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ABSTRACT 

Prosody plays a big role in the human speech and is used for expressing 
emotions and attitudes in addition to the lexical words. This study looks at the 
possibility to use prosody in expressing attitudes with backchannels, such as 
/oh/, /m/, /uhu/ etc. In the study, two monosyllabic backchannels, /a/ and 
/m/, were chosen, created synthetically and manipulated systematically with 
regards to the prosodic properties pitch, peak position, and duration. Each 
stimulus was put in a context, and the task was for the participants to choose 
among five answer alternatives a suitable interpretation of the backchannel. 
The results show that the meaning of a backchannel mainly changes with the 
peak position property, but interaction effects of the combination with pitch 
and duration could also be seen. Some stimuli have received fairly 
unambiguous results, which is an indication that they sound natural and are 
easy to interpret. This is a positive result for the continuous research of usage 
of backchannels in spoken dialogue systems. 

 

SAMMANFATTNING 

Prosodin har stor betydelse för det mänskliga talet, och används för att 
uttrycka emotioner och attityder i tillägg till de lexikala orden. Denna studie 
behandlar möjligheten att med prosodi uttrycka olika attityder med hjälp av s.k. 
backchannels, eller returord, som t.ex. /m/, /a/, /aha/, /mhm/ osv. Två 
enstaviga backchannels, /a/ och /m/, valdes ut, skapades syntetiskt och 
manipulerades systematiskt med avseende på de prosodiska egenskaperna 
grundton, placering av grundtonstopp, och duration. Varje stimulus sattes i en 
kontext och försökspersonerna fick utifrån fem svarsalternativ avgöra vad de 
ansåg att backchanneln betydde i sammanhanget. Resultaten visade att 
betydelsen hos en backchannel ändrades främst beroende på placering av 
grundtonstopp, men interaktionseffekter med grundton och duration kunde 
även påvisas. Vissa stimuli ser entydiga svar, vilket tyder på att de låter naturliga 
och är lätta att tolka. Detta ses som positivt för den fortsatta forskningen på 
användning av backchannels i dialogsystem. 
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ÅSA WALLERS 

CHAPTER 1:   

BACKGROUND 

Spoken dialogue among humans is a very intricate and fine-tuned process 
which puts high demands on the participants’ ability to perceive, produce and 
adjust inputs and outputs according to the flow of the dialogue, as well as to 
the context and the environment. In a conversation, the participants take turns 
talking, and it seems that the speaker transition is, for the most part, a very 
smooth interaction where the speech does not overlap notably (Levinson, 
1983). This is no small achievement, considering that there is no fixed protocol 
to follow, or any pre-decided order in which to speak. What, then, makes the 
conversation flow so smoothly among humans? There have been theories of 
syntactic completion, of specific prosodic patterns, of attitudinal completion, 
and more. The concept of turn-taking in spoken dialogue is a major field of 
study in (psycho) linguistic research, and is too wide an issue to be addressed in 
this thesis (but see section 2.3.1 for a short discussion). 

Today, computerized systems using speech technology are becoming 
increasingly good at dealing with online (real-time) analysis of human speech 
and at giving suitable responses. Efforts have been made to make systems give 
properly timed feedback, but there are great difficulties in imitating and 
replicating the split-second timing humans show in taking turns of spoken 
dialogue. Many researchers working with the development of spoken dialogue 
systems have shown interest in prosodic features when trying to make the 
system handle the turns properly in the conversation (Edlund & Heldner, 
2005; Hirschberg, 2002; Nöth et al, 2002; Shriberg et al, 1998; Swerts & 
Ostendorf, 1997).  

One of the starting points for this thesis is the paper by Edlund, House and 
Skantze (2005), where it was found that prosody in monosyllabic words, used 
in clarification ellipses, can create different meaning depending on the 
fundamental frequency (F0) pattern. Their results show that different F0 peak 
positions can be mapped to meanings corresponding to different LEVELS OF 
GROUNDING (described in section 2.3.2). This thesis will use their findings and 
extend their research to a specific type of utterances: BACKCHANNELS 
(described in section 2.1). 

Another starting point is to make a contribution to speech technology 
research, and investigate the possibility of using backchannels in dialogue 
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systems. The approach here is to use a human-human dialogue metaphor to 
investigate various aspects of human speech that could be incorporated into 
computerized dialogue systems. The backchannels used in this study will be 
created synthetically and evaluated with regards to prosody.  

1.1. Paper outline 
To be able to conduct the proposed experiments, background information 
from various fields of research is required. The concept of backchannels will 
be described in section 2.1. Prosody in general and in connection to 
backchannels will be described in section 2.2. Some conversational structure 
and the use of language will be described in section 2.3. The basic structure 
and functionality of speech producing systems will be described in 2.4. Finally, 
the object of the study will be presented in section 2.5. 

A feasibility study has been conducted to determine what material that should 
be used, and is described in chapter 3. The main experiment will be described 
in chapter 4. The results of the experiment will be presented in chapter 5. The 
discussion of the results will be presented in chapter 6. A post-experimental 
reorganization of the results, and implications thereof, will be presented in 
chapter 7. Finally, summary and conclusions will be presented in chapter 8, and 
some suggestions for future work will be discussed in chapter 9. 
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CHAPTER 2:   

INTRODUCTION 

2.1. Backchannels 
In human spoken dialogue, it has been shown that people use a large amount 
of feedback (Allwood, 1987). The feedback can consist of words, phrases, 
hand gestures, head nods etc. One type of feedback is made up of small 
utterances, such as monosyllabic words or noises. These utterances are known 
as backchannels (Gumperz, 1982). They are not considered to be attempts to 
take the conversational floor but rather thought of as means to indicate that 
the channel is still open, that communication is still working, and that the 
speaker can go on talking. Backchannels can also be used to indicate 
disagreement or confusion, but are still not (for the most part) an attempt to 
take the floor.  

One definition provided by Ward (1996) states that backchannel feedback: 

1. responds directly to the content of an utterance of the speaker, 
2. is optional, and 
3. does not require acknowledgment by the speaker. 

 
According to Ward, the first characteristic rules out mere grunts, which (he 
claims) often seem to emphasize the speaker’s previous utterance. In a later 
publication (Ward & Tsukahara, 2000) grunts are not mentioned, but an 
explanation of the first characteristic states that it rules out “post-completion 
vocalization” (Ward & Tsukahara, 2000, p. 1182) i.e. feedback that a speaker 
adds after finishing the original statement, or self-feedback. The first 
characteristic is also said to rule out feedback which occurs several seconds 
after the previous utterance (Ward, 1996). The second characteristic is said to 
rule out direct answers to questions, even if they are just grunts. The third 
characteristic is said to rule out questions like huh? 1 It is also said to rule out 
grunts which become full utterances (where the speaker continues talking) 
(Ward, 1996).  

                                                 
1 However, one might come across backchannels that clearly indicate confusion even though 
they are not direct questions, but merely a grunt. This type of backchannel may not have to be 
acknowledged by the speaker, but probably should be so in order for the communication to 
progress smoothly. Upon hearing a disagreeing or confused backchannel, the speaker therefore 
has the choice to either ignore it, or to go back and further explain what was previously said.
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Backchannels have not, with a few exceptions, been included in traditional 
linguistic research. Since backchannels lack meaning in the conventional 
dictionary sense of the word, they do not fit into the research. In addition, they 
are not incorporated into clausal structures, which have led to their exclusion 
from recent research. (Gardner, 2001). 

Backchannels can be grouped into different categories based on their function. 
Jurafsky et al (1998) uses four types of utterances (continuers, assessments, 
incipient speakership, and agreements) as subtypes of backchannels, and notes 
that they strongly overlap in their lexical realization and are distinguished 
mainly by their prosodic features (further discussed in section 2.2). The most 
common kind of backchannel is the CONTINUER, a short utterance which 
indicates that the speaker is okay to go on talking (Jurafsky et al, 1998). 
Gardner (2001) extends the list of backchannel subtypes to eight (continuers, 
acknowledgements, news markers, change-of-activity tokens, assessments, brief 
questions, collaborative completions, and non-verbal vocalizations) and 
discusses four of these (continuers, acknowledgements, news markers, change-
of-activity tokens) as RESPONSE TOKENS. Response tokens, according to 
Gardner, are  

“examples of action types of a non-primary speaker (or current listener) in interactive talk, 
and demonstrate the evidence of the stance that the recipient in the talk is taking at that 
moment” (Gardner, 2001. p.3).  

The backchannels I have studied in this paper can be thought of as response 
tokens, but I will continue referring to them simply as ‘backchannels’.2

2.1.1. Summary 
In this section, I have presented the major topic of this thesis, backchannels. 
Backchannels are very common in the spoken dialogue among humans, and 
seem to hold a lot of information about how the listener perceives the 
information delivered by the speaker, the listener’s attitudes and beliefs, as well 
as the status of other processes involved in the dialogue.  

2.2. Prosody 
Traditionally, linguistic research has been conducted on written material, 
putting lexical properties and syntactic structure in main focus (Linell, 1982). 
However, when spoken language is of interest (as in research on spoken 
dialogue systems), lexical properties alone are less than often a good measure 

                                                 
2 Gardner (2001) notes that the concept ‘backchannels’ is a broad notion, and that a wide range 
of functionally very varied tokens is covered by the term, and that the differences can easily be 
obscured. This is probably true, but I will not engage further in the discussion of distinguishing 
one type of backchannel from another, since my study only deals with a certain type of 
backchannels. 

 4 



ÅSA WALLERS 

to how the language is used and understood. Spoken language has unique 
properties not found in written language, one of the more important being 
prosody, or the melody of the spoken language. Prosody consists of the 
phonetic parameters duration (perceived as length), intensity (perceived as 
loudness) and pitch (mainly the fundamental frequency, F0) (Kent & Read, 
2002). Prosody is one of the keys to dissolving ambiguity, and to add emotions 
and attitudes to the semantic content of the spoken words. Fodor (2002) 
argues that prosody is present even in silent reading, i.e. that prosody is 
mentally projected by readers onto the written word string, and that it should 
therefore not be excluded even from the text-based studies of linguistic 
research.  

The Scandinavian languages are characterized by their word accents, a property 
that occurs in addition to word stress in most dialects of Danish, Norwegian 
and Swedish (Bruce & Hermans, 1999). Word accent is important for the 
lexical meaning in a couple of hundred polysyllabic word pairs, for example 
anden [ándɛn] (“the duck”) and anden [àndɛn] (“the spirit”), and can be hard for 
non-native speakers to distinguish between (Elert, 1989). Stress in Swedish is 
usually put on the first syllable of a word, but this rule is far from exclusive. In 
some word pairs the lexical meaning is changed depending on the position of 
the stress, as in for example formel ['fɔrmɛl] (“formula”) and formell [fɔr'mɛl] 
(“formal”) (Elert, 1989). Bruce (1998) writes that prosody has a number of 
linguistic and communicative functions such as prominence, grouping, and a 
number of other discourse and dialogue functions. However, Bruce’s work is 
mainly aimed at prominence and grouping, while the interest of this study is 
the discourse and dialogue functions.  

2.2.1. Prosody and backchannels 
Most of the research done in the area of prosodic analysis and backchannels 
has been aimed at detecting what features of the prosodic signal might elicit 
backchannels from the listener. Regions of low pitch seem to have a 
backchannel eliciting effect, and these regions also often occur at points where 
the speaker considers the information to be transmitted (also see discussion of 
TRPs in section 2.3.1). This can be seen as the speaker saying “I’m done with 
that thought, did you follow?” (Ward & Tsukahara, 2000). 

When it comes to prosodic properties within backchannels, Allwood (1987) 
notes that prosodic modification is primarily used to connect attitudes and 
emotions to basic communicative functions (compare to Levels of grounding 
discussed in section 2.3.2). Allwood also refers to an as of yet not published 
article and writes that by adding prosody to backchannels, a number of 
attitudes can be expressed (Allwood, 1987). Cerrato (2005), for example, 
studied the prosody of the words ‘ja’ in Swedish, and ‘sí’ in Italian (both 
meaning ‘yes’), and found that by adding a flat F0 curve to ‘ja’ the speaker 
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indicated that he/she wanted to continue talking, while a rising F0 indicates 
that the opposite person can talk.  

2.2.2. Summary 
In this section, I have introduced the other main topic of this thesis, prosody. 
Prosody is a way for the speaker to add emotions and attitudes to the spoken 
words, and to bring clarity to ambiguous words. The object of this study 
involves manipulating some of the prosodic properties to elicit different 
responses from the listener. 

2.3. Pragmatics 
Pragmatics can, in short, be described as the study of language usage, even 
though this definition is far from exhaustive. Pragmatics is  

“the usage of grammatical encodings of spatial, social and discourse parameters that are 
organized around an assumption of co-present conversational participants” (Levinson, 
1983, p.284).  

This statement goes hand in hand with the well-cited cooperative principle (CP) 
formulated by Paul Grice in 1967. This principle states that you should  

“make your contribution such as is required, at the stage at which it is required, by the 
accepted purpose of the talk exchange in which you are engaged.” (Grice, 1975, p.47) 

The idea is that this principle is automatically followed by any rational language 
user, and a (normally functioning) human will not violate this principle without 
intending to do so. Violations are thus conscious and carry more information 
than the spoken words themselves, and hearers will (based on the type of 
violation) revise their notion about what is previously established in the 
discourse. As for the computers, they can (and do) violate the principle 
without intending to do so, and are thus mistakenly creating unsuccessful 
communication. Saygin and Cicekli (2002) investigated the use of Grice’s 
principle in human-computer interaction in terms of a Turing Test3, and 
concluded that violation of the CP will instantly identify the computer as being 
a computer and not a human. It is thus shown that because of the computer’s 
inability to correctly follow the CP, the humans will react to the violation 
behavior and the communication will suffer. However, the problem lies not 
only in the performance of the computers, but to a large extent in the 
computer-directed behavior of the user. The user has beliefs about the 

                                                 
3 The Turing test was introduced in 1950 by Alan Turing as a means to detect whether a 
computer possesses intelligence. The test is conducted with a human, a computer and an 
interrogator. Both the human and the computer try to convince the interrogator that they are 
the human, and if computer is successful in doing that, Turing believed that the computer 
must have intelligence. 
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computer’s communication ability which can reinforce or damage the success 
of the communication (Saygin & Cicekli, 2002). 

2.3.1. Conversational structure 
Conversation is the prototypical kind of language use. It is not a structured 
product, but rather the outcome of the interaction of two or more independent 
individuals (Levinson, 1983). Conversation participants are taking turns talking, 
and there has been a fair amount of research in the area of turn-taking and 
speaker-transition, some of which is described below. 

Sacks, Schegloff and Jefferson (1974) concluded that in the conversation, the 
turn-taking must be governed by a local management system, in which the 
participants are assigned TURN-CONSTRUCTIONAL UNITS (TCUs) of indefinite 
length which end in TRANSITION RELEVANCE PLACES (TRPs). A TRP is a point 
in the talk of others that is potentially grammatically, intonationally and 
pragmatically complete (Gardner, 2001). Each TRP must be predictable to the 
listener in order to have smooth speaker transition (Sacks et al, 1974). This 
would be why speech for the most part don’t overlap; the listener awaits the 
syntactic completion of an utterance, and hence for all the information to be 
transmitted, before making their own contribution.  

Wells and Macfarlane (1998) approached the problem of speaker transition 
from a prosodic stand, and made an attempt to investigate the cases where 
speech actually does overlap. They found that for an incoming utterance to be 
considered as turn-competitive, it has to be relatively high in pitch and loud in 
volume, as well as not occurring at a TRP. An incoming utterance at a TRP is 
not treated as turn-competitive (Wells and Macfarlane, 1998). This finding 
supports Ford and Thompson (1996) in stating that back-channels (discussed 
in section 2.1) do, for the most part, appear at a TRP and do not seem to be 
turn-competitive.  

Many attempts have been made to characterize the linguistic features of TRPs, 
but none has so far been able to account for the complete process of turn 
taking. It should also be noted that most research is being conducted on 
English material, and there is no evidence that certain prosodic clues to turn 
taking is consistent over other languages. In fact, Wells and Macfarlane notes 
that intonation and pitch peaks that could serve as cues for turn taking are not 
present even in all English dialects (Wells and Macfarlane, 1998).  

2.3.2. Levels of grounding 
Ideas introduced separately by Allwood, Nivre and Ahlsén (1993) and Clark 
(1996) argue that the establishment of common ground between speakers is 
done on different levels. The idea is basically that in order to have smooth 
conversation, there has to be some common ground among the speakers about 
what domain the conversation is taking place in, what has previously been said 
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etc. There are, in this view, four levels of grounding arranged in a hierarchical 
order. Positive or negative feedback can be produced at any level by the hearer 
H to the speaker S. The four levels are (terms of Allwood et al, 1993, in italics): 

1. Contact: Whether the interlocutor is willing and able to continue the interaction. 
• Positive feedback: Anything indicating that a channel of 

communication has been established. 
• Negative feedback: A channel of communication has not been 

established, or the channel has broken down. The only response 
possible indicating that contact is not established would be no 
answer at all4.  

 
2. Perception: Whether the interlocutor is willing and able to perceive the message.  

• Positive feedback: H answers something, indicating that the 
channel is open and that the message has been perceived. 

• Negative feedback: H did not hear what S said. The acoustic signal 
could not be interpreted by H into something useful. 

 
3. Understanding: Whether the interlocutor is willing and able to understand the message. 

• Positive feedback: The recipient indicates that the meaning of the 
message is clear, but does not express any attitude towards the 
matter.  

• Negative feedback: H recognized all the words, but could not 
extract any content. The relevance of S’s utterance may not have 
related to the context, or the content of the message may not have 
corresponded to beliefs previously held by H, and the feedback 
may therefore indicate doubt or a request for clarification.  

 
4. Attitude: Whether the interlocutor is willing and able to react and (adequately) respond 

to the message, specifically whether he/she accepts or rejects it.  
• Positive feedback: H accepts the message and agrees with it. 
• Negative feedback: H fully understands the content of the message, 

but disagrees with it.  
• H expresses some other attitude such as surprise, belief etc. that 

might be derived from agreement or disagreement5.  
 

                                                 
4 There is a great difficulty in establishing that the proposed listener has not heard the message, 
and that contact therefore has not been created. The listener may very well have heard that 
something has been said, may have understood it properly and even reacted to it, but has 
chosen not to respond. However, if the proposed listener answers something, this would be a 
sign that contact has been made and that there is positive grounding on level 1. 
5 Any opinion expressed as a response to some statement can be seen as a derivative of two 
basic standpoints, agreement and disagreement. For example, the attitude surprise can be seen 
as an opinion that disagrees with the beliefs the person previously had.  
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If there is positive grounding on one level, the levels below it are thought to be 
positively grounded as well. Negative grounding on one level would mean that 
the level below it is the highest with positive grounding. Note the difference 
between negative grounding and the negative responses that can be found on 
level 4 when the listener disagrees with the speaker. In these cases, positive 
grounding is still accomplished, but H’s attitude is negative.  

The concept of levels of grounding has been discussed in various publications 
(see Allwood, 1987, Allwood et al, 1993, Clark and Schaefer, 1989, Clark, 1996, 
Larsson, 2003), and most agree on the first three levels. The issues arise when 
it comes to the fourth level, attitude. This level seems to contain so much more 
information than the others (which are binary), and it is somewhat problematic 
to try to make a connection between the levels. This study is by no means an 
attempt to cover all the attitudes that can be found at level 4, but will simply 
consider any utterance that expresses some kind of agreement or disagreement 
to be a level 4 utterance.  

2.3.3. Summary 
In this section, some issues of the use of language have been described. When 
conducting research on human spoken language, one cannot (in my opinion) 
only focus on the structure of sentences and the meaning of the words 
involved, but must pay attention to the actual use of the language.  

2.4. Speech producing systems 
Speech is without doubt the most common and effective way to communicate 
among humans, as it comes naturally to us. As computers and other 
technologies are becoming increasingly advanced, the desire to incorporate 
speech communication in the technology is growing stronger. There could be 
many advantages with speech-based computer-directed communication, such 
as the ability to express emotion, and the ability to handle certain kinds of 
complex interaction faster than with regular (graphic) interfaces (Gustafson, 
2002). But more complex speech interaction also puts higher demands on the 
computer to be able to analyze and respond satisfactorily.  

There are situations where Graphical User Interfaces (GUIs) have some 
advantages over Speech User Interfaces (SUIs). GUIs allow the user to quickly 
get an outline of the possibilities available, skim information and only read the 
interesting parts. Since speech is serial, so is the fashion of SUIs. The user must 
wait for the system to present the options or the interesting information, and 
should the user miss some part, he/she must wait and try to make the system 
repeat the information. (Gustafson, 2002).  

Although speech among humans is a natural way of communication, it is not 
automatically the case that humans find it natural to talk to computers 
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(Jönsson & Dahlbäck, 1988). However, the willingness to talk naturally to a 
computer increases with the level of advancement of the system. People could 
be more willing to talk to a computer when it processes the speech, and 
responds to it, in a satisfying way that makes the communication go smoothly.  

The possibility to communicate with a computer through speech is highly 
interesting, but continued research is well needed. It should also be noted that 
the best type of interface to use depends on the situation, the environment and 
the users. An interface should not be chosen because of its “coolness” or 
“novelty factor” but rather on the basis of its usability.   

2.4.1. Primitive dialogue systems 
Some commercially available systems today are being marketed with promises 
of the possibility to talk to your computer like you talk to your neighbor, but 
few of these systems actually have the technology necessary for taking part in 
an intelligent conversation. VOICE DICTATION SYSTEMS have the ability to 
transcript what the user dictates to it, but does not have the ability to interpret 
the user’s input, nor to discuss the input with the user. COMMAND-AND-
CONTROL SYSTEMS enable the user to perform commands with voice inputs 
instead of a mouse or keyboard. The system recognizes the spoken input and 
carries out the action, but no other dialogue is involved. (McTear, 2002).  

2.4.2. Spoken dialogue systems 
A SPOKEN DIALOGUE SYSTEM (SDS) can be seen as an advanced application 
of spoken language technology. Fraser (1997) defines SDS as computer 
systems with which humans interact on a turn-by-turn basis and in which 
spoken natural language plays an important part in the communication. SDSs 
include components for speech recognition and speech synthesis, language 
processing, and dialogue management. Even though SDSs are far more 
advanced than the systems presented in section 2.4.1, they are still restricted in 
that their conversational topics are limited, usually to a single domain such as 
flight enquiries (McTear, 2002).  

There are three main types of SDSs, classified according to methods used to 
control the interaction with the user (McTear, 2002). 

1. FINITE STATE-BASED SYSTEMS: In a finite state-based system the user is 
taken through a dialogue by being prompted by the system according 
to a sequence of predetermined steps or states. The system remains in 
control of the dialogue, not allowing the user to use more than a single 
word or phrase at a time.  

2. FRAME-BASED SYSTEMS: In a frame-based system the user is asked 
questions that enable the system to fill slots in a template in order to 
perform a task. The flow of the interaction is not predetermined, but 

 10 



ÅSA WALLERS 

depends on the inputs the user is giving. The user may provide only 
one piece of information at the time, in which case the dialogue will be 
similar to that of a Finite State-based system. But the user can also 
provide more that one piece of information at a time, in which case the 
system accepts this information and checks if any additional 
information is required in order to carry out the task.  

3. AGENT-BASED SYSTEMS: Agent-based systems are designed to allow 
complex communication between the user, the system, and the 
underlying application in order to solve some problem or task. This 
type of system tends to be mixed initiative, that is, the conversation can 
change according to the inputs of the user. The system attempts to 
provide more cooperative answers that might address the user’s needs.  

2.4.3. Components 
A SDS involves a number of components that typically provide the 
functionality (McTear, 2002) described in this section. An illustration of a SDS 
is found in Figure 2-1. 

 

Figure 2-1: An illustration of the SDS functionality. 

 SPEECH RECOGNITION: The speech recognition component is 
responsible for the conversion of an input speech utterance, consisting 
of a sequence of acoustic-phonetic parameters, into a string of words. 
One major obstacle in translating the continuous speech signal into a 
sequence of discrete units is the high degree of variability in the speech 
signal. Influential factors include inconsistency in articulation of 
phonemes depending on context, physical properties in the speaker 
(such as age and gender, but also shape of vocal tract, or tiredness), and 
the transmission channel (background noise). In addition, the system 
has to be user independent, and can therefore not be trained only on a 
single or a few speakers. The system also has to be able to handle the 
characteristics of spontaneous speech, such as hesitations, incomplete 
sentences, false starts etc.  
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 LANGUAGE UNDERSTANDING: This component is responsible for the 
analysis of the string of words coming from the speech recognizer. 
Language understanding aims at producing a meaning representation 
for the recognized utterance that can be used by the dialogue 
management component. This component has to both determine the 
syntactic structure of the string, and also determine the meaning of the 
constituents.   

 DIALOGUE MANAGEMENT: The main function of the dialogue 
management component is to maintain and control the flow of the 
conversation. This involves determining whether sufficient information 
has been acquired, communicating with the external application, and 
communicating the information back to the user.  

The dialogue manager is dealing with two major issues: handling ill-
formulated or incomplete inputs, and verifying that the input 
recognized by the system was actually what the user intended to say. 
The first problem can be solved using various strategies, such as 
utilizing the discourse context to interpret input that is recognized as 
ill-formulated or incomplete. Discourse and user models are other 
strategies used to overcome this problem. Next, verification can be 
either explicit (the system asks a question that explicitly demands 
confirmation) or implicit (the system embeds a repetition of its 
understanding of what the user said in its next question). Implicit 
verification allows for smoother and more natural interaction, but 
could also cause more problems should the system misunderstand the 
user’s input. Thus, more advanced error-handling functions are 
required. 

 COMMUNICATION WITH EXTERNAL SYSTEM: Generally dialogue 
systems require some kind of external source for the information to be 
transmitted back to the user. The source can for example be a database 
system, expert system, or other computer application. 

 RESPONSE GENERATION: This component is responsible for the 
specification of the message to be output by the system. The 
construction of the message requires decisions about what information 
is to be included, how the information should be structured, and what 
form the message should take, for example the choice of words and 
syntactic structure. The response generation can be done by simply 
inserting the retrieved information into predefined slots in a template. 
Some more complex methods for generating a response could involve 
the use of discourse history in order for the system to provide a 
response that is consistent and coherent with the preceding dialogue. 
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 SPEECH OUTPUT: The final step in the SDS chain involves the use of 
text-to-speech synthesis or prerecorded speech to output the message 
created in the response generator. In the simplest case, a prerecorded 
message is played with a slot for the retrieved information. This 
method works fine for restricted outputs, but for responses that change 
depending on the user, synthesized speech is required.  

2.4.4. A note on written language bias 
As previously noted, linguistic research has had its main focus on written 
language, and speech technology research is no exception. In the first step of 
the synthesis (described in the previous section) the speech signal is converted 
into a string of words for further analysis. When doing so, the prosodic 
information embedded in the speech signal is lost.  If one wishes to have 
dialogue systems that use prosody to improve communication, the prosody in 
the user’s signal should probably be taken better care of. There needs to be a 
way in which the prosody and intonational patterns can be incorporated into 
the string of words used in the analysis. Such information could give valuable 
insight to the progress of the communication, i.e. if the user seems to be 
satisfied or not, but could also be important for the accurate analysis of the 
user’s input (see general description of prosody in section 2.2). As long as the 
speech recognition component functions the way it does (in a speech-to-text 
fashion), the prosodic information that in fact lies in the speech signal will 
never be fully used.  

2.4.5. Summary 
In this section, components and processes involved in Spoken Dialogue 
Systems have been described. It should be clear that there are many issues to 
be considered when creating computerized speech, not only the technical 
aspects of the involved components, but the usability of the system and the 
behaviour of the user should also be of importance. 
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2.5. Object of study 
Backchannels are used to a large extent in everyday human-to-human 
conversations. Since there seems to be a massive amount of information in a 
backchannel that humans have no problems understanding, I want to 
investigate the possibilities of using backchannels in computer-based dialogue 
systems. This study deals with two major questions: 

1. Can synthesized backchannels be created? If so, will they sound natural 
enough to be used in a spoken dialogue system? 

2. Will the systematical alteration of the various prosodic properties alter 
the meaning of the backchannel and elicit significant responses in users 
engaged with the system?   
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CHAPTER 3:   

FEASIBILITY STUDY  

In order to decide what kind of stimuli to use in the study, a feasibility study 
was conducted. 

3.1. Material 
The data used in the feasibility study was recordings of MAP TASKS recorded by 
Pétur Helgason at Stockholm University (Helgason, 2002). Map tasks were 
designed to elicit natural-sounding spontaneous dialogues (Anderson et al., 
1991). The task is carried out in pairs of two, one person being an instruction 
giver and the other the instruction follower. The participants are not allowed to 
have visual contact with each other. They have one map each, and the maps 
are similar, but not identical. For example, some landmarks may be present on 
one map but not the other. The object of the task is for the instruction giver to 
describe a given route on the map to the follower. Since the maps are different, 
the participants are forced to discuss possibilities and to compromise in order 
to find the right route. 

The data used in the feasibility study consists of four dialogues recorded at the 
Phonetics lab, Stockholm University, using close-talking microphones. Four 
people participated in the dialogues, all of them being an instruction giver in 
one dialogue and an instruction follower in another. The dialogues were 
recorded on separate channels, and the recordings are of good quality with 
almost no distractions or noise. 

3.2. Method 
The data was analyzed by the author using the software package Wavesurfer 
(Sjölander & Beskow, 2000). In the analysis, backchannels were identified and 
labeled. Once labeled, the recordings were cut and judged with regards to 
levels of grounding (see section 2.3.2). Each cut segment consisted of four 
seconds of dialogue and ended with the backchannel in question. When 
analyzing, the recordings were randomized to prevent the judgment from being 
influenced by previous context.  

Once judged, the recordings were listened to again, this time with a visual F0 
plot added to the waveform and spectrogram. This was to create a simple 
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prosodic analysis in order to decide whether backchannels of various levels of 
grounding differed in prosody from each other. 

3.3. Results and discussion 
Almost all backchannels were judged as being on grounding level 4, and a small 
number as being on level 3. None of the backchannels were judged as being on 
level 1 or level 2.  

The number of used backchannels varied over the four dialogues, and no 
single backchannel was the most common in all four. A summary of the results 
can be seen in Table 3-1. In total, the backchannel /a/ was the most common, 
followed by /m/ and /okej/. Those instances where the backchannel was 
directly followed by another backchannel, or when the person uttering the 
backchannel continued to talk, are not included in these figures.  

Table 3-1: The five most common backchannels in the feasibility study material, with corresponding percentages 
of occurrences and average length of backchannel. 

Backchannel Percentage Average 
duration 

 Dialogue 1 Dialogue 2 Dialogue 3 Dialogue 4 Total  

/a/ 13 % 28 % 35 % 44 % 34 % 356 ms 

/m/ 25 % 24 % 15 % 5 % 15 % 400 ms 

/okej/ 13 % 13 % 8 % 13 % 11 % 459 ms 

/mhm/ 5 % 4 % 2 % 1 % 2 % 555 ms 

/jaja/ 0 % 2 % 0 % 4 % 2 % 543 ms 

 

The prosodic analysis showed that level 3 backchannels characteristically 
started with a low F0, which then rose and peaked, and ended with a slight dip 
(see example dialogue (1) and Figure 3-1).  

Example dialogue (1) with backchannel in question in bold: 

- Nu har jag en sån där strandsymbol på vänster sida, och… 
(Now I have one of those beach-symbols on the left, and…) 

- Det har icke jag, jag har det ganska glest där. 
(I do not have that, it’s pretty sparse there.) 

- Jaha. Du har inte nån kräkla heller uppåt, lite norrut? 
(Oh! You don’t have one of those curved poles either, to the north?) 
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Figure 3-1: F0 plot for the level 3 backchannel jaha. The light area highlights the duration of the backchannel. 

 
In comparison, a level 4 backchannel of the type jaha matched to the level 3 
one, showed a peak in the middle with a clear descent in the end (see example 
dialogue (2) and Figure 3-2). The same pattern was seen in a level 4 
backchannel of the type mhm that was compared to the level 3 backchannel of 
the same type. 

Example dialogue (2) with backchannel in question in bold: 

- Jo, söder om sporrviken har jag också ett bergsmassiv med en campingplats i. 
(Well, south of that spur-bay I have a massif with a camping ground too…) 

- Jaha, det har… Ja just precis ja! Där är en camping… 
(Oh, I don’t… Oh that’s right, there is a camping ground there…) 

 

 
Figure 3-2: F0 plot for the level 4 backchannel jaha. The light area highlights the duration of the backchannel. 

 
The duration of the backchannels varied as well. The average duration of a 
level 3 utterance was 0.6 seconds, while the average duration of a level 4 
utterance was 0.4 seconds. This difference can also be seen in Figure 3-1 and 
Figure 3-2. As a comparison, the few utterances judged not to be on any 
particular level (such as start of sentence) had an average duration of 0.4 
seconds.  
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CHAPTER 4:   

MAIN EXPERIMENT METHOD 

4.1. Material  
Based on the results from the feasibility study, the two test backchannels /a/ 
and /m/ were chosen. At this point it should be made clear that this study is 
only concerned with monosyllabic backchannels. Even though disyllabic 
backchannels were common in the feasibility study material, I chose not to use 
these in the study and the decision was made for two reasons. The first reason 
is that this study is based on the findings of Edlund et al. (2005) which used 
monosyllabic words. The second reason is that when analyzing the map task 
material, different uses for monosyllabic and disyllabic backchannels was 
noticed, and in order to get comparable and usable results only the 
monosyllabic backchannels were used for the study. 

The backchannels where synthesized using the INGMAR diphone Swedish 
male MBROLA voice6, implemented as a plug-in to the Wavesurfer speech 
tool (Sjölander & Beskow, 2000).  

After synthesizing the backchannels, parts of the sound was copied and 
elongated in order to get the proper length. The beginnings and ends were 
faded to create a smoother and more natural sounding backchannel. Various 
synthetic voices were also tried before deciding on the INGMAR voice.  

A number of control points were added to the speech curve in order to create 
the desired form (see Figure 4-1 for an illustration). For each of the two 
backchannels (/a/ and /m/) three prosodic properties were manipulated: peak 
position, peak height, and duration. The three peak positions were shifted in 
steps of 100 ms for the short stimuli, and in 100-200 ms for the long stimuli.7 
The low and high peak height was set to 130 and 160 Hz, respectively. The 
duration of the short and the long stimuli was set to 450 and 650 ms, 
respectively. Combination of the two backchannels and the three properties 
gave a total of 24 different stimuli, which are schematically represented in 

                                                 
6 MBROLA is a text-to-speech system that uses diphones to create synthesized speech. 
INGMAR is the specific voice that I used in the study. 
7 The late peak in the long stimulus has been shifted 200 ms for two reasons. The current 
experiment is to some extent based on the study by Edlund et al. (2005), and the stimuli are 
therefore constructed in the same way. The second reason is simply that the stimuli sounded 
better when the late peak was shifted 200 ms instead of 100 ms. 
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Figure 4-2 and Figure 4-3. The baseline slope was slightly negative because this 
is very common in spoken Swedish (Bruce et al, 1996).  

4.2. Participants 
Eight people participated in the study, three females and five males. They were 
of ages 22-27 years, and from various parts of Sweden, covering a number of 
different dialects. All the participants were university students, but from 
various fields of study. All participants reported a high degree of familiarity 
with computers and applications such as games and the internet, but very few 
reported any experience with speech technology. Further, none of the 
participants reported any greater knowledge of the concepts of prosody and 
pragmatics.  

4.3. Procedure 
The backchannels were put in a context where each backchannel was preceded 
by the human-produced sentence “Längre fram till vänster ser jag ett X hus” 
(“Further on to the left, I see a X house”) taken from the experiment by Edlund, 
House and Skantze (2005), where the X is replaced by the color words “rött” 
(“red”), “gult” (“yellow”), and “blått” (“blue”) respectively. 

In the first part, the stimuli were played in random order and listened to by the 
author and four other people in the department. Each person gave an 
interpretation in their own words as to what they thought the backchannel 
meant in the context. These interpretations were summarized and condensed 
into the five paraphrases found in Table 4-1. These paraphrases can all be 
thought of as being on grounding level 4, and  since none of the backchannels 
was reported as meaning e.g. “I did not hear what you said?”, which would be a 
level 2 backchannel, paraphrases for the lower levels of grounding was not 
included. 
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Figure 4-1: An example from the Wavesurfer environment, a short /a/ with an early high peak is shown. 
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Figure 4-2: A schema for the prosodic properties of the short stimuli, where the high peaks are at 160 Hz and 
the low at 130 Hz. 

50

100

150

200

20 110 210 310 410 510 610

Ms

H
z

 

Figure 4-3: A schema for the prosodic properties of the long stimuli, with peak plateaus lasting 100 ms. The 
high peaks are at 160 Hz and the low at 130 Hz. 
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Table 4-1: The paraphrases used in deciding the meaning of the backchannels. 

Swedish originals English translation Abbreviation 

Bra, då är du på rätt ställe. Good, you are in the right place. Right place 

Jaha, NU förstår jag var du är. Oh, NOW I understand where 
you are. 

Oh! 

Jasså, det var oväntat. Really? That was unexpected. Unexpected 

Ajdå, då har du kommit fel. Oh, you are in the wrong place. Wrong place 

Ok, men jag behöver mer 
information. 

Okay, but I need more 
information. 

Continue 

 

The second part was a perceptual test where the eight participants were asked 
to listen to the backchannels in the context, and then chose the one of the five 
paraphrases they felt represented the meaning the best. They heard each 
stimulus three times in a randomized order.  

The participants conducted the test by downloading a program file from a 
website and their answers were saved in a text-file and e-mailed back to the 
author along with a completed questionnaire of background information. The 
website also contained information of the purpose of the study. The 
instructions and the questionnaire can be found in Appendix A and B, 
respectively. 
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CHAPTER 5:   

RESULTS 

The first observation was the difference in distribution of votes between the 
backchannels /a/ and /m/ (see Figure 5-1), a phenomenon not noted in the 
pilot tests conducted by the author and her supervisor. This difference led to a 
split of the two backchannels in the continued analysis.  
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Figure 5-1: The distribution of votes for /a/ and /m/ over the five answer types. 

5.1. Statistics 
A Multinomial Logit Model8 was used to analyze the data, with paraphrase (5 
levels) as the response variable, and peak position (3 levels), peak height (2 
levels) and duration (2 levels) as the explanatory variables. The analysis was 
done for /a/ and /m/ separately. As can be seen in Table 5-1 and Table 5-2, 
                                                 
8 Multinomial Logit Models are a special class of loglinear models. Loglinear models are used 
to study association patterns among categorical variables. In a Multinomial Logit Model, 
variables are classified as response (or dependent) variables and explanatory (or independent) 
variables. 
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the model fits the data fairly well for /a/ but not as well for /m/. For /a/ the 
significance is well above .05 but for /m/ it is equal to or slightly above .05 
depending on the method used.  

Table 5-1: Goodness-of-fit statistics for /a/, N=60. 

 Chi-square DF Sig.

Likelihood Ratio 6.37 8 .61

Pearson 5.80 8 .67

 

Table 5-2: Goodness-of-fit statistics for /m/, N=60. 

 Chi-square DF Sig.

Likelihood Ratio 15.68 8 .05

Pearson 14.10 8 .08

 

The measures of association suggest for both /a/ and /m/ that the 
paraphrases is associated with the three explanatory variables (see Table 5-3), 
in both cases the values are well above 0.05. 

Table 5-3: Measures of association for both /a/ and /m/ 

 /a/ /m/

Entropy .20 .14

Concentration .16 .10

 

The statistical measurements suggest that there is a connection between the 
various prosodic properties and paraphrase, but does not reveal which 
property or properties that affect the choice of paraphrase the most. No 
further statistical analysis was conducted since the study is mainly exploratory. 

5.2. Main effects 

5.2.1. Peak position 
As can be seen in Figure 5-2 and Figure 5-3, the distribution of votes varies 
depending on the peak position. Early and mid position seems to have no 
difference between them, but the late peak differs from the other two. This 
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remains true for both /a/ and /m/, even though the number of votes the 
various answer types have received differs between the two backchannels.  

For /a/ the distribution is fairly distinct, with a large number of early and mid 
peak votes on the “Oh!” answer, and late peak votes on the “Continue” answer. 

For /m/ early and mid peak, the number of votes is fairly even distributed 
over the five answer types. Only the late peak has any notable influence on the 
interpretation of the backchannel, with a large number of votes on the 
“Continue” answer.  

5.2.2. Peak height 
The peak height in itself does not seem to have much effect on the 
interpretation of the backchannel, and the peaks seen in Figure 5-4 and Figure 
5-5 are reflections of the more distinct peaks found when considering peak 
position alone (compare to Figure 5-2 and Figure 5-3).  

5.2.3. Duration 
The pattern of the duration property alone resembles that of the peak height 
property alone. The duration property does not seem to have much impact on 
the interpretation either, and again, the peaks that can be seen in Figure 5-6 
and Figure 5-7 are reflections of those found in the peak position pattern alone 
(compare to Figure 5-2 and Figure 5-3). 

5.3. Interaction effects 

5.3.1. Position and height combined 
When combining the effects of position and height, one finds that in the case 
of early and mid peak, the height is of importance. For /a/, the general 
distribution follows the distribution found when looking at position alone, but 
the distribution of votes of the early-high stimuli is more similar to that of the 
mid-high stimuli than to that of the early-low stimuli (see Figure 5-8 and Figure 
5-9). In the case of the late stimuli, the height is of less importance and the 
distribution of votes of the late-high and late-low stimuli resembles each other 
more than they resemble any other high or low distribution (see Figure 5-10). 

For /m/, the distribution of votes of the early-high stimuli is again more 
similar to that of the mid-high stimuli than to that of the early-low stimuli. For 
the early-high and the mid-high stimuli, the distribution of votes is fairly even 
over the five answer types, with a small peak on the “Unexpected” answer (see 
Figure 5-11). The early-low and mid-low stimuli have their peaks on the 
“Continue” and the “Wrong place” answers (see Figure 5-12). The distribution of 
votes of the late-high and late-low stimuli resembles each other more than they 
resemble any other high or low distribution. However, the late-high stimuli 
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have received more “Right place” votes and the late-low stimuli have received 
more “Continue” votes (see Figure 5-13).  

5.3.2. Position and duration combined 
The duration property does not seem to influence the judgment particularly. 
As can be seen in Figure 5-14, the early-long and mid-long /a/ stimuli have 
received more “Oh!” answer votes than their short counterparts. In contrast, 
the short stimuli have received slightly more “Unexpected” answer votes. The 
late-long /a/ stimuli does not show any peaks at all, while the late-short /a/ 
stimuli does peak towards the answers “Right place” and “Continue”. This result 
is thought to be an effect of the late-long /a/ stimuli sounding strange, and its 
distribution is therefore random.  

In the case of the /m/ stimuli, the early-short, early-long, mid-short and mid-
long stimuli did not show any particular pattern, but were evenly distributed 
over all five answer types. The late-long and late-short stimuli, however, had 
apparent peaks towards the answers “Right place” and “Continue”, where the late-
long stimuli received more votes for “Continue” and the late-short stimuli 
received more votes for “Right place” (see Figure 5-15). 

5.3.3. Three-way combination 
Combining the three properties does not give much further information to the 
interpretation. A closer look shows that for /a/ the early and mid peak 
positions combined with height and duration have a distribution similar to the 
early and mid peak position alone. The late peak position combined with 
height and duration does not show any distinct pattern at all. 

For /m/ the late peak high-short, high-long, low-short and low-long have a 
distinct distribution with peaks on the answers “Right place” and “Continue”. The 
only deviant stimuli is the late-low-long one, which has received notably less 
“Right place” answer votes, and the most (but not radically more) “Continue” 
answer votes. 
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Figure 5-2: The distribution of votes for the backchannel /a/ over the five answer types for early, mid and late 
peak positions, respectively.  
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Figure 5-3: The distribution of votes for the backchannel /m/ over the five answer types for early, mid and late 
peak positions, respectively. 
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Figure 5-4: The distribution of votes for the backchannel /a/over the five answer types for high and low peak 
height, respectively. 
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Figure 5-5: The distribution of votes for the backchannel /m/ over the five answer types for high and low peak 
height, respectively. 

 28 



ÅSA WALLERS 

0

10

20

30

40

50

60

70
Right place

Oh!

ContinueUnexpected

Wrong place

long

short

 

Figure 5-6: The distribution of votes for the backchannel /a/ over the five answer types for long and short 
duration, respectively. 
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Figure 5-7: The distribution of votes for the backchannel /m/ over the five answer types for long and short 
duration, respectively. 
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Figure 5-8: The distribution of votes for the backchannel /a/ of the combination early-high peak, and mid-high 
peak, respectively. 
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Figure 5-9: The distribution of votes for the backchannel /a/ of the combination early-low peak, and mid-low 
peak, respectively. 
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Figure 5-10: The distribution of votes for the backchannel /a/ of the combination late-high peak, and late-low 
peak, respectively. 
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Figure 5-11: The distribution of votes for the backchannel /m/ of the combination early-high peak, and mid-
high peak, respectively. 
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Figure 5-12: The distribution of votes for the backchannel /m/ of the combination early-low peak, and mid-
low peak, respectively. 
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Figure 5-13: The distribution of votes for the backchannel /m/ of the combination late-high peak, and late-low 
peak, respectively. 
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Figure 5-14: The distribution of votes for the backchannel /a/ of the combination early-long, early-short, mid-
long, and mid-short, respectively. 
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Figure 5-15: The distribution of votes for the backchannel /m/ of the combination late-long and late-short, 
respectively. 
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CHAPTER 6:   

DISCUSSION 

The distribution of votes over the five answer alternatives is significant, i.e. the 
prosodic properties covered in the study do in fact influence the interpretation 
of the common Swedish backchannels /a/ and /m/. Some of the stimuli used 
in the study have received very large number of votes for certain 
interpretations, which could be an indication that those stimuli resemble 
natural backchannels used for that certain purpose by humans in face-to-face 
conversations.  

Since the stimuli were altered systematically, and the experiment was 
conducted from the point of view of the prosodic properties, there is no 
“correct” distribution of votes for the five different answer alternatives. One 
of the aims of the study was to investigate whether some distinct 
interpretations could be found depending on the various properties. One 
interesting result would have been a continuous scale where one would have 
seen e.g. “the higher the peak, the more positive interpretation”. However, this 
is not the case. For /a/ and /m/ alike, the most prominent of the three 
prosodic properties seems to be peak position. The properties peak height and 
duration seems only to increment the effect of the peak position. In addition, 
the lexical property seems to have a great impact on the interpretation. By 
combining the three prosodic properties with the lexical property one will 
create specific backchannels that seem to be interpreted in a certain way by a 
significant number of participants.  

6.1. Participants’ reports 
The participants reported the test to be somewhat difficult in that some of the 
stimuli were hard to place in a particular category.  This is an understandable 
problem, and the issue was expected when the study commenced. The 
categorization of the answer options was conducted as an effort to create 
backchannels for computerized systems, and not as an attempt to survey the 
complete spectrum of backchannels in spoken human-human dialogue. 
Therefore, there has to be some sort of categorization where some possible 
interpretations are left out. The categorization may also be somewhat 
subjective, since it is based on the opinions of five people including the author.  
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Furthermore, in the experiment the participants are provided with only a brief 
context, which could also make the interpretation more difficult. In a “real” 
situation where a user interacts with a system, more background information is 
added to the user’s understanding.  

Answers from the post-experimental questionnaire showed that the 
participants usually had difficulties choosing between two answers, but which 
those two answers were varied individually. When looking at which two 
answers generally was the hardest to distinguish between, one finds that the 
participants did not have problems deciding whether the backchannel was 
positive or negative (e.g. separate “You are in the right place” from “You are in the 
wrong place”) but rather had difficulties deciding whether a backchannel meant 
“You are in the right place” or “Oh! Now I understand where you are!”. Using these 
findings would mean that it would be fairly simple to create a system which is 
able to convey whether the interaction is going well or not, but it may be 
harder to communicate whether the information provided by the user came as 
a surprise for the system or not. Still, the possibilities to have the system 
express surprise, skepticism and other emotions are interesting for a highly 
developed system. 

Further, most participants were consistent in their deciding on a meaning of a 
certain stimuli, i.e. they chose one interpretation for a sound and stayed with it. 
This is particularly true for the answers “Continue” and “Right place”, and none 
of the participants reported these two answers hard to tell apart. This 
consistent behavior does not, however, show in the results because it is an 
individual choice, and various participants have chosen different 
interpretations for one particular stimulus. This is a somewhat troublesome 
finding, since even though one user consistently interprets a stimulus a certain 
way, when the interpretation depends on the user, this finding makes it harder 
to create backchannels with an unambiguous interpretation. An interesting 
note on this matter is that all four participants from the Stockholm region had 
almost exclusively chosen the late stimuli to mean “Continue”, but the other 
four participants (from other parts of Sweden) had more varied interpretations. 
The dialectal differences could be an explanation for the answer variability 
among the participants. 

6.2. Lexical differences 
The difference in distribution of votes between /a/ and /m/ may have several 
possible reasons. In general, the /a/ stimuli seem to have a more distinct 
distribution over the answers than the /m/ stimuli. This may be because /m/ 
is used more as a continuer, a signal that the listener is still listening, while /a/ 
contains slightly more information and automatically shows a bit more 
dedication from the listener. Therefore, the participants recognized the /a/ 
backchannels more often as having a fixed interpretation. The fact that the 
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result for /m/ early and mid peak position is random enough to show an 
almost perfect pentagon (see Figure 5-3) implies that none of the given answer 
options in the test was applicable to these sounds. It is likely that these stimuli 
were interpreted as nothing else than “I’m still listening”, i.e. as a continuer (see 
section 2.1).  

The difference between /a/ and /m/ is the most prominent for “Oh!” and 
“Continue”, and one might suspect that for “Oh!” the /a/ is thought of as short 
for /aha/, in Swedish a common way of expressing acceptance with a bit of 
surprise. If one wishes to express surprise with a /m/ sound, one would use 
/mhm/ instead (with a falling-rising pitch contour), and /mhm/ can not be 
reduced to /m/ without losing meaning in the same way that /aha/ can be 
reduced to /a/ and still be understandable. This is consistent with findings by 
Cerrato (2002), who notes that to produce surprise in Swedish, /mm/ with a 
falling-rising pitch contour is used. For “Continue”, /a/ is outnumbered by 
/m/, and this relates to the discussion in the previous paragraph; /m/ is often 
used as a continuer, an unobtrusive indication that communication is going 
smoothly.  

One might suspect that the prosodic properties are more important for /m/ 
than for /a/ because /a/ has a stronger lexical support. It has already been 
noted that prosody is influential in the understanding of language (see section 
2.1.1). But, we can think of an utterance as holding only a certain amount of 
information, and when there is (partial or complete) lack of lexical information, 
the listener has to pay closer attention to what information is being transmitted 
using prosody. With words, the lexical information is taking the upper hand 
and the prosody is becoming inferior. With backchannels, there is no lexical 
information and thus, the prosodic properties are of major importance. Still, 
words can act as backchannels to help clarify information and have their 
meaning altered with prosody (as in Edlund et al., 2005) but the amount of 
possible interpretations is larger when the utterances lack lexical information. 
Thus, backchannels such as /m/ and /a/ allow for more distinct and 
contiguous interpretations.  

6.3. Some stimuli in close-up 
The stimuli where the highest degree of consensus was reached regarding their 
interpretation are the /a/ long early high peak and /a/ long mid high peak, 
where the answer “Oh! NOW I understand where you are” have obtained 75% and 
71% of the votes, respectively. In the case of the /m/ long and short late low 
peak, the answer “Continue” has obtained 63% and 58% of the votes, 
respectively. For each of the stimuli /m/ and /a/ short late high peak, the 
answer “You are in the right place” has obtained 46% of the votes.  
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It is likely that these stimuli have received this high degree of consensus 
because they are well-sounding and resembles the backchannels naturally 
produced in human speech.  

A complete list of all the stimuli and their distribution of votes can be found in 
Appendix C. 

6.4. Levels of grounding revisited 
One starting point for this study has been the concept of levels of grounding 
(section 2.3.2), ideas introduced by Clark (1996) and Allwood et al (1993). 
However, the clear connections between prosody and meaning at various levels 
of grounding found in Edlund et al. (2005) have not been found in this study. 
The backchannels found in the human-human material used for the feasibility 
study (see Chapter 3: ) could not (with a few exceptions) be mapped to a level 
of grounding other than the highest. This could of course be because of the 
excellent recording environment, leaving no need for backchannels meaning 
e.g. “I did not hear what you said”. However, the lack of lower level grounding 
could also be an indication that the same rules of prosodic meaning does not 
apply to monosyllabic words as to monosyllabic backchannels. It may be that 
speakers of Swedish do not use backchannels to express “I did not hear what you 
said”, but would rather use real words or phrases such as “Vad sa du?” (“What 
did you say?”), or in short “Va?” (“Huh?”). In preparation for the current study, 
answer options for the lower levels of grounding was deliberately left out 
because none of the backchannels used seemed to be interpreted as meaning “I 
did not hear what you said” or “Did you really mean…”.  

Studying these backchannels in connection to levels of grounding does not 
seem to result in any confirming findings. I had hoped to see some of the 
backchannels being interpreted as an indication of problems with the channel 
rather than the content of the spoken dialogue, but this was not the case. It 
may very well be that at a lower level of grounding, more elaborate expressions 
are needed to make sure that the connection is correctly established, while at a 
higher level of grounding the content of the dialogue is of main interest. 
Backchannels are thus used primarily on higher levels of grounding to 
comment on the content of the dialogue and to add emotions and attitudes to 
the conversation. 

6.5. Practical usage 
Most Spoken Dialogue Systems available today (on the market or in research) 
use a full sentence to give feedback to the user on what has been established in 
the communication “so far”. The information is often unnecessarily extensive 
and could be tiring and time consuming for the user to listen to. In many cases 
this type of feedback could just as well consist of shorter utterances that reveal 
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whether the communication is going well or not9, and this is where the findings 
of this study could be of interest.  

One approach to creating SDSs is to use the human-human dialogue as a 
metaphor for the dialogue structure, and in that case one should strive to make 
the SDSs human-like in their responses and “thinking”. Using a human-human 
dialogue metaphor could have many advantages in terms of understandability 
and ease of use. Since humans use prosodic properties to mediate emotions, 
maybe SDSs should too? The answer depends on what is included in the term 
“emotions”. There does not seem to be much use for systems expressing 
happiness or anger (in e.g. booking systems or computer support systems). 
However, if the system expresses satisfaction or disappointment about how the 
communication is working, it might be of use. This kind of emotional 
expression would allow the user to instantly understand whether the 
information just provided is enough or insufficient, good or bad. This kind of 
information is also the kind that does not have to be expressed by complete 
sentences, but could just as easily be conveyed with backchannels.  

                                                 
9 Of course, some extensive feedback should still be included, but it may be more practical to 
have a summary in the end instead of extensive feedback after each turn in the dialogue. 
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CHAPTER 7:   

ADDITIONAL REFLECTIONS 

After reviewing the results, some previously unseen characteristics stood out. 
The answer categories were clustered into two major categories: “neutral” and 
“surprised”. The reason for making this distinction is mainly intuitive, but has 
some support from the eight types of backchannels in Gardner (2001). 
Gardner’s list includes (among others) “continuers”, which function to hand 
the floor back to the immediately prior speaker, and “news markers”, which 
mark the prior speaker’s turn as newsworthy in some way. (The whole list is 
found in section 2.1). “Continuers” and “news markers” can be seen to 
correspond to the “neutral” and “surprised” categories, respectively. 

The “neutral” category included the original categories “Okay, but I need more 
information.” and “Good, you are in the right place.”, and the “surprised” category 
included “Oh! NOW I understand where you are”, “Really? That was unexpected”, and 
“Oh! You are in the wrong place”. The “surprised” category thus includes both 
positive and negative embedded attitudes. The results were normalized10 and 
the distribution can be seen in Figure 7-1 and Figure 7-2. The results show that 
the late stimuli receives a lot more “neutral” votes than “surprised” votes, and 
this remains true for both /a/ and /m/. The results also show, although less 
obvious, that for /m/ early and mid peak position, the long stimuli have 
received more (or equal) “surprised” votes than their short counterparts. The 
same pattern is seen for the combination peak position and height; for /m/ 
early and mid position the high stimuli have received more “surprised” votes 
than their low counterparts. For /a/, all the early and mid peak position stimuli 
have received far more “surprise” votes than “neutral” votes.  

                                                 
10 The results from the original categories were summed up into the two different new 
categories, and then divided by the number of original categories. This was done for each 
stimulus separately in order to keep the original ratios. 
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Figure 7-1: The distribution of votes for /a/ in the two cluster-categories “surprised” and “neutral”. 

0

2

4

6

8

10

12

early-
high-
long

early-
high-
short

early-
low-
long

early-
low-
short

mid-
high-
long

mid-
high-
short

mid-
low-
long

mid-
low-
short

late-
high-
long

late-
high-
short

late-
low-
long

late-
low-
short

surprised
neutral

 

Figure 7-2: The distribution of votes for /m/ in the two cluster-categories “surprised” and “neutral”. 
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CHAPTER 8:   

SUMMARY AND CONCLUSION 

The goal of this study was to try to create synthetic backchannels and to 
investigate if the meaning of a backchannel changes with various alterations to 
the prosody. The first goal, to create synthetic backchannels, has resulted in 
relatively well sounding backchannels that could be incorporated into a 
dialogue system. The second goal, to investigate the meaning of a backchannel 
depending on its prosody, has produced varying results. It seems that some 
stimuli have received confirming results, while others have received very 
random results.  

The backchannels used in this study did not seem to follow the same 
interpretation patterns as the words in the study by Edlund et al. (2005), i.e. the 
same prosodic curve obtained different interpretations in the backchannels and 
the words. It is thus proposed that backchannels (lacking lexical information) 
function differently from lexical words in that they do not seem to be used for 
feedback on the lower levels of grounding, but are rather used as a way to 
express emotions and attitudes at the highest level of grounding.  

The importance of prosody in backchannels has been discussed, and it has 
been proposed that altered prosodic properties (mainly the peak position 
property) can influence the interpretation of the backchannel. But, prosody can 
also make the interpretation more complex because of the larger interpretation 
space attained when the lexical information is lacking. Caution should 
therefore be exercised when implementing backchannels into dialogue systems. 
Backchannels can aid the communication, but should not be used unless they 
are carefully tested and a certain interpretation is shown.  
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CHAPTER 9:   

FUTURE WORK 

Based on the findings of this study, I propose some topics for continued 
research in this field. 

First, since the early and mid peak /m/ stimuli did not seem to have any 
particular meaning, but rather had an even random distribution, it would be 
interesting to test these stimuli further. It is proposed in this study that these 
stimuli simply mean “I’m still listening” or “the channel is open”, and future research 
might confirm these beliefs.  

Second, the possible differences among various dialects should be further 
investigated. A quick review of the results from this study shows that there are 
some differences in the interpretation of backchannels depending on the origin 
of the participant. Since dialogue systems are designed to handle various users 
these differences are of interest. 

Third, the findings discussed in Chapter 7:  should be further investigated. The 
possibility to divide the interpretations into “neutral” and “surprised” might 
show that there is some connection to the levels of grounding (discussed in 
section 2.3.2 and again in section 6.4). A surprised expression could actually be 
a level 3 feedback; a feedback meaning that the hearer has understood what 
was being said, but has not accepted it or not decided on an attitude towards 
the content of the statement.  
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APPENDIX A: 

EXPERIMENT INSTRUCTIONS 

HEJ! 
 
Jag håller på med mitt examensarbete inom talteknik på KTH. Jag skulle uppskatta din 
medverkan som försöksperson! 
 
Testet går ut på att lyssna på ett antal meningar med ett avslutande ”m” eller ”a” som låter lite 
olika. Din uppgift är att utifrån fem olika alternativ avgöra vad du tycker att ”m”et eller ”a”et 
betyder. 
 
För att genomföra testet behöver du ett par högtalare eller hörlurar, samt möjlighet att öppna 
en zip-fil. Testet tar ca 15 min att genomföra. 
 
VIKTIGT INFORMATION kring programmet: 
Du hämtar en zip-fil här, sparar den på skrivbordet och zippar upp filerna. I mappen finns 
filerna ”perception.exe” och ”enkät.doc”. När du startar programmet kommer en fil som heter 
”testres.csv” att skapas och sparas i samma mapp som du lade programmet (dvs skrivbordet). 
När du gjort klart testet ska du först fylla i enkäten (och spara den) och sedan maila både 
”testres.csv” och ”enkät.doc” till mig på wallers@speech.kth.se eller kv01aws@cs.umu.se.  
 
Filen med resultaten kommer sparas med ett nummer på slutet, skulle du öppna programmet 
fler gånger så skapas nu filer med löpnummer. Om du har en kompis eller sambo eller någon 
annan som vill göra testet också så går det alltså bra, filerna sparas med olika nummer. 
 
När programmet avslutas gör en liten bugg att det dyker upp ett felmeddelande, detta kan du 
bortse ifrån, det påverkar inte resultaten på något sätt. 
 
Det är viktigt att du inte ändrar något i csv-filen, utan gör testet EN gång och sedan skickar 
filen till mig. 
 
När jag får dina resultat så kommer filerna att sparas om med ett nummer som inte kan 
kopplas till dig, dina svar kommer alltså att behandlas med anonymitet.  
 
Om du har några frågor kring testet eller är intresserad av det slutgiltiga resultatet, så skriv 
detta i mailet när du skickar filerna. Jag uppskattar feedback! 
 
Kom ihåg att detta är ett perceptionstest (upplevelsetest), och det finns inga rätta svar, jag är 
intresserad av din åsikt! 
 

Tack för din medverkan! 
 

Hälsningar, 
Åsa Wallers 
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ÅSA WALLERS 

APPENDIX B: 

PARTICIPAND BACKGROUND INFORMATION FORM 

Fyll i följande information om dig själv: 
- Kön  
- Ålder  
- Dialektal bakgrund 
(var du är uppvuxen, 
och/eller vilken dialekt 
du tycker dig tala) 

 

 
Erfarenhet av / kunskap om (på en skala från 1-5): 
- Internet  
- Programmering  
- Datorspel  
- Talteknologi  
- Prosodi  
- Pragmatik  
  
Svara på följande frågor: 
Som påminnelse, alternativen var: 
• Bra, då är du på rätt ställe. 
• Jaha, NU förstår jag var du är. 
• Jaså, det var oväntat. 
• A då, då har du kommit fel. j
• Ok, men jag behöver mer information. 

- Tyckte du att det var 
lätt eller svårt att förstå 
vad systemet menade? 

 

- Var det några 
svarsalternativ du tyckte 
det var extra svårt att 
skilja på? 

 

-  Tyckte du att det 
fanns något 
svarsalternativ som inte 
representerades bland 
ljuden? Om ja, vilket? 

 

- Övriga kommentarer  
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ÅSA WALLERS 

APPENDIX C: 

LIST OF ALL STIMULI RESULTS 

Table D-1: A summary of all the stimuli and their distribution of votes. The largest percentage of each stimulus 
is in bold. 

 

 Paraphrase  

Stimulus Right place Oh! Continue Unexpected 
Wrong 
place Total 

a_h1 21% 46% 0% 29% 4% 100%
a_h1_long 0% 75% 0% 8% 17% 100%
a_h2 8% 33% 8% 33% 17% 100%
a_h2_long 8% 71% 0% 17% 4% 100%
a_h3 46% 4% 46% 4% 0% 100%
a_h3_long 17% 21% 21% 13% 29% 100%
a_l1 4% 46% 4% 21% 25% 100%
a_l1_long 4% 42% 8% 21% 25% 100%
a_l2 0% 33% 4% 25% 38% 100%
a_l2_long 8% 46% 8% 21% 17% 100%
a_l3 29% 17% 50% 0% 4% 100%
a_l3_long 8% 4% 42% 17% 29% 100%
    
/a/ Total 13% 36% 16% 17% 17% 100%
    
m_h1 25% 17% 25% 21% 13% 100%
m_h1_long 17% 29% 8% 29% 17% 100%
m_h2 25% 13% 13% 46% 4% 100%
m_h2_long 4% 29% 13% 29% 25% 100%
m_h3 46% 17% 38% 0% 0% 100%
m_h3_long 33% 0% 54% 13% 0% 100%
m_l1 21% 0% 33% 17% 29% 100%
m_l1_long 9% 17% 26% 17% 30% 100%
m_l2 13% 13% 46% 13% 17% 100%
m_l2_long 22% 9% 17% 13% 39% 100%
m_l3 33% 4% 58% 0% 4% 100%
m_l3_long 13% 13% 63% 4% 8% 100%
    
/m/ Total 22% 13% 33% 17% 15% 100%
    
Grand Total 17% 25% 24% 17% 16% 100%
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