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ABSTRAK 
Akhir-akhir ini, Mixed-Initiative Dialogue (MID) menjadi bidang penelitian yang semakin digemari di bidang Interaksi 
Manusia dan Komputer. Penelitian yang dilakukan berkonsentrasi untuk merealisasikan MID dengan bantuan VXML–
yang merupakan sebuah sistem yang menerapkan metode berbasis frame (frame-based method). Bertentangan dengan 
argumen yang menyatakan bahwa sistem berbasis frame (frame-based system) hanya mampu mendukung MID tahap 
pertama, penelitian ini membuktikan bahwa VXML dapat digunakan sebagai bahasa pemrograman yang bagus dalam 
merealisasikan fungsionalitas MID. Selain itu, penelitian ini telah membuktikan bahwa VXML mampu mendukung 
sebuah sistem yang dapat memahami aksi illocutionary dari ucapan pengguna. Sekalipun sistem yang dibuat belum 
mampu memahami efek perlocutionary dari ucapan pengguna, namun sistem telah mampu menghasilkan prompt dengan 
efek perlocutionary dan mampu mengantisipasi masukan dari pengguna sebagai respon dari efek perlocutionary yang ia 
ciptakan. 
Kata Kunci: Mixed-Initiative Dialogue, Spoken Dialogue Systems, Illocutionary Act, Perlocutionary Act  
 
1.  Introduction 
1.1  Background 
During the last decade, the World Wide Web (WWW) has developed tremendously and its massive availability has 
influenced, even changed the way of communication very much. Two other areas of remarkable growth are the wireless 
telephony system and Spoken Dialogue Systems (SDS). The former technology enables one to access information and to 
be accessed anywhere, anytime and in any circumstance, while the last makes oral human-computer or computer-
computer interaction possible. 
 
The web, telephony, and Spoken Dialogue Systems used to be separate technologies, having their own incredible 
advantages and disadvantages. Just take the web for an example, all documents in it are coded graphically.  On the one 
hand, the graphical coding enables presenting huge amounts of data in a compact form and accessing them in a short 
time.  On the other hand, it limits its accessibility, i.e. only media with particular specifications and people having no 
visual problems are able to access them. These major drawbacks of the existing web infrastructure encouraged the web 
developers to develop another user interface enabling them to code the web data in voice form, so that the web content is 
accessible aurally and orally to telephony-based applications. This means SDS is crucially required in building and 
designing dialogues whenever users want to access information from the web. 
 
VoiceXML (VXML) bridges the gap between these technologies. As one application of SDSs, VXML comprises a 
conversational finite state machine supporting both fixed- and mixed-initiative interactions (VXML, 2004). As denoted 
in their names, fixed-initiative interaction is a one agent directed dialogue, and mixed-initiative interaction refers to a 
dialogue in which the initiatives, direction and control of interaction are shifted between participations (Allen, et. al., 
1999). This study concentrates more on how to design Mixed-Initiative Dialogue (MID) in VXML to process the queries 
of Centre for Information and Language Processing (CIS), Ludwig Maximilian University, Munich, Germany. 
 
1.2 Research Objectives 
Considering the fact that there have been only a handful of studies experimenting Mixed-Initiative Dialogue in VXML, 
the goals of this study are: 

1. to design and to build MID in VXML 
This study tries to experiment with Allens’s stages of MID in VXML and sees how far VXML can support 
them. 

2. to experiment with using pronouns in system prompts and solving some problems of referential ambiguity 
3. to design dialogues performing Austin’s simple illocutionary and perlocutionary acts 
4. to design and realize a prototype system that reconstructs the complete information of CIS-Website through 

natural language dialogue. 
 
1.3 Problem Definition 
Almost all Spoken Dialogue Systems using natural language in their dialogue share the common problems. Some 
problems addressed in this study are as follows: 

1. how to design a turn taking in a dialogue with a computer system so that the dialogue is not initiated only by 
computer or by user only? 

2. how to make computer understand a user’s utterance if he/she uses personal pronouns? 
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3. how to make computer understand an implication of an utterance spoken by human user? 
 
2.  Theoretical Foundation 
2.1  Dialogue Systems 
In the field of Speech recognition, there are at least two different views about the term dialogue. One group views 
dialogue method as a way of controlling and restricting the interaction, and another view of dialogue involves basing 
human-computer interaction on human conversation (Allen et, al 2001). Based on these views, McTear (2004) defines a 
Dialogue System as a computer system with which humans interact on a turn-by-turn basis and one in which the natural 
language plays an important part in the communication. This definition covers a wide variety of systems ranging from a 
very simple one, such as a dictation system to a complex one such as Zugauskunft der deutschen Bahn (Train 
Information from German Train System). The types of input vary also from textual to spoken ones. Another input mode 
that is supported by Dialogue System is Dual Tone Multi Frequency (DTMF), which is a touch-tone input in which a user 
touches digits 0-9 representing some choices that are programmed in the system. All these varieties of dialogue systems 
serve one goal only that is to build systems capable of having interaction with users using natural language in a natural 
way. 
 
Based on the method used to control the dialogue, McTear (2002) classifies Dialogue Systems (DSs) into 3 types, namely 
1) finite state-based system, 2) frame-based system, and 3) agent-based system. The dialogue in a finite state-based 
system form a dialogue finite-state machine which places the user in one state at a given time. The system maintains the 
control of dialogue by producing prompts at each state, and the user must answer the question in order to be able to move 
to another state. The frame based-system works with a template (a frame) consisting of slots. In the dialogue process, 
these slots are filled with user’s inputs. However, the dialogue flow in frame-based system is not predetermined. Instead, 
it depends on the content of user’s input, i.e. the users are free to give the information in the order he likes or to state any 
information in one utterance. The system is able to perform its task after all slots are filled. The agent-based system 
allows more complex conversation between user and the system. In this system both participants are agents, each of 
which is capable of reasoning about its own actions and “beliefs” (McTear, 2002). The dialogue control and initiative are 
shifted cooperatively between the two agents. 
 
2.2  Mixed Initiative Dialogue (MID) 
So far, there is no widely accepted definition of MID, since it is a multi-faceted concept that can be viewed along several 
dimensions. However, some experts agree that MID refers to a flexible interaction strategy, where each agent can 
contribute to the task what it does best (Allen et al., 1999; Louwerse et al., 2002; Ramakhrisnan et al., 2002). This means 
that MID allows for the direction and control of the interaction to be shifted between the conversant.  
 
Allen (1999) characterizes a range of options to identify a dialogue as a MID. He ranks the characteristics of MID into 
four stages, based on the level of their complexity. Allen’s four level of mixed initiative are: 
1. Uncolicited reporting 

Allen argues that the first step toward mixed-initiative is achieved by allowing an unsolicited report. Just take the 
dialogue in Figure 1 for example. If the caller provides information out-of-turn, i.e. instead of providing the size of 
pizza, he inputs the pizza toppings he wants, and the system is able to notice the problems and notifies the user, this is 
already a mixed-initiative system on the simplest facet. As its consequence, the question about the pizza topping will 
not be prompted anymore. 

 
0   Caller I  : <calls Joe’s Pizza on the Phone> 
1  System (S) : Thank you for calling Joe’s pizza ordering system 
2   S  : What size pizza would you like? 
3   C  : I’d like a sausage pizza, please 
4   S  : Ok, sausage. 
5   S  : What size pizza would you like? 
6   C  : Medium 
7   S  : What type of crust do you want? 
8   C  : Deep-dish 
9   S                  : So that is a medium sausage pizza with deep-dish crust. Is this  

                              correct? 
   10  C  : yes 

(conversation continues to get delivery and payment information 
 

Figure 1. Example of a MID With Unsolicited Reporting, Taken From (Ramakhrisnan, 2002) 
 
2.    Subdialogue Initiation 

In this facet, an agent either the system or the caller may initiate a subdialogue in a certain situation. A subdialogue  
may be used to ask clarification, to correct the information, and so on. The subdialogue initiation is not allowed to 
add a new state. 
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3.    A Fixed-Subtask Mixed-Initiative 
In the third facet, the system takes the initiative to perform or to solve predefined subtasks.  

4.    Negotiated mixed-initiative 
The most complicated facet of MID is negotiated mixed-initiative level, in which agents coordinate and negotiate to 
determine initiatives. The negotiation is based on many factors including a) the agent’s capability to effectively 
coordinate the current subtask b) the other demands on the agent at the present time c) the other agent’s evaluations 
of their own capability to coordinate the interaction at the present time (Allen, 1999).  

 
2.3  Grounding and Dialogue Acts 
Establishing mutual knowledge or grounding is a vital part of communication process, not only in a human-human 
interaction, but also in a human-computer interaction. While managing grounding issues seems to be an effortless work 
for humans, it becomes a real challenging task for the spoken dialogue system, for it involves efforts to share each 
agent’s common understanding about the goal that will be achieved. Gabsdil (2003) proposed three grounding strategies: 
1.     Cautious grounding strategy 

The cautious grounding strategies take a form of a question posed by a system that asks the user to explicitly confirm 
the information provided. The cautious grounding proves to be a robust method for verification but it may leads to an 
unnatural and inefficient dialogue, since it requires a verification at every input given by users. 

2. Optimistic grounding strategy 
Optimistic grounding strategy accepts all user inputs without clarification. The obvious drawback of this strategy is 
that there is no chance for both agents to ensure that they understand each other or no chance to correct the 
misunderstood information.  

3. Implicit verification 
The implicit verification is usually integrated into the next information request. The user can still correct the repeated 
value, but if he does not, then the value is implicitly confirmed. 

 
An important insight about a conversation, according to Austin as cited in (Jurafsky & Martin, 2000), is that an utterance 
in a dialogue is a kind of action being performed by the speaker. Austin claims that the utterance of any sentence in a real 
speech situation constitutes three kinds of acts: 

• locutionary act: the utterance of a sentence with a particular meaning 
• illocutionary act: the act of asking, answering, promising, etc., in uttering a sentence 
• perlocutionary act: the production of certain effects upon the feelings, thoughts, or actions of the addressee in 

uttering a sentence. 
 
3.  Research Methodology 
The methodology conducted in this research is organized as follows: 
1. On the dialogue design side, this study implemented a hibryd method from Wizard of Oz (WOZ) and System in the 

Loop by distributing an e-questionnaire and testing the system to the real users after each phase of system 
construction has been finished. The goal of such test is to refine and improve system performance. 

2. On the recognition side, this study decided to have a predictive approach as suggested by Hagen (1999). In this 
approach, the system predicts the user utterances that are later adjusted to its recognition grammar. This approach 
works very well with the help of the Word Spotting Technique, which predicts and recognizes only the key words. 

3. On the synthesis side, this study chose to use a ready application launched by IBM WebSphere.  
 
4. CALLCIS 
The research objectives were realized by constructing a system called “CALLCIS”. CALLCIS is a dialogue system 
which encodes the content of CIS-Website in VoiceXML documents. The construction process of CALLCIS  was 
differentiated into three phases: design, implementation and evaluation. In the design process, an electronic questionnaire 
was distributed to CIS students, non-CIS students and non students through emails. The questionnaire took form of a 
dialogue which mirrored the system prompt and flow of dialogues. The questionnaire provided different kinds of system 
prompts which demanded user’s inputs and responses. These inputs representing user’s preferences were collected to 
enrich the database which  later enables higher rate of system recognition to user’s utterances. 
 
As for the structure, CALLCIS consists of one root document, one menu document, and 72 application and non-
application documents including grammar files. These documents are classified into 5 domains namely, courses, study 
programs, consultation, faculties and miscellany. Each domain and applications provide a navigation system that enables 
users to jump from one domain to another without finishing the conversation they are engaged in.  The domain courses 
has three applications, while the domain study programs has two applications. The upper level structure of CALLCIS can 
be seen in Figure 2. 
 
Inspired by discourse theory proposed by Dahlbaeck and Joensson (1998), the discourse management in CALLCIS are 
categorized into four groups: Discourse Opening (DO), Discourse Continuation (DC), Discourse Transition (DT), 
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Discourse Ending (DO). The greetings from the menu to the greetings in each application are identified as DO. DC 
covers almost all dialogue sequences in the interaction. The end of DC is marked by the achievement of the user’s goal in  
 

 
Figure 2. The diagram flow of CALLCIS on the top level 

 
engaging the interaction, i.e. the user gets the information he seeks.. DT marks dialogue sequences which navigate users 
to the main menu, to the same application but posing different queries, to other applications or domains, or simply to DE.  
 
The basic category of CALLCIS dialogue models are Turn and Move. A turn is a continuous period of the dialogue 
where one participant speaks. Any turn may consist of one or more moves. A move comprises exactly one dialogue (or 
speech) act. In tracking participant’s initiative in a dialogue, three types of move are introduced as initiative model in 
CALLCIS dialogues – Taking Initiative (T), keeping initiative (K), and giving Response (R). These three types of move, 
T,K,R, may occur in any discourse segment. Yet, six pairs of turns are specified and presented here to be a basis for 
developing and identifying CALLCIS interaction: 
a)  S:  T  K*   b)  S :  T*  K+   c)  S :  T  K* 
     C:  R            C :  R*  T        C :  T K*     
d)  S:  R    e)  S :   K+   f)   S :  R  T 
     C:  K+        C :  T K*        C :  R*  T 
The  notation above shows that one turn may consists of more than one move, and if the first move in one turn is scored 
as T (rule a), then the rest will be identified as K. the character S in each rule stands for System and C for caller. The 
Kleene star (*) is used here to mark zero or more occurrences of the move types, and Kleene plus (+) is used to specify at 
least one occurrence of the defined move. An interaction is defined as MID if it contains at least 2 combinations of the 
rules defined above. Figure 3 describe a sequence of dialogue in CALLCIS and the notation of the participant initiative. 
 

Dialogue 
 

Types of 
move 

Discourse 
segments 

(1)  S: The information about CIS faculty members is available here. How can I 
help you? 

(2)  C: I need Professor Schulz 
(3)  S:  Which information about Professor Schulz do you need?  
(4)  C: Which courses does Professor Schulz offer? 
(5)  S: From which semester do you need Professor Schulz’s courses? 
(6)  C: SS 06                                                 (unrecognized for it is abbreviated) 
(7)  S: Do you have problem here? Please say this semester or the last semester. 
(8)  C: last semester 
(9)  S: Would you like his undergraduate courses? 
(10)C: Yes, I do. 
…………………………….. 
(continued to the verification process) 

T K 
 

R 
K 
R 
K 
R 

K K 
R 
K 
R 
 

DO 
 
 

DC 
 
 

…… 
 

Figure 3. An Example of Dialogue Using Pronoun in CALLCIS Prompt 
 
CALLCIS has succeeded in implementing three levels of MID. The first level of MID could be implemented effortlessly 
since VXML is a system using frame-based approach for its dialogue management. The unsolicited reporting in 
CALLCIS is hardly noticeable, because firstly it applies open-ended questions in most of its DO prompts. The 
unsolicited reporting, is traceable only in domain Advisory Service. Secondly, reporting an out-of-turn answer requires a 
greater number of unnecessary turns. Since VXML automatically pops up the prompts from unfilled slots, the report of 
an out-of-turn answer in CALLCIS is traceable in implicit verification.  
 
The second level which is subdialogue initiation was implemented in two ways. First, subdialaogues are used to clarify 
information in a dialogue scope as recommended by VXML specification. Secondly, subdialogues are applied to execute 
special tasks such as: 
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a. clarifying ambiguity 
Some user’s inputs might create ambiguity problems. Since CALLCIS is a mixed initiative system, CALLCIS is 
designed to solve some detected ambiguous inputs by calling its subdialogues. Just for example, in the domain faculty 
there are ambiguities resulted from various possibilities that users use to call faculty members either by nick, first or 
family names with or without title. These possibilities create referential ambiguity if for example the user utters 
Christoph, as there are more than one Christoph in CIS. The subdialgoue is invoked and prompts a question asking 
which Christoph the caller means. Help and event handlers are provided to lead the user to come to either Christoph 
Draxler or Christoph Ringlstetter. The subdialogue will not be initiated if the user utters either the last or the full name 
of the faculty members. Thus the subdialogue functions as a tool reducing the system incapability in recognizing 
ambiguous inputs. 

b. clarifying semantic relations 
It is very possible for an unversed user to provide information that is unambiguous but posing the hierarchical and non 
hierarchical semantic relations with the key words defined for the purpose of recognition. For example, if user utters 
exam, then the subdialogue is executed to provide users choices of its narrower terms such as pre-magister exams, final 
exams, etc. In this case, the subdialogue is designed to tackle the problem of clarifying broader terms whose narrower 
terms are available in the system database. The subdialogue will not be executed if user states directly the narrower 
terms. 

c. navigating users 
The subdialogue is used also to give freedom to users if they like to pose another query in the same domain or 
application, go back to the main menu or to quit the conversation. This kind of subdialogue is executed after a session 
of a dialogue is finished, i.e. the system delivers the information the user seeks. 

 
The third level of MID – the fixed-subtask mixed-initiative in CALLCIS was implemented to make a phone connection 
to the CIS faculty members. If a user demands a phone number of a faculty member, CALLCIS delivers first the 
information about the phone number, then it makes proposal whether the user wants to speak with that faculty member. If 
the user agrees to CALLCIS proposal, CALLCIS does its subtask, namely transferring the call connection to the phone 
number of the faculty member. As soon as the caller is connected to the CIS faculty member, his dialogue with 
CALLCIS is terminated, for the conversation with the CIS faculty member takes place outside the VXML documents. 
Level four could not be implemented, since the problems of negotiating initiative between user and system are 
theoretically possible but realistically still inapplicable.  
 
From previous studies, it is stated that the use of pronouns is relatively rare in Human Computer Interaction (HCI). The 
rarity of pronoun occurrence in the language of HCI seemed ideally suited for CALLCIS dialogues, and hence it was 
given a trial in this system. CALLCIS is able to use pronouns in its prompts but is still unable to recognize user inputs if 
the key words are replaced with pronouns.  The realization of using pronouns in CALLCIS requires specific contexts, 
such as the antecedent of pronoun must be a parameter value, the antecedent must occur in the immediate system prompt, 
and it is applicable only in a subdialogue prompt if the variable containing the antecedent is transferred to the 
subdialogue. As the faculty names become the parameter values, they can be formulated as pronouns, especially as 
possessive pronouns. The only domain in CALLCIS that enables using pronouns is Faculty. Dialogue segment in Figure 
2 shows how CALLCIS can use his as a reference to Professor Schulz. 
 
In addition to the objective of study, a research on the verification strategy has been conducted as well. This makes 
CALLCIS be a step ahead from the other available dialogue system such as automatic German Train information center. 
In term of verification, CALLCIS is able to process a corrected false input or a misunderstood response inputted by users 
apart from its order of keywords inputting. Figure 3 describes CALLCIS’s intelligence in understanding the verification. 
 
4.1  CALLCIS Prompts and Speech Acts 
Austin’s speech acts are implemented both in the system prompts and in understanding user’s inputs. Many CALLCIS 
prompts are designed not to list all choices or menu it offers. Instead, it provides only one choice in a form of a question 
such as “Do you need general information about library?” Such type of prompt having illocutionary force of asking is 
intentionally meant to create a perlocutionary effect of disagreeing, of rousing curiosity to the rest of information or of 
reverting the question back to the system, for example “No. What do you have then?” As a result of this perlocutionary 
effect, the initiative-taking process may be shifted to the caller and thus makes the interaction more interactive. 
 

Dialogue Types of Move Discourse Segments 

…. ….. 
(3) S: You are seeking  information about application in major Computational     

Linguistics,  aren’t you? 
(4) C: No,  It is not application but admission. 
(5) S: You are seeking information about admission in Major Computational 

Linguistics. Is that right? 

 
T K 

 
T 
 

R T 

 
DC 
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(6) C: Yes, I am. 
……………….. 

 
R 

 
Figure 4. The Verification Dialogue in Which The System Recognizes The Corrected Input Spoken Before The 

Misunderstood One. 
 
In terms of recognition, CALLCIS is also designed to be able to recognize different types of illocutionary acts but not to 
understand and to interpret the perlocutionary effects. The recognition of illocutionary acts is made possible with the 
application of the Word Spotting Technique. This technique searches only for the key words. Thus, it does not matter 
how users formulate their sentences, CALLCIS will recognize them as long as they contain the same key words. For 
instance, CALLCIS recognizes the following sentences having illocutionary force of asking, informing, ordering or 
requesting the system to deliver the required information: a). Which telephone number does Thomas Schaeffer have? b). 
I need Thomas Schaeffer’s telephone number, c). Can you give me Thomas Schaeffer’s telephone number? 
 
5. Evaluation 
The objectives of evaluation are to examine how CALLCIS performs when it is used by real users, to identify differences 
between its expected and actual performance and to facilitate its refinement. The evaluation took two variations of forms. 
First, the testers were given a chance to evaluate the CALLCIS performance by filling in a questionnaire after they had 
some interactions with CALLCIS. Second, CALLCIS was evaluated quantitatively using Utterance-Based metrics and 
Dialogue-Based Metrics as proposed in (Glass et al., 2000). The utterance-based metric measures Word Error Rate 
(WER), Sentence Error Rate (SER), and Concept Error Rate (CER). The concept measured is a semantic one, for 
example, the sentence “Which main seminars are offered on Monday afternoon?” has three semantic concept: SEMINAR 
with the value “main_seminar”, DAY with a value “monday”, TIME with the value “afternoon”. The dialogue-based 
metric measures the system performance by computing the query density (QD) and the concept efficiency (CE). QD 
measures how effective the user can provide new concepts to the system, and CE calculates the average number if turns 
required for all of the required concepts to be understood by the system. The followings are ways to measure QD and CE: 

                                                Nd                                                                                                                  Nd 
                              QD =  1     ∑     Nu(i)           (1)                           CE = 1       ∑     Nu(i)                      (2) 
                                        Nd  i=1    Nq(i)                                                    Nd    i=1    Nc(i) 
 

  Where Nd is the number of dialogues, Nq(i) is the total number of user queries in the ith dialogue, Nu(i) is the number of 
unique concepts understood by the system in ith dialogue, and Nc(i) is the total number of concepts in the ith dialogue. The 
results of the evaluation can be seen in Table 1 below. 
 

Table 1. The Results of Evaluation on CALLCIS Performance 
  measurement results 
Number of utterances 446 
Concept error rate (CER) 36% 
Sentence error rate (SER) 66% 
Query Density (QD) 0,79 
Concept Efficiency (CE) 0,95 

 
6. Conclusion And Future Works 
This study has proved that VXML is capable of supporting a Mixed-Initiative Dialogue until stage 3. Furthermore, it has 
proved that CALLCIS is able to understand illocutionary acts in dialogues as along as all speech acts consists of the 
defined keywords. Understanding to different kinds of speech acts is made possible by applying the word spotting 
technique. Though the system is still unable to catch the perlocutionary effects of user’s utterances, the system  proves to 
be able to  produce perlocutionary effects. This study has made a trial of using pronouns in system’s prompts. Another 
great improvement achieved by this study is that in understanding verification responses, the system is capable of 
differentiating the corrected input from the misunderstood or ill-formed inputs independent of its order of occurrences in 
a user’s utterance. The last achievement worth mentioning here is that CallCIS is able to support navigation initiated by 
both users and CallCIS itself.  
 
Though it will be a very challenging task, it is suggested to design a dialogue system that is able to recognize simple 
user’s utterances containing pronouns. Making trial of the fourth level of MID is worth researching in the future works. 
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