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Abstract 
We presents prosodic cues, i.e. duration, average 
F0 (M-F0), F0 slope (D-F0) and spectral center of 
gravity (CoG), to the functions acknowledgment, 
continuer, disagreement, surprise, enthusiasm and 
uncertainty as expressed via short vocal feedback 
by a professional voiceover artist. The post-hoc 
tests showed that most functions were expressed 
with a rather contrastive prosody and in a 
consistent fashion. Enthusiasm and surprise showed 
a higher average F0, as well as shorter duration 
which also acknowledgment showed.  The function 
of continuer showed rising F0 which was 
contrastive to all other functions. The least 
contrastive functions, disagreement and 
uncertainty, only differed in M-F0, while surprise 
and enthusiasm differed only in CoG.  

Introduction 
The course of conversation is frequently 
scattered by short feedback tokens, like “okay”, 
“u-hu” and “m-m”. The functions of these are 
suggested to support the grounding process as 
well as expressing affect in general. Allwood et 
al. (1992) describe four basic communicative 
functions of feedback that corresponds to 
Clark’s grounding levels (Clark, 1994). These 
are willingness and ability to (a) continue 
interaction (b) perceive expression and message 
(c) understand expression and message (d) give 
other attitudinal reactions to expression, 
message or interlocutor. The latter include 
acceptance, non-acceptance and other 
emotional expressions such as interest, surprise, 
joy, sadness, all expressed via tone and salient 
wording. All mainstream theories on emotions 
predict an unlimited space of expressions; see 
Scherer (2009) for an overview. Although some 
theories propose compositional dimensions to 
the emotional space it not obvious to choose 
one component system over another. Instead 
we treat the categorization problem as an open 
class problem which let us to raise the 
following questions: 

1. Which functions do people usually 
express? 

2. Which functions are important for 
grounding? 

3. Which functions are important for a 
social domain? 

An attempt to answer the first question was 
done in (Neiberg et al, 2012) by letting subjects 
judge functional similarity of spontaneous 
occurring feedback tokens, without any 
directions on which functions to judge, and 
asking them afterwards on how they 
approached the task. The follow-up survey 
gave that they were listening to: interest, 
surprise, certainty, uncertainty, agreement, 
acceptance, confirmation and boredom. 
Allwood (1992) has made important 
contributions to answer question number two 
by postulating the functions contact, 
perception, and acceptance and showing how 
these can be used for grounding. Whether other 
functions are important for grounding remains 
to show, but the function of surprise is a 
possible candidate since it indicates reception 
of new information. Question number three is 
difficult to answer due to the wide scope and it 
is also linked to emotion theory in general. 
However, one approach might be to describe 
goal-driven interaction rules based on the 
answers from question one and two. 

Background 
Today’s spoken dialogue systems are being 
considered for areas and applications beyond 
simple directory inquiries and travel booking – 
such as social and collaborative applications, 
education and entertainment. These new areas 
call for systems to be increasingly human-like 
in their conversational behavior (Edlund, et al. 
2008). An important step in this direction is the 
generation, detection, classification and 
parameterization of functions of feedback 
tokens (Bell and Gustafson, 2000; Hjalmarsson, 
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2010; Gustafson and Neiberg, 2010; Neiberg 
and Gustafson, 2010).  

Aim of this study 
The purpose of the current study is to collect 
and analyze data for conversational speech 
synthesis within SAMSYNT project, which has 
the aim of developing and verifying ways of 
including interactional phenomena in speech 
synthesis. The resulting synthesizer will be 
used in the IURO project, which aims to 
explore how robots can be endowed with 
capabilities for extracting missing information 
from humans through spoken interaction 
(Johansson et al., 2011).  

A common metaphor of studying the 
communicative aspect of emotions is the 
Brunswikian lens model (Scherer, 1978). It 
describes a process which starts with an 
encoding stage of emotional expression which 
changes a number of acoustic features of the 
voice – the distal indicators – for example 
fundamental frequency (F0). In the receiving 
party these are decoded as proximal percepts, 
i.e. the F0 is perceived as pitch, and then an 
emotional “gestalt” is formed. This study 
focuses on the encoding stage which is 
supposed to be followed up by a study on the 
decoding stage. 

Data 
The current dataset was produced in a 
cooperative project between the speech group 
at KTH and the speech synthesis company 
Cereproc 1 . The aim was to record feedback 
tokens such as “ah”, “m-hm”, “m-m”, “n-hn”, 
”oh”, “okay”, “u-hu”, “yeah” and “yes” that 
expressed expressions like acknowledgment, 
continuer, disagreement, surprise, enthusiasm 
and uncertainty. In a first recording session all 
tokens were given a dialogue context to act out, 
that would help the professional voiceover 
artist 2 to produce all feedback token with all 
expressions, like:  

- You should continue for about 3 blocks 
and pass the opera. 

- Yeah. *uncertain* 
This gave a combination of 54 types of 
expressions, each uttered 3 times, which in total 
gave 162 vocal expressions. In a second phase 
the two were recorded while playing chess, and 
in a third recording they engaged in socializing 
                                                        
1 http://www.cereproc.com/ 
2 Paul Hamilton, http://www.pajh.org/acting/index.html 

conversation. The latter two phases elicited 
feedback tokens with subset of the expressions 
recorded in the scripted one.  

Method 
We used the SNACK toolkit to compute the 
prosodic measurements average F0 (M-F0), 
standard deviation of F0 (S-F0), the slope or 
delta of F0 (D-F0), average intensity (M-I) and 
spectral center of gravity (CoG) for the acted 
recordings of the first phase. The last three cues 
were computed between the first and last 
voiced frames in order to achieve consistent 
segmentation. The F0 measurements were 
converted into semitones.  

Results 
The correlations between the measurements are 
shown in Table 1. The cues S-F0 and M-I 
shows rather high correlation with M-F0 which 
made us to exclude these cues from further 
analysis. 
 
Table 1. Correlations between the prosodic cues as 
measured in the data set. M-F0: average F0, S-F0: 
standard deviation of F0, D-F0: the slope or delta 
of F0, M-I: average intensity and CoG: spectral 
center of gravity. 

 Dur M-F0 S-F0 D-F0 M-I CoG 
Dur 1.0 -0.5 -0.4 0.4 -0.5 -0.4 
M-F0  1.0 0.7 -0.2 0.8 0.1 
S-F0     1.0 -0.3 0.5 0.3 
D-F0     1.0 -0.3 -0.1 
M-I      1.0 0.1 
CoG      1.0 
 

A one-way analysis of variance was used to 
test the effect of the six functions for the 
selected prosodic cues. The effect of duration 
yielded an F-ratio of F(5,156) = 32.4, p << 
0.01, the effect of M-F0 yielded an F-ratio of 
F(5,156) = 131.8, p << 0.01; the effect of D-F0 
yielded an F-ratio of F(5,156) = 5.51 p << 0.01 
and CoG yielded a F-ratio of F(5,156) = 5.8, p 
<< 0.01. 

The effects were further examined via 
Tukey-Kramer post hoc-tests at the p < .05 
level. The full results are shown in Table 2 and 
the two most salient cues (in terms of F-ratio) 
are shown in Figure 1. 
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Table 2. Post-hoc tests using 95% confidence 
intervals. The prosodic cues are M-F0: average 
F0,  D-F0: the slope or delta of F0 and CoG: 
spectral center of gravity. The functions are 
abbreviated as sur: surprise, unc: uncertainty, 
dis: disagreement, con: continuer, ent: 
enthusiastic and ack: acknowledgment. 

 
Duration 

Func. M SD Diff. to. Factor. 
sur 0.25 0.018 unc,dis,con 
unc 0.45 0.018 ent,ack 
dis 0.44 0.018 ent,ack 
con 0.43 0.018 ent,ack 
ent 0.24 0.018 unc,dis,con 
ack 0.24 0.018 unc,dis,con 

M-F0 
sur 87.23 0.42 unc,dis,con,ack 
unc 77.92 0.42 dis_sur_ent 
dis 76.19 0.42 sur,unc,dis,ack,ent 
con 77.41 0.42 sur,ent 
ent 86.34 0.42 unc,dis,con,ack 
ack 79.04 0.42 dis,sur,ent 

D-F0 
sur -15.50 5.71 con 
unc -8.24 5.71 con 
dis -13.19 5.71 con 
con 15.60 5.71 sur,unc,dis,ent,ack 
ent -14.39 5.71 con 
ack -23.40 5.71 con 

CoG 
sur 555.43 44.0 ent 
unc 465.90 44.0 con,ent 
dis 481.20 44.0 ent 
con 649.17 44.0 unc 
ent 743.33 44.0 sur,unc,dis 
ack 612.37 44.0  

 

Discussion 
The post-hoc tests showed that most functions 
were expressed with a rather contrastive 
prosody in a consistent fashion. However, 
disagreement and uncertainty only differed in 
M-F0, while surprise and enthusiasm differed 
only in CoG. This casts doubts on whether 
subjects will be able to decode these as 
different functions, or at least, one would 
expect a higher confusion rate between these.  

The finding that enthusiasm is expressed 
with a high M-F0, short duration and high 
CoG is in agreement on what would be 
expected from theoretical predictions on how 

 

 
Figure 1. Selected ANOVA results as boxplots. The 
functions are abbreviated as sur: surprise, unc: 
uncertainty, dis: disagreement, con: continuer, ent: 
enthusiastic and ack: acknowledgment. 

arousal, i.e. activation in the somatic nervous 
system,  causes tensions in muscles and 
increases subglottal pressure which in turn 
causes higher average F0, faster speaking rate 
and tenser voice (Scherer, 1986). 

Predictions on surprise in terms of novelty 
evaluation checks are limited to rapid sudden 
inhalation (Scherer, 1986), but the release of 
inhaled air from the lungs might explain the 
similarity of the findings between the cues for 
enthusiasm and surprise.  Expression of 
surprise has been studied for affirmative cue 
words in American English by (Lai, 2009). Via 
Likert-scale correlates, surprise was found be 
expressed by high average F0 – which is 
concurrent with the present study – but also 
longer duration - which contrasts with the 
present study . 

The function of continuer was found to be 
expressed with a positive D-F0. This result is 
concurrent with the interpretation of rises in 
cue words as an indication that the current 
question under discussion is unresolved (Lai, 
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2010). Final rises have also been empirically 
linked to continuers in Swedish (Wallers, 2006) 
and “m-m” with final rise has been interpreted 
as a continuer in English (Gardner, 2001). 

Finally, we provide two speculations. The 
first is that the longer durations for uncertainty, 
disagreement and continuer might be correlated 
to high cognitive processing, i.e. it displays that 
the subject is thinking of what is being said. 
The second is that the low average F0 for 
disagreement might indicate a somewhat more 
authoritative role since disagreement involves 
taking a standpoint against the presented claims 
and statements. 

Conclusions 
The present study has described cues to six 

function of feedback: acknowledgment, 
continuer, disagreement, surprise, enthusiasm 
and uncertainty as expressed by a professional 
actor. Enthusiasm and surprise showed a higher 
average F0, as well as shorter duration which 
also acknowledgment showed.  The function of 
continuer showed rising F0 which was 
contrastive to all other functions. The functions 
of disagreement and uncertainty only differed 
in average F0, while surprise and enthusiasm 
differed only in spectral center of gravity. 
These results are promising since they indicate 
that the actor was successful in encoding these 
functions.  

This study will be followed up by a study 
on the so called decoding stage in terms of the 
Brunswikian lens model, i.e. by conducting 
listening experiments to determine whether 
humans, on average, can perceive these 
functions. We also intend to compare acted and 
spontaneous vocalizations and hypothesize that 
acted vocalizations are more effectively 
communicated. 

Acknowledgements 
Funding was provided by the Swedish Research 
Council (VR) project “Introducing interactional 
phenomena in speech synthesis” (2009-4291), 
and by the European Commission project 
IURO (Interactive Urban Robot), grant 
agreement no. 248314. 

References 
Allwood, J., Nivre, J., and Ahlsen, E. (1992). On the 

Semantics and Pragmatics of Linguistic Feedback. 
Journal of Semantics 9, 1–26. 

Clark, H.H. (1994). Managing problems in speaking. 
Speech Communication 15, 243–250. 

Edlund, J., Gustafson, J., Heldner, M., and Hjalmarsson, 
A. (2008). Towards human-like spoken dialogue 
systems. Speech Communi-cation, 50(8-9), 630-645. 

Gardner, R. (2001). When listeners talk: Response tokens 
and listener stance. Amsterdam and Philadelphia: 
John Benjamins Publishing Company. 

Gustafson, J., and Neiberg, D. (2010). Prosodic cues to 
engagement in non-lexical response tokens in 
Swedish. In Proceedings of DiSS-LPSS Joint 
Workshop 2010. Tokyo, Japan. 

Hjalmarsson, A., 2010. Human interaction as a model for 
spoken dialogue system behaviour. Ph.D. thesis. 
Royal Institute of Technology (KTH). 

Johansson, M., Skantze, G., and Gustafson, J. (2011). 
Understanding route directions in human-robot 
dialogue, in: Proceedings of SemDial, Los Angeles, 
CA. pp. 19–27. 

Lai, C. (2009). Perceiving surprise on cue words: 
Prosody and semantics interact on right and really, 
in: Proceedings of Interspeech’09, Brighton, UK. 

Lai, C. (2010). What do you mean, you’re uncertain?: 
The interpretation of cue words and rising intonation 
in dialogue, in: In Proceedings of Interspeech 2010, 
Makuhari, Japan. 

Neiberg, D., Giampero, S. and Gustafson, J.. (submitted). 
Semi-supervised methods for exploring the acoustics 
of simple productive feedback in Swedish. Speech 
Communication. 

Neiberg, D., and Gustafson, J. (2010). The Prosody of 
Swedish Conversational Grunts. In INTERSPEECH 
2010, 11th Annual Conference of the International 
Speech Communication Association (pp. 2562-
2565). Makuhari, Chiba, Japan. 

Neiberg, D., and Truong, K. (2011). Online Detection Of 
Vocal Listener Responses With Maximum Latency 
Constraints. In Acoustics, Speech and Signal 
Processing (ICASSP), 2011 IEEE International 
Conference on (pp. 5836 - 5839). Prague, Czech 
Republic. 

Scherer, K. R. (1978).  Personality inference from voice 
quality: The loud voice of extroversion. European 
Journal of Social Psychology. 8, 467-487. 

Scherer, K. R. (1986).  Vocal affect expression: A review 
and a model for future research. Psychological 
Bulletin. 99, 143-165. 

Scherer, K. R. (2009).  Emotions are emergent processes: 
They require a dynamic computational architecture. 
Philosophical Transactions of the Royal Society, 
Series B. 364, 3459-3474. 

Wallers, Å. (2006). Minor sounds of major importance - 
prosodic manipulation of synthetic backchannels in 
Swedish. Master’s thesis. KTH Stockholm - School 
of Computer Science and Communication. 


	Towards letting machines humming in the right way - prosodic analysis of six functions of short feedback tokens in English
	Introduction
	Background
	Aim of this study

	Data
	Method
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


