.
In

d
o
in

g
so

,
1
5

d
iff

eren
t

to
p
ics

(cla
sses)

w
ere

in
v
estig

a
ted

.
In

a
n

a
d
d
itio

n
a
l
set

o
f
ex

p
erim

en
ts,

ea
ch

cla
ss

w
a
s

a
sso

cia
ted

w
ith

a
n

em
o
tio

n
fl
a
g

(p
o
sitiv

e/
n
eg

a
tiv

e/
n
eu

tra
l)

to
a
d
d

va
len

ce
to

th
e

p
ictu

re.
In

o
rd

er
to

co
p
e

w
ith

th
e

o
ccu

ren
ce

o
f
m

u
ltip

le
cla

sses
a
n
d

em
o
tio

n
fl
a
g
s

in
a

sin
g
le

su
rv

ey,
w

e
in

tro
d
u
ced

a
n
ov

el
a
n
n
o
ta

tio
n

la
n
g
u
a
g
e

en
co

d
in

g
sem

a
n
tics,

em
o
tio

n
fl
a
g
s,

a
n
d

tem
p
o
ra

l
seq

u
en

ce
o
f

to
p
ics.

A
d
em

o
sy

stem
ca

n
b
e

a
ccessed

a
t
h
t
t
p
:
/
/
s
u
e
n
d
e
r
m
a
n
n
.
c
o
m
/
v
e
r
b
a
t
i
m
.
p
h
p
5
.

1
In

tr
o
d
u
c
tio

n

In
a

w
o
rld

w
h
ere

p
ro

d
u
ct

a
n
d

serv
ice

fea
tu

res
b
a
rely

d
iff

er
a
m

o
n
g

co
m

p
etito

rs
o
f

certa
in

b
u
sin

esses,
th

e
q
u
a
lity

o
f
cu

sto
m

er
serv

ice
is

a
n

im
p
o
rta

n
t
d
iff

eren
tia

to
r.

E
.g

.,
in

th
e

teleco
m

m
u
n
ica

tio
n

in
d
u
stry,

b
u
n
d
le

serv
ices

n
ow

a
d
ay

s
in

clu
d
e

ca
b
le

T
V

,
h
ig

h
-sp

eed
In

tern
et,

la
n
d
lin

e
a
n
d

w
ireless

serv
ice

w
h
o
se

fea
tu

res
a
re

la
rg

ely
id

en
tica

l
a
m

o
n
g

d
iff

eren
t
p
rov

id
ers.

In
a
d
d
itio

n
to

low
er

p
ricin

g
,
p
rov

id
ers

try
to

d
iff

eren
tia

te
th

eir
serv

ices
b
y

m
ea

n
s

o
f

su
p
erio

r
cu

sto
m

er
serv

ice
a
n
d

su
p
p
o
rt.

C
o
n
seq

u
en

tly,
o
n
e

o
f

th
e

m
a
in

fo
cu

ses
o
f

th
e

cu
sto

m
er

serv
ice

d
ep

a
rtm

en
ts

o
f

la
rg

e
co

m
p
a
n
ies

is
to

co
n
sta

n
tly

m
o
n
ito

r
th

e
q
u
a
lity

o
f
serv

ices
ren

d
ered

[8
].

A
freq

u
en

tly
u
sed

m
eth

o
d

to
a
ssess

cu
sto

m
er

su
p
p
o
rt

is
to

su
rv

ey
cu

s-
to

m
ers

[1
6
,7

]
.
T

h
is

ca
n

b
e

d
o
n
e

in
a

n
u
m

b
er

o
f
w

ay
s

in
clu

d
in

g

1
)

o
u
t-b

o
u
n
d

ca
llin

g
cu

sto
m

ers
a
n
d

a
sk

in
g

a
n
u
m

b
er

o
f
q
u
estio

n
s,

2
)

a
sk

in
g

cu
sto

m
ers

w
h
o

a
re

ca
llin

g
in

to
a

serv
ice

h
o
tlin

e
a

n
u
m

b
er

o
f
q
u
estio

n
s

rig
h
t

a
fter

th
eir

serv
ice

in
tera

ctio
n
,

3
)

sen
d
in

g
cu

sto
m

ers
a

p
erso

n
a
l

e-m
a
il

a
fter

a
co

m
p
leted

serv
ice

in
tera

ctio
n

w
ith

a
lin

k
to

a
su

rv
ey

w
eb

p
o
rta

l.

S
u
rv

ey
q
u
estio

n
s

a
re

g
en

era
lly

o
f
th

ese
ty

p
es:

A
)

y
es/

n
o

(e.g
.,

W
ere

yo
u

sa
tisfi

ed
w
ith

th
is

cu
sto

m
er

service
in

tera
ctio

n
?
),

B
)

m
u
ltip

le
ch

o
ice

(e.g
.,

W
h
ich

w
a
s

th
e

rea
so

n
fo

r
yo

u
r

ca
ll:

billin
g,

pa
ym

en
t,

tech
n
ica

l
su

p
po

rt,
gen

era
l
in

qu
iry,

o
r

so
m

eth
in

g
else?

),
o
r

C
)

free-fo
rm

(e.g
.,

W
h
a
t
w
a
s

th
e

rea
so

n
fo

r
yo

u
r

ca
ll?

).

R
esp

o
n
ses

to
q
u
estio

n
s

o
f
T

y
p
e

A
o
r

B
ca

n
b
e

eva
lu

a
ted

in
a

ra
th

er
stra

ig
h
tfo

r-
w

a
rd

fa
sh

io
n

b
y

ca
lcu

la
tin

g
freq

u
en

cy
d
istrib

u
tio

n
s

ov
er

th
e

n
u
m

b
er

o
f
p
o
ssib

le
ch

o
ices

(e.g
.,

8
5
%

o
f

th
e

ca
llers

w
ere

sa
tisfi

ed
[T

y
p
e

A
],

o
r

2
1
%

o
f

th
e

p
eo

p
le

ca
lled

a
b
o
u
t

b
illin

g
,

1
8
%

w
a
n
ted

to
m

a
k
e

a
p
ay

m
en

t,
etc.

[T
y
p
e

B
]).

T
y
p
e

C
a
llow

s
cu

sto
m

ers
to

ex
p
ress

th
eir

o
p
in

io
n
s

a
n
d

d
esires

in
a
n

u
n
co

n
stra

in
ed

w
ay,

w
h
ich

h
a
s
th

e
p
o
ten

tia
l
o
f
co

n
v
ey

in
g

lo
ts

o
f
u
sefu

l
a
n
d

d
eta

iled
in

fo
rm

a
tio

n
.
E

.g
.,

b
y

m
a
tch

in
g

cu
sto

m
ers

to
th

e
ca

ll
cen

ter
rep

resen
ta

tiv
e

serv
in

g
th

em
,
it

ca
n

p
ro

-
v
id

e
v
ery

sp
ecifi

c
feed

b
a
ck

.
A

n
ex

a
m

p
le

o
f

a
T

y
p
e-3

su
rv

ey
resp

o
n
se

co
llected

v
ia

a
w

eb
in

terfa
ce

o
f
a

la
rg

e
ca

b
le

serv
ice

p
rov

id
er

is

C
yn

th
ia

’s
a
ssista

n
ce

w
en

t
a
bo

ve
a
n
d

beyo
n
d
.
H

o
w
ever,

even
th

o
u
gh

C
yn

-
th

ia
o
ff
ered

m
e

a
n
ew

co
n
tra

ctu
a
l
o
p
tio

n
w
ith

yo
u
r

co
m

pa
n
y,

(W
h
ich

I
w
ill

give
it

a
1

yea
r

tria
l)

I
feel

th
a
t

m
y

ra
tes

fo
r

ca
ble

&
in

tern
et

a
re

extrem
ely

h
igh

a
n
d

if
th

ey
co

n
tin

u
e

to
rise,

I
w
ill

d
isco

n
tin

u
e

m
y

service
w
ith

yo
u
r

co
m

pa
n
y.

It
is

certa
in

ly
w

o
rth

w
h
ile

fo
r

cu
sto

m
er

serv
ice

m
a
n
a
g
ers

to
rea

d
su

ch
su

rv
ey

re-
sp

o
n
ses

ev
ery

n
ow

a
n
d

th
en

to
h
ea

r
th

e
d
irect

v
o
ice

o
f
th

e
cu

sto
m

ers.
H

ow
ev

er,
in

co
m

p
a
n
ies

p
ro

cessin
g

m
illio

n
s

o
f

cu
sto

m
er

in
tera

ctio
n
s

ev
ery

w
eek

[1
3
],

th
e

m
a
n
u
a
l
p
ro

cessin
g

o
f
free-fo

rm
cu

sto
m

er
feed

b
a
ck

b
eco

m
es

u
n
fea

sib
le.

In
stea

d
,

in
th

is
p
a
p
er,

w
e

p
ro

p
o
se

th
e

a
p
p
lica

tio
n

o
f

sem
a
n
tic

cla
ssifi

ers
to

tex
tu

a
l
fea

-
tu

res
in

o
rd

er
to

id
en

tify
su

rv
ey

s
b
elo

n
g
in

g
to

p
red

efi
n
ed

top
ics

(cla
sses).

T
h
is

m
eth

o
d

ca
n

b
e

u
sefu

l
to

a
n
sw

er
a

va
riety

o
f

q
u
estio

n
s

o
f

p
rim

ary
in

terest
to

sta
k
eh

o
ld

ers
in

cu
sto

m
er

serv
ice

d
ep

a
rtm

en
ts.

E
x
a
m

p
les

in
clu

d
e

th
e

o
n
es

listed
in

th
e

a
b
stra

ct:

–
W

h
ich

ca
llers

a
re

ca
llin

g
a
b
o
u
t

th
eir

b
ill,

tech
n
ica

l
issu

es,
p
ro

d
u
ct

p
ricin

g
,

etc.?
–

H
a
s
th

e
p
ercen

ta
g
e

o
f
ca

llers
co

m
p
la

in
in

g
a
b
o
u
t
lo

n
g

h
o
ld

tim
e

o
n

th
e

p
h
o
n
e

in
crea

sed
fro

m
m

o
n
th

to
m

o
n
th

?
–

W
h
o

is
a
sk

in
g

fo
r

a
ca

ll-b
a
ck

o
r

is
th

rea
ten

in
g

to
ca

n
cel

serv
ice

w
ith

th
e

co
m

p
a
n
y

b
ein

g
ca

lled
?

–
Is

th
e

ca
ller

co
n
v
ey

in
g

p
o
sitiv

e,
n
eg

a
tiv

,
o
r

n
eu

tra
l

em
o
tio

n
referrin

g
to

a
certa

in
to

p
ic?

S
ectio

n
2

w
ill

fo
cu

s
o
n

th
e

d
eriva

tio
n

o
f
to

p
ics

a
n
d

em
o
tio

n
fl
a
g
s;

th
e

a
n
n
o
ta

tio
n

sch
em

e
w

ill
b
e

d
iscu

ssed
in

S
ectio

n
3
.
T

h
en

,
in

S
ectio

n
4

w
e

w
ill

p
rov

id
e

d
eta

ils
o
n

th
e

ex
p
erim

en
ta

l
setu

p
a
ro

u
n
d

th
is

w
o
rk

a
n
d

p
resen

t
resu

lts.



2
T
o
p
ic

s
a
n
d

E
m

o
tio

n
F
la

g
s

T
o
p
ics

o
f

p
a
rticu

la
r

in
terest

to
cu

sto
m

er
serv

ice
d
ep

a
rtm

en
ts,

e.g
.
in

th
e

ca
b
le

p
rov

id
er

m
a
rk

et
v
ertica

l,
in

clu
d
e

su
rv

ey
s

a
b
o
u
t

–
a
n

A
u
to

m
a
ted

sy
stem

,
–

th
e

B
illin

g
d
ep

a
rtm

en
t,

–
th

e
C

o
sts

o
f
serv

ices,
–

a
b
illin

g
D

isp
u
te,

–
a
n

E
m

erg
en

cy
situ

a
tio

n
(e.g

.,
ca

llers
th

rea
ten

in
g

to
ca

n
cel

serv
ice),

–
a

req
u
est

to
F

o
llow

u
p

w
ith

th
e

ca
ller

(ca
ll-b

a
ck

req
u
est),

–
a

H
u
m

a
n

rep
resen

ta
tiv

e,
–

th
e

a
u
to

m
a
ted

In
tern

et
tro

u
b
lesh

o
o
tin

g
sy

stem
[1

],
–

O
th

er
to

p
ics,

–
a

P
ro

d
u
ct,

–
th

e
g
en

era
l-p

u
rp

o
se

ca
ll

R
o
u
ter

[5
],

–
a

va
g
u
e

m
en

tio
n
in

g
o
f
a
n

a
u
to

m
a
ted

tro
u
b
le-S

h
o
o
tin

g
sy

stem
[1

],
–

a
T

ru
ck

ro
ll

o
r

a
T

ech
n
icia

n
o
n

site,
–

th
e

a
u
to

m
a
ted

ca
b
le

T
V

tro
u
b
lesh

o
o
tin

g
sy

stem
[1

],
–

W
a
it

tim
e

in
lin

e.

T
h
e

b
o
ld

ed
letters

a
re

u
n
iq

u
e

to
ea

ch
to

p
ic

a
n
d

w
ill

b
e

u
sed

to
refer

to
to

p
ics

in
th

e
sco

p
e

o
f
th

e
a
n
n
o
ta

tio
n

sch
em

e
in

tro
d
u
ced

in
S
ectio

n
3
.

A
fi
x
ed

n
u
m

b
er

o
f
u
n
iq

u
e

cla
sses

to
d
istig

u
ish

in
w

ritten
d
o
cu

m
en

ts
g
en

era
lly

su
g
g
ests

th
e

a
p
p
lica

tio
n

o
f
a

sem
a
n
tic

cla
ssifi

er
sim

ila
r

to
w

h
a
t

is
b
ein

g
u
sed

fo
r

th
e

ta
sk

o
f
ca

ll
ro

u
tin

g
[4

].
T

h
ere,

ca
llers

a
re

a
sk

ed
to

b
riefl

y
d
escrib

e
th

e
rea

so
n

fo
r

th
eir

ca
ll

in
resp

o
n
se

to
a

sy
stem

p
ro

m
p
t

su
ch

a
s

B
riefl

y
tell

m
e

w
h
a
t
yo

u
a
re

ca
llin

g
a
bo

u
t
tod

a
y.

A
fter

a
p
p
ly

in
g

la
rg

e-v
o
ca

b
u
la

ry
sp

eech
reco

g
n
itio

n
to

th
e

ca
ller

resp
o
n
se,

a
se-

m
a
n
tic

cla
ssifi

er
is

a
p
p
lied

to
th

e
reco

g
n
itio

n
h
y
p
th

esis
retu

rn
in

g
o
n
e

o
f
a

n
u
m

b
er

o
f

p
o
ssib

le
ca

ll
rea

so
n
s

(cla
sses).

H
ig

h
-reso

lu
tio

n
ca

ll
ro

u
ters

so
m

etim
es

d
istin

-
g
u
ish

h
u
n
d
red

s
o
f
cla

sses
[1

4
].

H
ow

ev
er,

it
tu

rn
s

o
u
t

th
a
t

resp
o
n
ses

to
ca

ll
ro

u
tin

g
sy

stem
p
ro

m
p
ts

a
n
d

su
rv

ey
resp

o
n
ses

o
f

u
n
lim

ited
in

p
u
t

len
g
th

d
iff

er
co

n
sid

era
b
ly

in
th

eir
n
a
tu

re.
T

h
e

ex
a
m

p
le

g
iv

en
a
b
ov

e
is

p
ro

to
ty

p
ica

l
fo

r
free-fo

rm
resp

o
n
ses

in
th

a
t

th
ey

a
re

n
o
t

lim
ited

to
a

u
n
iq

u
e

to
p
ic

b
u
t

co
n
ta

in
a

tim
e

seq
u
en

ce
o
f

top
ics.

T
h
e

to
p
ic

seq
u
en

ce
o
f
th

is
p
a
rticu

la
r

ex
a
m

p
le

is
d
eco

d
ed

in
T
a
b
le

1
.

R
ev

iew
in

g
th

is
ex

a
m

p
le,

w
e

o
b
serv

e
th

a
t

th
e

m
en

tio
n
in

g
o
f

a
to

p
ic

ca
n

b
e

a
sso

cia
ted

w
ith

a
certa

in
em

o
tio

n
.
T

h
e

em
o
tio

n
a
l
fl
av

o
r

o
f
a

cu
sto

m
er

co
m

m
en

t
is

clea
rly

o
f
sp

ecia
l
in

terest
to

th
e

cu
sto

m
er

serv
ice

d
ep

a
rtm

en
t.

It
is

cru
cia

l
to

k
n
ow

w
h
eth

er
p
eo

p
le

lik
e

o
r

h
a
te

th
eir

serv
ices,

w
h
eth

er
th

ey
h
a
d

a
p
o
sitiv

e
o
r

n
eg

a
tiv

e
ex

p
erien

ce
w

ith
th

e
ca

ll
cen

ter
a
g
en

t
o
r

sp
o
k
en

d
ia

lo
g

sy
stem

,
o
r

w
h
eth

er
p
ro

d
u
ct

co
sts

a
re

co
n
sid

ered
ch

ea
p

o
r

ex
p
en

siv
e.

F
o
r

th
is

p
u
rp

o
se,

w
e

in
tro

d
u
ce

a
th

ree-p
o
in

t
em

o
tio

n
sca

le
(p

o
sitiv

e/
n
eu

tra
l/

n
eg

a
tiv

e).
In

T
a
b
le

1
,
ea

ch
to

p
ic

is
a
lso

a
sso

cia
ted

w
ith

a
n

em
o
tio

n
fl
a
g
,
so

,
w

e
see

fo
r

in
sta

n
ce

th
a
t

a
h
u
m

a
n

a
g
en

t
is

m
en

tio
n
ed

tw
ice,

o
n
ce

in
a

p
o
sitiv

e
w

ay
(w

en
t

a
bo

ve
a
n
d

beyo
n
d
)

a
n
d

o
n
ce

n
eu

tra
l
(C

yn
th

ia
o
ff
ered

m
e).

T
a
b
le

1
.

E
x
a
m

p
le

fo
r

a
tim

e
seq

u
en

ce
o
f
to

p
ics

tex
t

a
n
n
o
ta

tio
n

em
o
tio

n
fl
a
g

C
yn

th
ia

’s
a
ssista

n
ce

w
en

t
a
bo

ve
a
n
d

beyo
n
d
.

H
+

H
o
w
ever,

even
th

o
u
gh

C
yn

th
ia

o
ff
ered

m
e...

H

a
n
ew

co
n
tra

ctu
a
l

o
p
tio

n
w
ith

yo
u
r

co
m

pa
n
y,

(W
h
ich

I
w
ill

give
it

a
1

yea
r

tria
l)...

O

I
feel

th
a
t

m
y

ra
tes

fo
r

ca
ble

&
in

tern
et

a
re

extrem
ely

h
igh

...
C

-

a
n
d

if
th

ey
co

n
tin

u
e

to
rise,

I
w
ill

d
isco

n
tin

u
e

m
y

service
w
ith

yo
u
r

co
m

pa
n
y.

E
-

3
A

n
n
o
ta

tio
n

A
s

m
o
tiva

ted
in

S
ectio

n
1
,

w
e

w
a
n
t

to
a
p
p
ly

sta
tistica

l
cla

ssifi
ers

in
o
rd

er
to

a
u
to

m
a
tica

lly
a
n
a
ly

ze
th

e
m

em
b
ersh

ip
o
f
a

g
iv

en
su

rv
ey

to
th

e
cla

sses
a
n
d

em
o
-

tio
n

fl
a
g
s

in
tro

d
u
ced

in
S
ectio

n
2
.
In

o
rd

er
to

tra
in

th
e

cla
ssifi

ca
tio

n
m

o
d
els,

w
e

n
eed

to
esta

b
lish

resp
ectiv

e
tra

in
in

g
d
a
ta

.
In

o
u
r
ca

se,
w

e
n
eed

to
m

a
p

th
e

su
rv

ey
tex

t
to

th
e

ca
n
o
n
ica

l
cla

sses
a
n
d

em
o
tio

n
fl
a
g
s
it

rep
resen

ts.
T

h
is

p
ro

cess
is

o
ften

d
o
n
e

in
a

su
p
erv

ised
m

a
n
n
er

(i.e.,
m

a
n
u
a
lly

)
a
n
d

is
referred

to
a
s

a
n
n
o
ta

tio
n
.

S
em

a
n
tic

a
n
n
o
ta

tio
n

a
s

req
u
ired

fo
r

a
sta

n
d
a
rd

ca
ll

ro
u
tin

g
ta

sk
(see

S
ec-

tio
n

2
)

m
a
p
s

ex
a
ctly

o
n
e

cla
ss

to
a

g
iv

en
u
ttera

n
ce/

tex
t

[5
].

F
ig

u
re

1
sh

ow
s

a
n
n
o
ta

tio
n

so
ftw

a
re

w
h
ich

lists
a

n
u
m

b
er

o
f

ca
ller

resp
o
n
ses

to
th

e
a
fo

rem
en

-
tio

n
ed

ex
a
m

p
le

p
ro

m
p
t

B
riefl

y
tell

m
e

w
h
a
t

yo
u

a
re

ca
llin

g
a
bo

u
t

tod
a
y.

O
n

th
e

left,
p
o
ssib

le
cla

sses
a
re

sh
ow

n
in

a
h
iera

rch
ica

l
fa

sh
io

n
(sim

ila
r

to
a

fo
ld

er
stru

ctu
re).

T
h
e

a
n
n
o
ta

tio
n

ta
sk

co
n
sists

n
ow

o
f

d
ra

g
g
in

g
a
n
d

d
ro

p
p
in

g
u
tter-

a
n
ces

in
to

o
n
e

o
f
th

e
cla

sses
o
n

th
e

left.
F
o
r

ex
a
m

p
le,

th
e

u
ttera

n
ce

I
a
m

h
a
vin

g
a

p
ro

blem
o
rd

erin
g

a
m

o
vie

refers
to

ca
b
le

T
V

serv
ice

(a
ka

V
id

eo
),

it
is

a
b
o
u
t

a
n

O
rd

er
a
n
d

d
escrib

es
a

P
ro

blem
.
T

h
e

co
rrect

cla
ss

w
o
u
ld

h
en

ce
b
e

V
i
d
e
o

O
r
d
e
r

P
r
o
b
l
e
m

S
o
m

etim
es,

ca
llers

refer
to

m
u
ltip

le
rea

so
n
s
a
t
o
n
ce

(e.g
.,

I’d
like

to
o
rd

er
a

sh
o
w

a
n
d

pa
y

la
st

m
o
n
th

’s
bill).

S
in

ce
th

e
a
b
ov

e
d
escrib

ed
a
n
n
o
ta

tio
n

m
eth

o
d

is
n
o
t

d
esig

n
ed

to
a
cco

m
o
d
a
te

m
u
ltip

le
cla

sses
fo

r
a

sin
g
le

u
ttera

n
ce,

th
is

u
ttera

n
ce

w
o
u
ld

b
e

m
a
p
p
ed

to
a

g
en

eric
m

u
ltip

le-sy
m

p
to

m
cla

ss.
S
in

ce,
u
su

a
lly,

th
ese

ca
ses

a
re

n
eg

lig
ib

le
(0

.4
%

fo
r

o
u
r

ex
a
m

p
le

ca
ll

ro
u
ter),

n
o

sp
ecia

l
h
a
n
d
lin

g
fo

r
m

a
p
p
in

g
s

to
m

u
ltip

le
cla

sses
is

req
u
ired

.
A

s
sh

ow
n

in
S
ectio

n
2
,

th
e

situ
a
tio

n
is

co
m

p
letely

d
iff

eren
t

fo
r

th
e

ca
se

o
f

u
n
restricted

su
rv

ey
s.

In
fa

ct,
th

e
co

rp
u
s

u
sed

in
o
u
r
ex

p
erim

en
ts

(see
S
ectio

n
4
),

co
n
ta

in
ed

6
4
%

su
rv

ey
s

w
ith

m
u
ltip

le
cla

sses.
T
o

cov
er

a
ll

p
o
ssib

le
scen

a
rio

s
o
f

cla
sses

a
n
d

em
o
tio

n
fl
a
g
s

w
h
ich

ca
n

b
e

a
sso

cia
ted

w
ith

a
g
iv

en
su

rv
ey,

w
e

ca
m

e
u
p

w
ith

a
sim

p
le

la
n
g
u
a
g
e

d
escrib

in
g



F
ig

.
1
.
A

n
n
o
ta

tio
n

so
ftw

a
re

p
ro

cessin
g

d
a
ta

o
f
a

ca
ll

ro
u
tin

g
ta

sk

th
e

tim
e

seq
u
en

ce
o
f
to

p
ics

a
n
d

em
o
tio

n
fl
a
g
s

en
co

u
n
tered

in
th

e
su

rv
ey.

H
ere,

th
e

co
d
in

g
sch

em
e

o
f
T
a
b
le

1
is

u
sed

,
so

,
fo

r
th

e
ta

b
le’s

ex
a
m

p
le,

th
e

sem
a
n
tic

a
n
n
o
ta

tio
n

strin
g

is

H
+
H
O
C
-
E
-

G
en

era
lly,

o
u
r

a
n
n
o
ta

tio
n

la
n
g
u
a
g
e

l
ca

n
b
e

ex
p
ressed

a
s

l
:=

c[l]

c
:=

t[e]

t
∈

{
P
,
H
,
W
,
T
,
B
,
D
,
A
,
R
,
I
,
V
,
C
,
F
,
E
,
O
}

e
∈

{
+

,−
}

F
ig

u
re

2
sh

ow
s

h
ow

th
e

sa
m

e
a
n
n
o
ta

tio
n

so
ftw

a
re

w
e

h
av

e
a
p
p
lied

to
th

e
ca

ll
ro

u
tin

g
scen

a
rio

ca
n

b
e

u
sed

to
p
ro

d
u
ce

th
e

a
n
n
o
ta

tio
n

strin
g
.

W
h
ile

rea
d
in

g
th

e
su

rv
ey,

th
e

a
n
n
o
ta

tin
g

p
erso

n
w

rites
th

e
strin

g
in

to
th

e
A

n
n
o
ta

ted
V
a
lu

e
fi
eld

.

4
E
x
p
e
r
im

e
n
ts

4
.1

T
h
e

C
la

s
s
ifi

c
a
tio

n
F
r
a
m

e
w

o
r
k

A
p
ra

ctica
l
w

ay
to

a
n
sw

er
th

e
q
u
estio

n
s

ra
ised

in
th

e
in

tro
d
u
ctio

n
o
f
th

is
p
a
p
er

is
to

tra
in

sep
a
ra

te
cla

ssifi
ers

fo
r

ea
ch

to
p
ic

(cla
ss).

T
h
ese

cla
ssifi

ers
w

o
u
ld

b
e

F
ig

.
2
.
A

n
n
o
ta

tio
n

so
ftw

a
re

p
ro

cessin
g

d
a
ta

o
f
th

e
su

rv
ey

ta
sk

b
in

a
ry

w
h
en

d
isca

rd
in

g
em

o
tio

n
fl
a
g
s

a
t

th
e

fi
rst

p
la

ce,
i.e.,

th
e

cla
ssifi

er
w

o
u
ld

retu
rn

1
in

th
e

ca
se

it
is

co
n
fi
d
en

t
th

a
t

th
e

su
rv

ey
is

a
b
o
u
t

a
certa

in
top

ic,
o
th

erw
ise

0.
T

h
is

m
ea

n
s

th
a
t

a
s

m
a
n
y

cla
ssifi

ers
h
av

e
to

b
e

tra
in

ed
a
s

th
ere

a
re

d
istin

ct
cla

sses,
i.e.,

in
o
u
r

ca
se

1
5
.

W
h
en

a
d
d
in

g
em

o
tio

n
fl
a
g
s

to
th

e
p
ictu

re,
o
n
e

h
a
s

to
b
e

aw
a
re

o
f

th
e

fa
ct

th
a
t

a
sin

g
le

su
rv

ey
ca

n
p
o
ssib

ly
co

n
ta

in
m

u
ltip

le
m

en
tio

n
in

g
s

o
f
th

e
sa

m
e

to
p
ic

w
ith

d
iff

eren
t
em

o
tio

n
fl
a
g
s
ea

ch
.
P

rin
cip

ly,
ev

ery
sin

g
le

com
b
in

a
tio

n
o
f
p
o
sitiv

e,
n
eg

a
tiv

e,
a
n
d

n
eu

tra
l

a
re

p
o
ssib

le
in

a
sin

g
le

su
rv

ey
fo

r
a

sin
g
le

cla
ss

(in
o
u
r

ex
a
m

p
le

in
S
ectio

n
2
,
w

e
h
a
d

p
o
sitiv

e
a
n
d

n
eu

tra
l
fo

r
th

e
cla

ss
H.

C
o
n
seq

u
en

tly,
w

h
en

w
e

w
o
u
ld

in
ten

d
to

u
se

a
sin

g
le

cla
ssifi

er
p
er

to
p
ic,

it
w

o
u
ld

h
av

e
to

b
e

a
b
le

to
retu

rn
ev

ery
p
o
ssib

le
co

m
b
in

a
tio

n
o
f

em
o
tio

n
fl
a
g
s:

+,
-,

0,
+
-,

+
0,

-
0,

+
-
0,

so
,
sev

en
d
istin

ct
retu

rn
va

lu
es.

H
ere,

0
sta

n
d
s

fo
r

n
eu

tra
l.

A
n
o
th

er
p
o
ssib

ility
to

co
p
e

w
ith

em
o
tio

n
fl
a
g
s

in
th

is
fra

m
ew

o
rk

is
to

tra
in

sep
a
ra

te
b
in

a
ry

cla
ssifi

ers
fo

r
ea

ch
to

p
ic/

em
o
tio

n
fl
a
g

co
m

b
in

a
tio

n
.I.e.,

w
e

w
o
u
ld

h
av

e
a
n
H
+

cla
ssifi

er,
a
n
H
-

cla
ssifi

er,
a
n
d

a
n
H
0

cla
ssifi

er
fo

r
th

e
to

p
ic

H.

4
.2

M
e
a
s
u
r
in

g
P
e
r
fo

r
m

a
n
c
e

In
a
d
d
itio

n
to

th
e

su
b
sta

n
tia

l
d
iff

eren
ce

b
etw

een
th

e
a
n
n
o
ta

tio
n

sch
em

e
o
f
a

ca
ll

ro
u
ter

a
n
d

th
a
t

o
f

th
e

free-fo
rm

su
rv

ey
s

w
e

in
tro

d
u
ced

in
S
ectio

n
3
,

th
ere

is
a
lso

a
m

a
jo

r
d
iff

eren
ce

in
th

e
w

ay
cla

ssifi
er

p
erfo

rm
a
n
ce

sh
o
u
ld

b
e

m
ea

su
red

.
In

sp
o
k
en

-la
n
g
u
a
g
e

u
n
d
ersta

n
d
in

g
ta

sk
s

a
s

fo
r

in
sta

n
ce

in
ca

ll
ro

u
tin

g
,
th

e
cla

ssifi
-

ca
tio

n
h
y
p
o
th

esis
is

sim
p
ly

co
m

p
a
red

w
ith

th
e

ca
n
o
n
ica

l
cla

ss
(w

h
ich

a
h
u
m

a
n



a
n
n
o
ta

to
r

p
ro

d
u
ced

fo
r

th
e

u
ttera

n
ce

in
q
u
estio

n
).

H
ere,

th
e

h
y
p
o
th

esis
is

ei-
th

er
co

rrect
o
f
w

ro
n
g
.
T

h
e

m
etric

T
ru

e
T
o
ta

l
is

th
e

n
u
m

b
er

o
f
co

rrect
m

a
tch

es
d
iv

id
ed

b
y

th
e

to
ta

l
n
u
m

b
er

o
f
sa

m
p
les

in
a

test
co

rp
u
s,

i.e.,
it

is
th

e
p
ercen

ta
g
e

o
f
co

rrect
resp

o
n
ses

o
f
th

e
cla

ssifi
er

o
n

a
g
iv

en
test

co
rp

u
s

[1
5
].

T
h
eo

retica
lly,

o
n
e

ca
n

ca
lcu

la
te

th
e

T
ru

e
T
o
ta

l
a
lso

fo
r

th
e

b
in

a
ry

cla
ssifi

-
ca

tio
n

scen
a
rio

o
f

th
e

cu
rren

t
w

o
rk

.
H

ow
ev

er,
a
s

it
tu

rn
s

o
u
t,

th
e

resu
lt

ca
n

b
e

m
islea

d
in

g
.
T

h
is

is
b
eca

u
se

so
m

e
o
f
th

e
to

p
ics

h
av

e
a

v
ery

low
lik

elih
o
o
d

o
f

o
ccu

rren
ce.

F
o
r

in
sta

n
ce,

o
n
ly

0
.2

%
o
f

th
e

su
rv

ey
s

a
n
a
ly

zed
in

th
is

w
o
rk

m
en

-
tio

n
ed

I
(see

T
a
b
le

2
).

T
h
a
t
m

ea
n
s,

if
w

e
b
u
ild

a
triv

ia
l
cla

ssifi
er

th
a
t
ex

clu
siv

ely
retu

rn
s

th
e

m
a
jo

rity
v
o
te

(in
th

is
ca

se
0),

it
w

o
u
ld

b
e

co
rrect

in
9
9
.8

%
o
f

th
e

ca
ses,

a
T
ru

e
T
o
ta

l
th

a
t

seem
s

ex
tra

o
rd

in
a
rily

g
o
o
d
.
H

ow
ev

er,
it

m
issed

a
ll

th
e

ca
ses

th
a
t

d
id

m
en

tio
n
I

ren
d
erin

g
it

co
m

p
letely

u
seless.

T
a
b
le

2
.
D

istrib
u
tio

n
o
f
to

p
ics

in
th

e
co

rp
u
s.

N
o
te:

P
ercen

ta
g
es

d
escrib

e
th

e
fra

ctio
n

o
f
su

rv
ey

s
in

w
h
ich

th
e

to
p
ic/

th
e

to
p
ic

w
ith

a
certa

in
em

o
tio

n
fl
a
g

w
a
s

fo
u
n
d
.
D

u
e

to
m

u
ltip

le
o
ccu

rren
ces

o
f
to

p
ics/

em
o
tio

n
fl
a
g
s

in
so

m
e

su
rv

ey
s,
t
o
t
a
l

d
o
es

n
o
t

a
d
d

u
p

to
1
0
0
%

,
a
n
d
+

a
n
d
-

d
o

n
o
t

n
ecessa

rily
a
d
d

u
p

to
t
o
t
a
l
.

to
p
ic

d
escrip

tio
n

t
o
t
a
l

+
-

A
a
u
to

m
a
tio

n
3
.8

%
0
.2

%
3
.4

%

B
b
illin

g
0
.6

%
0
.0

%
0
.5

%

C
co

st
1
0
.5

%
0
.3

%
9
.9

%

D
d
isp

u
te

4
.4

%
0
.1

%
3
.6

%

E
em

erg
en

cy
8
.4

%
0
.0

%
6
.2

%

F
fo

llow
-u

p
3
.8

%
0
.5

%
3
.0

%

H
h
u
m

a
n

6
6
.6

%
5
0
.3

%
1
7
.6

%

I
In

tern
et

0
.2

%
0
.0

%
0
.1

%

O
o
th

er
3
4
.0

%
6
.7

%
2
0
.2

%

P
p
ro

d
u
ct

2
3
.1

%
2
.5

%
2
0
.3

%

R
ca

ll
ro

u
ter

1
.0

%
0
.0

%
0
.9

%

S
tro

u
b
lesh

o
o
ter

1
.4

%
0
.2

%
1
.2

%

T
tru

ck
1
0
.9

%
6
.3

%
3
.7

%

V
T

V
0
.2

%
0
.0

%
0
.2

%

W
w

a
it

3
.5

%
0
.3

%
3
.2

%

In
ca

ses
lik

e
th

ese,
th

e
m

a
ch

in
e

lea
rn

in
g

co
m

m
u
n
ity

u
su

a
lly

co
n
sid

ers
th

e
sta

n
d
a
rd

m
etrics

P
recisio

n
,

R
eca

ll,
a
n
d

F
-M

ea
su

re
[1

1
].

P
recisio

n
is

th
e

p
er-

cen
ta

g
e

o
f
co

rrectly
a
ccep

ted
to

k
en

s
in

th
e

set
o
f
a
ccep

ted
to

k
en

s.
S
o
,
P

recisio
n

d
escrib

es
th

e
qu

a
lity

o
f
a
ccep

ted
to

k
en

s.
R

eca
ll,

o
n

th
e

o
th

er
h
a
n
d
,
is

th
e

p
ercen

t-
a
g
e

o
f

th
e

co
rrectly

a
ccep

ted
to

k
en

s
in

th
e

set
o
f

a
ll

to
k
en

s
w

h
ich

sh
o
u
ld

h
a
ve

been
a
ccep

ted
.

T
h
a
t

is,
R

eca
ll

d
escrib

es
th

e
co

m
p
leten

ess
o
f

a
ccep

ted
to

k
en

s.
F
in

a
lly,

F
-M

ea
su

re
is

a
h
a
rm

o
n
ic

m
ea

n
o
f
P

recisio
n

a
n
d

R
eca

ll.
D

ep
en

d
in

g
o
n

th
e

sp
ecifi

cs
o
f

th
e

cla
ssifi

ca
tio

n
ta

sk
,

P
recisio

n
a
n
d

R
eca

ll
m

ay
n
o
t

b
e

o
f
eq

u
a
l
im

p
o
rta

n
ce,

a
fa

ct
th

a
t

is
a
cco

u
n
ted

fo
r

b
y

d
iff

eren
t

fl
av

o
rs

o
f
F
-M

ea
su

res.
F

1 ,
th

e
m

o
st

co
m

m
o
n
ly

u
sed

m
etric,

trea
ts

P
recisio

n
a
n
d

R
eca

ll
id

en
tica

lly,
w

h
erea

s
F

2
w

eig
h
ts

R
eca

ll
tw

ice
a
s
stro

n
g

a
s
P

recisio
n
.
In

th
e

cu
rren

t
w

o
rk

,
F

2
tu

rn
ed

o
u
t

to
b
e

a
m

o
re

a
p
p
ro

p
ria

te
m

etric
th

a
n

F
1

b
eca

u
se

m
issin

g
to

k
en

s
o
f

so
m

e
o
f
th

e
to

p
ics

(su
ch

a
s

em
erg

en
cy

ca
llers,

req
u
ests

fo
r

fo
llow

-u
p
,

o
r

b
illin

g
d
isp

u
tes)

a
re

co
n
sid

ered
critica

l,
i.e.,

m
issin

g
in

sta
n
ces

o
f
su

ch
to

p
ics

a
re

m
o
re

ex
p
en

siv
e

th
a
n

fa
lse

a
la

rm
s.

A
t

a
n
y

ra
te,

sin
ce

th
e

a
b
ov

e
m

en
tio

n
ed

triv
ia

l
m

a
jo

rity
v
o
te

cla
ssifi

er
w

o
u
ld

n
o
t

a
ccep

t
a
n
y

to
k
en

s,
its

R
eca

ll
w

o
u
ld

co
n
seq

u
en

tly
b
e

zero
,
so

w
o
u
ld

b
e

a
n
y

F
-M

ea
su

re,
in

clu
d
in

g
F

2 .

4
.3

C
o
r
p
u
s

a
n
d

E
x
p
e
r
im

e
n
ta

l
R

e
s
u
lts

F
o
r

a
la

rg
e

ca
b
le

serv
ice

p
rov

id
er

[1
]
w

ith
a

ca
ll

v
o
lu

m
e

o
f
sev

era
l
m

illio
n

ca
lls

ev
ery

m
o
n
th

to
its

serv
ice

h
o
tlin

e,
w

e
co

llected
free-fo

rm
o
n
lin

e
su

rv
ey

s
a
s

d
e-

scrib
ed

in
th

e
in

tro
d
u
ctio

n
o
f

th
is

p
a
p
er.

T
h
e

co
llected

su
rv

ey
s

a
m

o
u
n
ted

to
a
b
o
u
t

ten
th

o
u
sa

n
d

ev
ery

m
o
n
th

.
F
o
r

a
fi
rst

p
ro

o
f
o
f
co

n
cep

t,
w

e
fo

cu
sed

o
n

a
sin

g
le

m
o
n
th

(M
ay

2
0
1
0
)
fo

r
w

h
ich

a
n
u
m

b
er

o
f
5
5
8
9

ra
n
d
lo

m
ly

selected
su

rv
ey

s
w

ere
a
n
n
o
ta

ted
a
cco

rd
in

g
to

th
e

sch
em

e
d
escrib

ed
in

S
ectio

n
3
.
W

e
d
id

n
o
t

sep
-

a
ra

te
fi
x
ed

tra
in

in
g

a
n
d

test
sets

b
u
t

in
stea

d
u
sed

ten
-fo

ld
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a
d

co
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p
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2
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h
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p
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l
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4
b
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b
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b
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e
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n
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n
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u
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e
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p
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a
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rm
ed

o
f

th
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b
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b
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b
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a
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b
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d
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b
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b
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n
d
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4
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fem
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ta
b
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b
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e
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b
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ra
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b
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re
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ra
cy

sco
re

o
b
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e
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n
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itio
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e

sco
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b
ta
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e
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n
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n
.
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p
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p
o
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n
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e
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n
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o
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d
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b
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p
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b
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p
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ra
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etitio
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a
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m
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r
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b
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d
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p
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n
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u
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l
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ra
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b
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∑
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.
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q
u
a
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m
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–
H

a
m

m
eff

o
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5
k

–
H

a
m

m
b
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l
t
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s
0
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2
k

-
l
t
a
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2
−

5
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(
l
t
a
s
2
−

5
k

-
l
t
a
s
5
−

8
k )

–
H

a
m

m
h
ea
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=

(
l
t
a
s
0
−

2
k

-
l
t
a
s
5
−

8
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–
H

a
m

m
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a
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=
(
l
t
a
s
0
−

2
k

-
l
t
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2
−

5
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–
H

a
m

m
u
n
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b
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=
(
l
t
a
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2
−

5
k

-
l
t
a
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5
−

8
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–
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p
e
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u
a
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e
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l
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e
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g
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u
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–
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p
e
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u
a
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e
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f

l
t
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k
H
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e
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p
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1
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e
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b
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p
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P
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l
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n
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a
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a
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D
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T

h
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fi
rst
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P
C
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fem
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le

d
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ex
p
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a
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p
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2
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lite
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b
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b
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n
a
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e
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ex
p
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P
C
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th
e
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th
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d
iff
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b
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effi
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t
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n
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itio

n
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ex
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a
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m

ea
n
s

low
a
ccu

ra
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en
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d
u
ctio

n
,
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a
p
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in
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d
y
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w
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d
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d
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n
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t
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a
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cien

t
sco

res
w

ere
v
ery

d
iff

eren
t.

In
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u
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1
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p
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a
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m
p
o
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e
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n
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p
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e
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n
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T
a
b
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W
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a
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b
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b
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b
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u
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p
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b
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ra
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a
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p
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d
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f
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the

interlocutor
is

talking.
T

he
m

eaning
annota-

tion
of

such
vocalizations

is
a

crucialstep
in

synthesis
of

listener
vocalizations.

T
his

paper
presents

a
perception

study
to

annotate
m

eaning
of

vocalizations.In
this

study,subjects
annotate

(characterize)
a

setof
listener

vocalizations
using

a
m

ulti-dim
ensionalsetof

m
eaning

descriptors.T
he

setof
stim

ulus
vocalizations

is
selected

based
on

intonation
clustering.W

e
investigate

the
typicalim

pressions
and

the
appropriateness

of
m

eanings
conveyed

by
vocalizations,based

on
high

agreem
entratings

provided
by

the
participants.W

e
also

discuss
the

suitability
of

the
annotation

procedure
to

generate
expressive

listenervocalizations.

K
eyw

ords:
listenervocalizations,perception

study,m
eaning,speech

synthesis

1
Introduction

N
ow

adays
spoken

and
m

ultim
odaldialogue

system
s

attem
ptto

m
odelthe

com
puter’s

partof
the

dialogue
in

both
the

speaker
and

the
listener

role
[12,16].T

hatm
eans

the
m

achine
m

ustem
itsigns

of
listening

w
hile

the
user

is
speaking:backchannels

[19]
or

expressive
feedback

signals
[1].In

m
ultim

odaldialogue
system

s,som
e

ofthese
signals

can
be

visual,such
as

head
nods,sm

iles,or
raised

eyebrow
s

[5];in
the

vocalchannel,
backchannel

and
feedback

signals
can

be
realized

as
listener

vocalizations.
L

istener
vocalizations

like
m

hm
,right,yeah,uh-huh

are
notonly

produced
to

m
ake

the
interac-

tion
m

ore
naturalbutalso

to
signalaffective

m
eanings

such
as

anger,am
usem

entand
epistem

ic
m

eanings
such

as
interested,agreeing.

Y
ngve

[19]investigated
responses

such
as

uh-huh,yes,okay;he
called

them
as

“be-
haviorin

the
back

channel”.D
uncan

[6]attem
pted

to
correlate

m
eaning

w
ith

segm
ental

form
s

like
yeah,rightand

I
see;w

hereas
Schegloff

[17]
and

M
cC

arthy
[10]

noted
the

m
ultifunctioning

of
vocalizations.L

ater
studies

[8,18]
indicates

thatseveralbehavior
properties

like
segm

entalform
,intonation,voice-quality

have
influence

on
the

m
eaning

conveyed
by

vocalizations.
A

lthough
severalstudies

attem
pted

to
understand

m
eanings

of
vocalizations,there

has
been

not
m

uch
focus

on
how

these
vocalizations

can
be

used
for

synthesis.
A

n
integrative

accountofallthese
studiesm

ustbe
considered

in
a

biggerpicture.Itrequires
the

follow
ing

sequence
of

steps:(i)
identification

of
suitable

m
eaning

descriptors;(ii)

annotation
of

appropriateness
for

each
m

eaning
descriptor;

(iii)
identifying

a
typical

im
pression

of
m

eanings
for

each
vocalization;(iv)

analyzing
the

im
pactof

behavioral
properties

like
segm

ental
form

and
intonation

on
perceived

m
eaning.W

e
attem

pt
the

above
steps

in
this

paper.
In

order
to

synthesize
an

appropriate
listener

vocalization,w
e

require
tw

o
kinds

of
inform

ation
abouteach

of
the

available
vocalizations

[13]:a
typicalim

pression
of

the
m

eaning
that

the
vocalization

could
convey;

and
how

appropriate
is

the
vocalization

for
a

given
m

eaning.In
this

paper,w
e

experim
enta

m
ethodology

to
find

m
eanings

of
vocalizations

thatare
usable

for
synthesis.W

e
conducta

listening
testw

here
subjects

annotate
(characterize)

a
setof

listener
vocalizations

using
a

m
ulti-dim

ensionalsetof
m

eaning
descriptors.

C
onsidering

the
possibility

to
im

prove
acoustic

variability
using

im
posed

intona-
tion

contours
[14],w

e
also

investigate
the

relevance
of

intonation
and

segm
entalform

on
the

perceived
m

eaning.T
his

m
otivates

the
procedure

ofstim
uliselection

forthe
ex-

perim
ent.

T
he

paper
is

organized
as

follow
s.In

Section
2

the
vocalizations

database
used

in
this

study
is

described.Section
3

describes
ourm

eaning
descriptors

used
in

this
study.In

Section
4

our
approach

to
selectrepresentative

vocalizations
is

explained.In
this

section
the

perception
experim

entis
also

explained.In
Section

5
m

ain
results

are
discussed

and
in

Section
6

findings
are

sum
m

arized.

2
Vocalizationsdatabase

To
collectnaturallistener

vocalizations
from

dialogue
speech,w

e
recorded

abouthalf
an

hour
of

free
dialogue

w
ith

professionalB
ritish

actors.Four
B

ritish
actors

w
ere

se-
lected

for
four

Sensitive
A

rtificial
L

istener
(SA

L
)

voices:
cheerful

(Poppy),
neutral

(Prudence),gloom
y

(O
badiah),and

aggressive
(Spike)

voices.T
he

B
ritish

actors
w

ere
originally

chosen
for

the
recordings

required
for

building
new

T
T

S
voices.In

addition
to

speech
synthesis

recordings,free
dialogue

of
around

30
m

inutes
w

as
recorded

w
ith

each
of

the
B

ritish
speakers.T

he
recording

setup
and

instructions
given

to
the

actors
are

described
in

[15].

Prudence
Poppy

Spike
O

badiah
C

orpus
duration

(in
m

inutes)
25

30
32

26
num

berofvocalizations
128

174
94

45
Table

1:B
ritish

E
nglish

listenervocalizations
recorded

forthe
fourSA

L
characters

O
nce

the
dialogue

w
as

recorded
for

allfour
characters,listener

vocalizations
w

ere
m

arked
on

the
tim

e
axis

and
transcribed

as
a

single
(pseudo-)w

ord,
such

as
m

yeah
or

(laughter).W
ith

respect
to

the
num

ber
of

listener
vocalizations

they
produced

the
speakers

varied
enorm

ously.W
hereas

O
badiah

produced
only

45
vocalizations,Poppy

produced
174

(see
Table

1).

3
M

eaning
descriptors

W
e

started
by

establishing
a

list
of

m
eaning

dim
ensions,based

on
three

sources:
the

m
ostfrequentcategories

in
an

exploratory
annotation

study
on

G
erm

an
listener

vocal-



izations
[15];the

m
ostfrequently

used
annotations

of
the

SE
M

A
IN

E
corpus

[11]
–

a
large

and
annotated

collection
of

dialogue
of

the
SA

L
dom

ain;and
a

setof
affective-

epistem
ic

descriptors
used

to
describe

visuallistenerbehavior[4].

D
escriptors

Scale
type

Source
anger

unipolar
E

m
otionalcategories

sadness
unipolar

am
usem

ent
unipolar

happiness
unipolar

contem
pt

unipolar
solidarity

unipolar
IPA

categories
antagonism

unipolar
(un)certain

bipolar
B

aron-C
ohen’s

categories
(dis)agreeing

bipolar
(un)interested

bipolar
(high/low

)anticipation
bipolar

Table
2:C

onsolidated
listofm

eaning
descriptors

used
in

this
study

T
he

three
sourcesw

ere
consolidated

into
a

listof11
descriptorsasshow

n
in

Table
2.

T
he

table
show

s
the

scale
type

(unipolar/bipolar)ofm
eaning

descriptors.W
e

m
ade

sure
thatthese

categories
are

derived
from

three
differentbackgrounds,em

otionalcategories
[7],B

aron-C
ohen’s

epistem
ic

m
entalstates

[3]
and

B
ales

Interaction
Process

A
nalysis

(IPA
)

[2].W
hereas

epistem
ic

states
can

be
used

to
transm

itattitudinalm
entalstates

of
listener,IPA

labels
can

be
used

to
convey

socialm
eanings

in
dialogue.

4
A

pproach

T
his

section
describes

ourapproach
to

annotate
m

eanings
oflistenervocalizations.A

n-
notation

of
m

eaning
for

alllistener
vocalizations

is
a

tedious
and

tim
e

consum
ing

pro-
cess.

Instead,
annotation

of
selective

vocalizations
w

ould
be

m
ore

cost
effective.

A
s

literature
[8,18]

suggests
thatthe

m
eaning

of
vocalization

highly
correlates

w
ith

seg-
m

ental
form

and
intonation,

w
e

propose
a

sem
i-autom

atic
procedure

to
select

repre-
sentative

vocalizations
of

segm
entalform

s
and

intonation
contours

in
the

corpus.T
his

also
facilitates

us
to

investigate
the

relevance
of

segm
entalform

and
intonation

on
the

perceived
m

eaning.

4.1
Stim

uliselection

T
he

stim
uliare

selected
based

on
a

sem
i-autom

atic
clustering

of
intonation

contours.
Forclustering

vocalizations
according

to
intonation,a

contourw
as

autom
atically

com
-

puted
foreach

vocalization
by

fitting
a

3rd-orderpolynom
ialto

f0
valuesextracted

using
the

Snack
pitch

tracker[9].Polynom
ials

can
approxim

ate
intonation

contours
ofspeech

signalin
unvoiced

regions.Separately
foreach

speaker,w
e

used
K

-m
eans

clustering
of

intonation
contours

to
identify

the
vocalizations

w
ith

a
sim

ilarintonation.

Tw
o

sets
ofstim

uliw
ere

m
anually

extracted
from

the
clustered

data
forthe

purpose
of

selecting
representative

vocalizations
that

cover
the

m
axim

um
num

ber
of

possible
segm

entalform
s

and
intonation

contours.W
e

aim
ed

for
tw

o
sets

thatcontain,on
one

hand,stim
uliw

ith
the

sam
e

segm
entalform

(as
determ

ined
from

the
single-w

ord
de-

scription)
varying

in
intonation

(identified
in

the
follow

ing
as

fixed
segm

ental
form

);
and

on
the

other
hand,stim

uli
w

ith
the

sam
e

intonation
(flat

intonation
contour)

and
varying

in
segm

ental
form

(henceforth,fixed
intonation

contour).T
hus

w
e

m
anually

selected
sam

ples
from

clusters
as

follow
s:

(i)
in

order
to

get
w

ide
range

of
contour

shapes,w
e

selected
one

ortw
o

representative
sam

ples
from

each
clusterw

ith
sam

e
seg-

m
entalform

(i.e.yeah);(ii)
w

e
selected

sam
ples

w
ith

differentsegm
entalform

s
from

a
single

clusterw
here

contourshape
is

constant.Table
3

show
s

the
num

berofselected
stim

uliforthe
experim

ent.

C
haracter

Fixed
segm

entalform
Fixed

intonation
contour

Poppy
15

8
Spike

10
9

O
badiah

5
8

Prudence
8

9
Total

38
34

Table
3:C

haracterw
ise

num
berofvocalizations

selected
form

eaning
annotation

4.2
Perception

experim
ent

Scale-based
ratings

capture
inherent

am
biguity

m
ore

than
forced-choice

test.W
e

de-
signed

a
w

eb-based
perception

study
for

participants.T
he

firstpage
provided

instruc-
tions,

the
second

page
collected

dem
ographic

inform
ation

and
the

follow
ing

pages
present

the
audio

and
rating

scales
one

at
a

tim
e,

as
show

n
in

Figure
1.

T
he

stim
uli

w
ere

presented
to

the
participants

in
a

random
order

for
elim

inating
order

and
fatigue

effects.Participants
could

play
the

audio
as

m
any

tim
es

as
they

liked
before

providing
m

eaning
ratings.

A
5-points

L
ikert

scale
for

each
m

eaning
w

as
used:

from
1

(abso-
lutely

no
attribution)to

5
(extrem

ely
high

attribution)forunipolarm
eaning

categories;
from

-2
(extrem

ely
negative

attribution)to
+2

(extrem
ely

positive
attribution)forbipo-

lar
m

eaning
categories.“N

o
R

ealIm
pression”

option
w

as
provided

for
each

m
eaning

scale
in

case
the

participantis
unsure.

44
participants

(20
w

om
en,24

m
en)

took
partin

the
annotation

study.22
partici-

pants
provided

ratings
for

the
vocalizations

in
testsetfixed

segm
entalform

(9
w

om
en,

13
m

en)
and

22
participants

rated
vocalizations

in
testsetfixed

intonation
contour

(11
w

om
en,11

m
en).

5
R

esultsand
discussion

In
order

to
study

each
of

the
vocalizations

per
m

eaning,
w

e
first

introduce
the

term
m

eaning-vocalization
com

bination
thatis

used
in

the
restof

this
paper.E

ach
vocaliza-

tion
can

convey
m

axim
ally

11
m

eanings
used

in
the

corpus
annotation.O

ne
stim

ulus



Fig.1:A
screenshotofthe

w
eb

page
forthe

perception
study

indicates
11

m
eaning-vocalization

com
binations.Forexam

ple,in
the

case
ofPrudence

(see
Table

4),187
m

eaning-vocalization
com

binations
(17

stim
uli*

11
m

eaning
cate-

gories)w
ere

available
foranalysis.

5.1
H

igh
versusL

ow
agreem

ent

Table
4

show
s

the
high

variability
on

agreem
entofm

eaning-vocalization
com

binations
for

Prudence.In
this

table
high

agreem
entis

identified
w

ith
circles

or
arrow

s
and

low
agreem

ent
is

identified
w

ith
a

dot
(·).In

order
to

identify
high

agreem
ent

versus
low

agreem
entofm

eaning-vocalization
com

binations,w
e

com
puted

the
interquartile

range
(IQ

R
)ofratings

provided
foreach

com
bination.W

e
considered

thata
com

bination
has

high
agreem

entifthe
IQ

R
ofthe

com
bination

is
less

than
one

third
ofthe

m
eaning

scale
range.In

otherw
ords,a

com
bination

has
high

agreem
entifm

ore
than

50%
ofthe

raters
agree

w
ithin

one
third

of
the

m
eaning

scale
range.T

he
high

agreem
entcom

binations
indicates

typicalim
pression

ofthe
m

eaning
on

the
vocalization.

Table
4

show
s

that
the

num
ber

of
low

agreem
ent

annotations
(identified

as·)
are

higher
in

the
fixed

intonation
contour

setw
hen

com
pared

to
the

fixed
segm

entalform
setforPrudence.T

he
sam

e
tendency

w
as

observed
w

hen
taking

into
accountallthe

vo-
calizations

in
ourcorpus,thatis

792
(72

stim
uli*

11
categories)m

eaning-vocalization
com

binations,
from

w
hich

418
com

binations
belong

to
the

fixed
segm

ental
form

set
and

374
belong

to
the

fixed
intonation

contour
set.Figure

2
show

s
a

globalpicture
of

high
agreem

ent
versus

low
agreem

ent
com

binations
for

all
the

corpus.W
hile

around
60%

of
the

fixed
segm

entalform
com

binations
show

high-agreem
ent,only

40%
of

the
fixed

intonation
contour

com
binations

show
high-agreem

ent.
T

his
seem

s
to

indicate
thatthe

participants
perceived

m
ore

distinguishable
inform

ation
from

intonation
w

hen
com

pared
to

segm
entalform

.In
otherw

ords,this
evidence

indicates
thatthe

intonation
contouris

highly
relevantforsignaling

m
eaning

w
hen

com
pared

to
phonetic

segm
ental

form
.

5.2
A

ppropriatenessofhigh
agreem

entannotations

N
otallvocalizations

w
ith

high
agreem

entm
ay

be
suitable

to
convey

a
specific

m
eaning

forsynthesis.In
this

w
ork

the
suitability

ofa
m

eaning-vocalization
com

bination
is

cal-

Fixed
segm

entalform
Fixed

intonation
contour

segmental form

intonation-contour
anger
sadness
amusement
happiness
contempt
solidarity
antagonism
certain
agreeing
interested
anticipation

segmental form

intonation-contour
anger
sadness
amusement
happiness
contempt
solidarity
antagonism
certain
agreeing
interested
anticipation

yeah
◦

·◦
◦

·
↑

◦
↑

↑
◦

◦
tsyes

·
·
·

·
·

·
·
↑

◦
·

·

yeah
◦
⇑

◦
◦

◦
·

◦
◦

◦
·
◦

tsyeah
·
·
·
◦

·
·

·
·

·
·
◦

yeah
◦

·◦
◦

·
·

◦
↑

↑
◦

↑
m

hm
·
·◦

◦
·

↑
·

·
◦

·
·

yeah
◦
◦

·
·

◦
⇑

◦
↑

↑
↑

·
yeah

·
·◦

◦
·

·
·
↑

·
·

·

yeah
◦

·◦
◦

◦
·

·
◦

↑
·

·
yes

·
·◦

◦
·

·
·
◦

◦
◦

↑

yeah
◦
◦
⇑

⇑
◦

⇑
◦

↑
↑

↑
·

right
·
◦
◦

◦
·

·
·

·
·

·
·

yeah
◦

·◦
◦

◦
·

◦
◦

◦
↓

◦
tsright

·
·◦

◦
·

·
·
↑

·
·
◦

yeah
◦

·◦
◦

·
↑

·
·

·
↓

◦
aha

◦
◦

·
·

·
⇑

◦
↑

↑
↑

↑

tsgosh
◦
◦

·
·

·
·

◦
◦

◦
◦

◦

Table
4:

Segm
ental

form
,

intonation
contour

and
m

eaning
of

Prudence’s
stim

uli.
M

eaning-
vocalization

com
bination

is
represented

using
the

follow
ing

sym
bols.

◦:vocalization
is

notappropriate
forthe

m
eaning;

↑
or↓

:vocalization
is

som
ew

hatappropriate;
⇑

or⇓
:vocalization

is
very

appropriate
forthe

m
eaning;

·:the
annotation

has
low

agreem
ent(w

e
can

notconclude
on

appropriateness);
↓

and⇓
:negative

sides
ofbipolarscales

culated
by

com
puting

the
m

edian
of

ratings
provided

for
thatcom

bination.H
ow

ever,
w

e
can

notconclude
aboutsuitability

oflow
agreem

entratings.
W

e
distinguish

three
levels

ofappropriateness
based

on
w

here
the

participants
tend

to
agree

on
the

m
eaning

scale.A
m

eaning-vocalization
com

bination
is

very
appropriate

if
the

participants
tend

to
agree

on
positive

(in
case

of
unipolar

and
bipolar

scales)
or

negative
(in

case
ofbipolarscale)end

ofm
eaning

scale.T
he

com
bination

is
notappro-

priate
to

convey
the

m
eaning

if
they

tend
to

agree
on

‘0’.In
other

w
ords,w

e
can

say
thatthe

com
binations

are
“very

appropriate”,“som
ew

hatappropriate”,and
“notappro-

priate”
w

hen
the

m
edian

is
greater

than
tw

o
third

of
m

eaning
scale,betw

een
one

third
and

tw
o

third,and
less

than
one

third
respectively.A

m
ong

high-agreem
ent

m
eaning-

vocalization
com

binations
available

in
ourcorpus,itw

as
found

that,7.2%
(30)are

very
appropriate,22.4%

(93)are
som

ew
hatappropriate,and

70.4%
(293)are

notappropriate
com

binations.T
his

resultis
highly

relevantin
speech

synthesis,thatis,one
vocaliza-

tion
can

be
“notappropriate”,“som

ew
hatappropriate”

or“very
appropriate”

forseveral
differentm

eanings
atthe

sam
e

tim
e.T

hese
three

categories
can

be
used,for

exam
ple,

in
an

algorithm
for

unit-selection
synthesis

(i.e.vocalization
selection)

thatconsiders



Fig.2:Percentage
ofhigh

and
low

agreem
entm

eaning-vocalization
com

binations

appropriatenessto
realize

a
particularintended

(target)m
eaning.T

he
evaluation

ofsuch
unit-selection

algorithm
has

been
presented

in
[13].

5.3
Inherentam

biguity
oflistener

vocalizations

A
ccording

to
Table

4,the
vocalization

aha
can

convey
5

m
eanings

(solidarity,certain,
agreeing,interested,anticipation),w

hereas
the

vocalization
rightdoes

notconvey
any

m
eaning

available
in

our
descriptors.Figure

3
show

s
the

histogram
of

possible
m

ean-
ings

for
the

listener
vocalizations

in
our

corpus.A
m

ong
72

stim
uli,14

vocalizations
(19.5%

)
convey

no
m

eaning,
27

(37.5%
)

convey
single

m
eaning,

and
the

rem
aining

31
(43%

)
convey

m
ultiple

m
eanings.O

n
average,a

single
vocalization

in
this

corpus
can

convey
1.68

m
eanings,this

confirm
s

the
argum

entations
already

m
ade

in
the

litera-
ture

[10,17].Indeed
the

inherentam
biguity

oflistenervocalizationsisa
very

interesting
feature

to
exploitin

speech
synthesis,because

a
single

vocalization
can

be
used

in
m

ul-
tiple

instances.

Fig.3:H
istogram

ofm
ultiple

m
eanings

6
C

onclusion

In
this

paper,
w

e
explored

a
m

ulti-dim
ensional

annotation
m

ethodology
to

annotate
listener

vocalizations
in

view
of

conversationalspeech
synthesis.W

e
conclude

the
fol-

low
ing

issues
from

this
study:

(i)
this

m
ethodology

can
provide

a
typical

im
pression

of
m

eanings
from

high
agreem

entannotations;(ii)
unit-selection

algorithm
s

can
ben-

efit
from

the
annotation

of
m

eaning
on

scales:
it

captures
appropriateness

of
listener

vocalizations
for

a
given

m
eaning;(iii)

one
vocalization

can
convey

severalm
eanings,

w
hich

is
usefulfor

the
usage

of
the

sam
e

vocalization
in

severalinstances;(iv)
the

ev-
idence

indicates
that

the
intonation

contour
is

highly
relevant

for
signaling

m
eaning

w
hen

com
pared

to
the

phonetic
segm

ental
form

-
in

support
for

im
proving

acoustic
variability

using
im

posed-intonation
contours.
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A
bstract. The first couture house Y

ves Saint Laurent or the leading fashion 
designer Tom

 Ford are only a few
 that create print advertisem

ents w
hich 

particularly go back to nudity and erotism
 as a m

ean of design. D
espite 

controversial 
discussions 

sensual 
elem

ents, 
rom

antic 
them

es 
or 

sexual 
illustrations have becom

e alm
ost com

m
onplace in advertising cam

paigns. The 
use of erotic stim

uli in advertisem
ents seem

s especially interesting for products 
w

hich m
ust com

pete strongly for consum
er’s attention.  

The literature proposes different theoretical m
odels through w

hich the effects of 
these stim

uli m
ay be understood. The Stim

ulus-O
rganism

-R
esponse (SO

R
) 

fram
ew

ork is used as the basis of the research project to explore and to identify 
the em

otional states (intervened variables) w
hich influence various dim

ension 
of purchase behavior (see K

roeber-R
iel/W

einberg, 2008, S.30 et seqq). This 
outlines the follow

ing m
ain research question of the related project: “W

hat kind 
of 

em
otional 

reactions 
can 

be 
derived 

by 
erotic 

and 
sexual 

stim
uli 

in 
advertisem

ents?” The first attem
pt is to identify how

 persons respond to 
different kind of stim

uli by classifying the intensity of brain w
aves.  

O
nly little research has been done to m

easure the im
pact of sexual-oriented 

advertisem
ents on consum

er’s attitude (em
otions) or behavior (purchase). 

A
gainst this theoretical background the purpose of the research is to close this 

gap in creating an experim
ental triangulative research design that enables 

different kind of im
plicit m

ethods of em
otion m

easurem
ent that prevents bias 

w
hich usually arises (only) from

 questioned surveys. The com
bination of the 

im
plicit 

research 
m

ethods 
EEG

 
(electroencephalographic), 

eye 
tracking, 

biom
etric m

easurem
ent (heart rate, galvanic skin response etc.) (see G

röppel-
K

lein/B
raun 2001) and facial em

otion m
easurem

ent equipm
ent is applied to 

enhance the m
easurem

ent quality w
ith regard to understand consum

ers’ deep 
subconscious 

responses 
to 

sexual-oriented 
stim

uli. 
W

e 
assum

e 
that 

the 
triangulative approach (com

bining different instrum
ents to m

easure the sam
e 

research object [em
otions]) presents the best w

ay to achieve reliable results. 
W

hilst the EEG
 m

easure the m
eans of brainw

ave activity (see R
othschild et al. 

1988), the eye tracking enables the m
easurem

ent of the actually perceived 
inform

ation 
that 

com
es 

from
 

the 
hum

an 
visual 

process 
(see 

K
roeber-

R
iel/W

einberg, 2008, p.264). To get valuable inform
ation the eye tracker is 

used to verify via infrared, w
here and how

 long test persons are looking at 
different parts of the displayed fram

es (see D
uchow

ski, 2007, p.263). B
iom

etric 

and the facial em
otion m

easurem
ent provide further data to accom

pany 
brainw

ave m
onitoring and eye tracking. The last stage in the research project 

contains an explicit standardised recall survey am
ong the participants. The test 

persons 
are 

asked 
to 

give 
an 

evaluation 
of 

every 
advertisem

ent. 
The 

com
bination of different im

plicit m
ethods provides a picture of how

 persons 
respond to stim

uli m
aterial and w

hich em
otional engagem

ent they have.  
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