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Abstract

In this paper, we propose a strategy for designing dialogue managers in spoken dialogue systems for a restricted domain. This strategy combines several information sources intuition, observation and simulation, in order to maximize the adaptation within the system capability and the expectation of the user. These sources are combined by an iterative process consisting of five steps, where different dialogue alternatives are proposed and evaluated sequentially. The evaluation process includes different measures depending on the information required. Several measures are proposed and analyzed in each step. We also describe a user-modeling technique and an approach for designing the confirmation sub-dialogues based on recognition confidence measures. The knowledge-combining methodology is described and applied to a railway information system. In a subjective evaluation, users from the university gave the system a 3.9 score on a 5-point scale with an average call duration of 205 seconds. The employers of the railway company were more critical of the system. They gave it a score of 2.1 even though the system resolved more than half of the calls (57.8%) within an average call duration of  three minutes (185 seconds).
1 Introduction

The dialogue manager is one of the most important components in a Spoken Language System. This module is responsible for managing the different resources provided by the rest of the modules: speech recognition, parsing, language generation, speech synthesis and database querying. Moreover, the dialogue manager is the module that defines the interaction with the user and it is the window through which the user perceives the system’s capabilities.

The state of art in speech technology allows automatic systems to be developed that can work in real conditions. Telephone-based spoken dialogue systems have turned out to be an important field for applying these technologies. During the last few years, a significant number of spoken dialogue systems have been implemented for restricted domains. In Europe, we can highlight the Philips system (Aust, 1995), the ARISE project (Lamel, 2000; Baggia, 2000) and the BASURDE[LITE] system (Trías & Mariño, 2002) as examples of train travel information and ticket reservation services, and the Philips Directory-Assistance system (Schrâmm, 2000) as example of directory information service. In the USA, an important project has been the DARPA Communicator (http://fofoca.mitre.org), which has involved the most important research centers in this country: AT&T (Walker, 2001), MIT, BBN, Carnegie and Mellon University (Rudnicky, 2000; Carpenter, 2001), University of Colorado (Pellom, 2000; Zhang, 2001), Bell Labs, SRI and IBM (Gao, 2001). The main evaluation results have been presented recently (Walker, 2002a; Walker, 2002b). These services enable natural conversational interaction with telephone callers who access information on airline flights, hotels and car rental. Finally, it is necessary to refer to the AT&T call redirection system, “How may I help you?”(Riccardi, 2000), and the JUPITER system (Zue, 1997; Zue, 2000) (weather information) because theirs developers were pioneers in these systems. In Spanish, we can comment on the ACIMET system (Padrell, 2002) as an example of a weather information service.

In this paper, we present a methodology for designing the dialogue manager in a spoken dialogue system for restricted domains. We used this methodology to develop a train timetable information system for the main Spanish intercity connections. We also present an approach for designing the confirmation mechanisms and a proposal for incorporating user-modeling techniques in dialogue management. This paper provides a complete and detailed description of previous conference publications (San-Segundo, 2001a; San-Segundo, 2001b; San-Segundo, 2001c), including new experiments with updated results and new ideas obtained from the field evaluation carried out with final users from the railway company (RENFE). This paper also presents a review of the dialogue models considered in the international community, plus a short analysis of the evaluation problem in spoken language systems.

2 Background

Two of the most important challenges in dialogue design are dialogue modeling and dialogue evaluation. The next section discusses key issues in these areas.

2.1 Dialogue Modeling

In order to design a dialogue manager, it is necessary to define a model of the dialogue to be used as implementation architecture. The design process consists of obtaining the values for all the dialogue model parameters. From a high-level point of view, a dialogue model should include three basic elements/parameters:

· Turn Structure: the data structure including all the information necessary for a dialogue interaction; e.g., language model and dictionary for recognition, prompts used by the system, and the item value to confirm (in a confirmation turn). The designer could define different types of turn. Some examples are prompting, confirmation, information providing and database querying. The information stored depends on the turn type. The dialogue turns can be prefixed at the design stage, or they can be generated depending on the dialogue flow.

· Interaction Point / Dialogue State: the data structure reporting on the current state of the dialogue at any point of the call. This structure should include information such as the turns executed up to this point, the obtained items, the confirmed items, and several measures of the interaction quality.

· Executing turn algorithm: the algorithm that defines the sequence of turns. If the turns are generated dynamically, this algorithm should define the rules for this generation.

Within the speech community, you can find several dialogue models. The following sections describes the most important ones.

2.1.1 Finite State Grammar Model

The dialogue model is based on a finite state grammar as shown in Figure 1. We can identify three components of a dialogue model:

· Turn structure: each dialogue state is associated with a different turn. In each state, we consider a data structure to store the information related to the turn. This information depends on the turn type associated with this state: prompting, confirmation, etc.

It is necessary to clarify that, in this model, there is an information flow between different states (e.g., an item value). This information should be passed from the prompting turn to the confirmation turn. This flow must be made through auxiliary data structures, accessible from all turns (states). 

· Interaction Point: this point is defined by the last turn executed and the information stored in the previous turns. From these structures, we can determine the dialogue history and the interaction point.

· Executing turn algorithm: in this case, the algorithm is very simple. The dialogue flow is specified by the state order in the finite state grammar. When there are several output paths from the same state, the algorithm will check the corresponding question and make a decision.
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Figure 1: Finite state grammar for a train fares and timetable information system.

The main advantage of this model is its simplicity: when you define the grammar, the dialogue flow is fixed. On the other hand, this model presents a high degree of rigidity and does not allow mixed-initiative dialogue managers to be developed. Some examples of this kind of model are provided in Sutton et al. (1998), Baggia et al. (2000) and Córdoba et al. (2001).

2.1.2 Frame-based model

In this case, the dialogue model is based on frames. For every goal in the dialogue, we define a frame associated to it. A dialogue goal is part of the functionality provided by the service: fares or timetable information, ticket reservation, etc. Every frame contains the items needed to satisfy the goal (data necessary to query the database and to obtain the information requested). In Figure 2, we represent the two goals (FARES and TIMETABLE) considered in the example of Figure 1. 
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Figure 2: Frames representing the goals shown in Figure 1: FARES and TIMETABLE.

In Figure 2, we also show the example fields contained in the “Departure City” structure (Timetable Frame): its name, the value recognized, the system prompt, the confirmation prompt and a boolean parameter reporting the item confirmation. The dialogue model components are as follows:

· Turn structure: in this model, the turn structure is dynamic and it is generated depending on the dialogue flow. At every turn, the system creates a turn structure containing the information needed for this interaction. This information comes from the item structures in the goal frame.

· Interaction Point: we can define the dialogue state by checking the information contained in the frame structures. In these structures, we have the item values which were confirmed as well as the items that are empty. When the system obtains and confirms all the items, the goal can be satisfied (the system accesses to the database and provides the required service). We can also store all the turn structures generated during the interaction. We use this set of structures for debugging or for aiding/supporting the decisions of the executing turn algorithm.

· Executing turn algorithm: in this case, the algorithm is more complex because it creates turn structures dynamically. At the beginning, the system must detect the goal required by the user (and the associated frame). From this point, the algorithm generates the turn structures, attempting the following actions in the priority listed (Ward & Pellom, 1999):

· Clarify if necessary. If the interpretation is uncertain or ambiguous, interact with the user to get a unique and high-confidence interpretation.

· Retrieve data and present them to the user. If there is enough information to build a data query, build it and get the results. 

· Prompt user for required information. If there is not enough information to take the desired action, prompt the user for the required information. The rules for deciding what to prompt are very simple because we define an item priority. We always select the highest priority unfilled slot. Another alternative is to develop rule-based systems where several rules define the next item to ask, considering the interaction point (Litman, 2002).

This model is more complex, but it is more flexible and permits mixed initiative (user and system initiative) dialogues. The user can change the order of goal or item specification. Although this model is more powerful than the previous one, they are not incompatible models. In a dialogue module both strategies can coexist. Sometimes, there are complex sub-dialogues that require a full system initiative strategy. For these cases, the best way of modeling the dialogue is by using a finite state grammar. For the rest of the dialogue, we can use the frame-based model. Some examples of this kind of model are given in Aust et al. (1995), Goddeau et al. (1996), Bennacef et al. (1996), Constantinides et al. (1998).

2.1.3 Hierarchical model

The hierarchical model is similar to the frame model. The main differences correspond to the structures used for dialogue representation. In this case, we use a hierarchical structure, where we show the main goals of the services, their sub-goals and the items associated with each sub-goal. In Figure 3, we show the hierarchical structure for the example used during the exposition. 
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Figure 3: Hierarchical structure representing the goals shown in Figure 1: FARES and TIMETABLE.
The highest level includes the goal structures while the lowest level contains the item structures. These data structures are similar to those described in the previous section (frame and item structures). In this case, a new intermediate level is incorporated for increasing flexibility: the sub-goal level. The main sub-goal characteristics are as follows:

· The sub-goals permit several items to be grouped, defining dialogue steps (sub-dialogues). Between these steps, we can define rest zones, where the system can offer help to the user or make an interaction summary. The system can control the dialogue rhythm.

· The sub-dialogues permit the complexity of prompting a set of items to be encapsulated. For example, for the trajectory sub-goal (including departure and arrival cities), we could consider both items as independent: each item is prompted and confirmed in different turns. On the other hand, it is possible to prompt or confirm both items in the same turn, saving dialogue turns and time. Independently of the item prompting, the goal and sub-goal structures would be invariant.

· From the previous point, we can deduce that sub-goal nodes have structures similar to those contained in item nodes. These structures contain fields like the sentence to prompt all items at the same time, the sentence to confirm all items simultaneously and the confirmation flag (this flag will be true when all the sub-goal items have been confirmed).

The structures at the goal level are composed mainly of flag fields: a flag to indicate that the goal has been selected or a flag to inform that all the items have been obtained from the user and it can query the database.

In the hierarchical model, it is necessary to define relationships between fields contained in goal, sub-goal and item structures. For example, a sub-goal should be considered confirmed when all the items associated with it have been confirmed. And vice versa, when one sub-goal has been confirmed, all the items should be tagged as confirmed. These rules define the integrity of the dialogue state. When the state of the dialogue is modified, all the relationships should be checked, and all the field-related structures should be updated.

This model permits optional items to be defined (an example was shown in Figure 3 with a dash line: the type of train). An optional item is not necessary to access the database, so it is not prompted. If the user wants to specify it, the system will collect it, constraining the database query. Considering the integrity rules previously discussed, we can extend the optional item concept. Through these rules, we can define logical functions among several items, leaving the choice to the user. An example is presented in Figure 4.
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Figure 4: Example of an extended concept of optional items.
In this example, the sub-goal trajectory will be completed when the user specifies the departure and arrival places. A place is specified by the city name
 or by the station name. In this case, the item type (optional/mandatory) depends on the user response. The user decides what to say the city name or the station name. This technique offers higher flexibility.

On the three components of the dialogue model, the comments are similar to those made in the previous section. The turn structures are generated dynamically and the dialogue state is defined by the content of the hierarchical structure. The dialogue sequence is defined based on the priority of the items in each sub-goal, and the sub-goal priority in each goal. As we commented before, rule-based systems are an alternative to define the dialogue flow when the user does not take the initiative. The user can change the prompting item sequence or the focused goal (mixed-initiative). As the dialogue advances, the hierarchical model can change its structure, adding new sub-goals, deleting old sub-goals or modifying the item characteristics their priority, optional/obligatory aspect, etc.

Examples of this dialogue model include some of the dialogue managers generated in the Darpa Communicator project (Ward & Pellom, 1999), Pellom et al. (2000), Rudnicky et al. (2000), Zhang et al. (2001), Carpenter et al. (2001), Walker et al. (2001), Gao et al. (2001).

As we can conclude from the dialogue model descriptions, the principal elements of a dialogue model are goals and items. Other important aspect is the item asking sequence (dialogue flow) for obtaining the information necessary to satisfy a goal. In the methodology description, we will focus the design effort over these aspects.

2.2 Dialogue Evaluation

Any human-computer interaction can be represented by a sequence of states (or dialogue steps). A dialogue step includes one or several turns related to it, prompt and confirmation turns, for example. These steps can be prefixed or can be generated dynamically. For evaluating each dialogue step, it is necessary to consider these two parameters:

· Average time needed to complete the step TAVG.

· Error probability PERROR. This is the probability that the user will not complete the step and will finish the interaction with the system (hang up the telephone).

Depending on the step complexity, we can obtain an estimate of these two evaluation parameters. This estimate can be made by considering measures such as the time needed to prompt an item, the average response length, the recognition error rate, etc. When the step contains many turns, the parameter estimation is more complex, and it is necessary to consider real user interactions in order to measure these parameters (Suhm & Peterson, 2002).

When defining the dialogue steps, we can consider different granularity levels. We can define dialogue steps that group several smaller steps. In this case, we calculate TAVG and PERROR knowing the parameters of the smaller grouped steps and the combining structure. See the example in Figure 5. We show a big step that includes five small steps (A, B, C, D and E), and its parameter calculation.
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Figure 5: A complex step example.
Extending this idea, we can establish a relationship between the parameters of the small steps, the sub-dialogues (bigger dialogue steps) and the whole dialogue. These parameters permit the dialogue quality at several levels to be measured. In dialogue design, several dialogue strategies should be tested and evaluated. The best option should consume the lowest average time with the lowest error probability. This idea has been considered as an important criteria during the designing process to select the best dialogue alternative. One problem appears when the option with the lowest average time has a higher error probability, or vice versa. In this case, it is necessary to compute a unique measurement obtained from these two parameters. Levin and Pieraccini (2000) propose using a linear combination of both parameters. For this formulation, the problem is how to calculate the weight for each parameter. These weights are not unique because they depend on the type of service offered. Let us consider two different situations: the first one with TAVG = 4.2 min and PERROR = 40% and the second one with TAVG = 8.1 min and PERROR = 20%. Considering a service where there is human operator support for difficult interactions, we would choose the alternative with lower TAVG even though the PERROR is higher. In this case, the incorrect interactions will be managed by a human operator, so we do not pay attention to the PERROR except if it is excessive high. On the other hand, if there is no human operator support, the best alternative is the one that offers a lower PERROR even though the TAVG is higher. Because of this, the dialogue evaluation (during design) and dialogue testing for a specific service must consider the service characteristics (relevance of the information provided by the service), its competency (other similar services provided by a human operator or automatic systems) and user expectations. 

Hacioglu and Ward (2002) propose a strategy for calculating the combination weights by analyzing previous user tests. Their strategy is based on the correlation between user satisfaction and the measures obtained during the testing. This proposal is a modified version of the PARADISE strategy Walker et al. (1997), Walker et al. (1998). Minker (2002) presents an overview of recent activities in spoken dialogue system evaluation.

3 Methodology for Dialogue Design
The methodology proposed in this paper consists of five steps. The first step is the database analysis in which the information contained in the domain database is described by an Entity-Relationship diagram (E-R). In design by intuition step, a "brain-storming" on the E-R is carried out for proposing different dialogue alternatives. The third step is design by observation, where we evaluate each proposal using user-operator dialogue transcriptions. In the next step, we simulate the system with a Wizard of Oz design in order to learn the specific characteristics of human-system interactions. The fifth step is the design by iterative improvement, in which the confirmation strategies are designed in order to implement a fully automatic system. In this step, we also propose a user-modeling technique. Although the methodology is described sequentially, new dialogue characteristics can appear at any step, making it necessary to re-define and re-evaluate some aspects of previous steps. Because of this, the methodology should be interpreted as an iterative process consisting of five design steps.

The railway information system developed in this work uses isolated speech recognition, but the methodology is general and can be used to develop systems with continuous speech recognition and understanding.
This methodology is similar to the Life-Cycle Model presented in Bernsen, (1998) and (www.disc2.dk), but we incorporate the step "design by observation" in which human-human interactions are analyzed, and we present measures to evaluate the different design alternatives at every step of the methodology.
4 STEPS 1 & 2: Database Analysis and Design by Intuition
The database, as the initial point in our methodology, contains the information or knowledge we want to provide in our service (the information that the system will manage). For example, in a railway information system, this database contains the timetable information for all the trains, their prices, their services, etc. The aim of the database analysis is to describe this information. This description consists of an Entity-Relationship Diagram (E-R) that shows a semantic representation of the data (Figure 6). In this diagram, the main entity sets, their attributes and keys (attributes that uniquely define an element in an entity set), and entity set relationships must be defined. The E-R diagram is the domain representation (data representation) that end users will perceive through the service. Because of this, the E-R diagram must match user expectations perfectly. In order to guarantee this, end users should collaborate with the designers in the E-R diagram definition. The E-R diagram is not unique and depends strongly on the system designers, the end users and the service provided. Sometimes, the E-R diagram can be very different from the database structure. In these cases, it is necessary to develop a new module that translates the original database structure to the E-R diagram view.

The entity sets are critical because they will be the possible goals that the system can provide (parts of service such as timetable information, reservations, fares, etc.). The entity sets that contain a great amount of data will be especially interesting. They will contain a high percentage of data that the system will manage, as such they will probably be requested frequently by the users. On the other hand, the keys are the main mandatory items for accessing entity elements. Because of this, the user must be asked about them to define the dialogue interactions. A provisional order of prompting can be drawn by considering entropy criteria. The items that produce a higher information increment should be queried first. This way, the user perceives the system as a rapid way to glean the desired information.
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Figure 6: Entity-Relationship diagram defined for our railway information service.
After the database analysis, we propose "brain-storming" (design by intuition) on the E-R to propose dialogue alternatives. These proposals are concerned with the goals to be provided, the sequence of offering them, the items needed to satisfy each goal (pieces of information that must be obtained from the user, such as departure and arrival cities, departure date, etc.), and the sequence of asking them. As we commented in section 2.1, these are the most relevance aspects in dialogue design. Other aspects like the ways the user can specify each item can be considered. For example, for the place of departure, the user can say the station name or the city name. In the second case, the system should provide the information for all the train stations in that city. Expert designers and final users should be involved both in the “brain-storming” and the E-R diagram definition. The result of this analysis is a table or worksheet that includes all the alternatives. Although, these two steps do not require significant design effort, they have the disadvantage that the experience of a small group of people is not always enough to capture all variability in user behavior. Because of this, the alternatives presented in the worksheet should be validated and completed in the next steps. This table will be used in the next methodology step to compute the frequency of each alternative concerning the goals, the information that the system must provide, the ways the user specifies an item, etc.

5 STEP 3: Design by Observation
Design by observation is intended to analyze user-operator dialogues in a similar service and track off the observed events. This design phase evaluates and measures the impact of the alternatives proposed at the previous step. The relevance of the alternatives is calculated by counting how many times they appear in the user-operator dialogues. New alternatives can be found during this analysis and must be included. These new alternatives can redefine the E-R diagram, making it necessary to repeat partly the design by Intuition process. This example illustrates that this methodology should not be interpreted as a rigid sequential process but an iterative one. The analysis carried out in the design by observation step is focused on three aspects: goals, items and negotiation.

5.1 Goals analysis

In the goal analysis, we focus the study on two aspects:

a) Goals that are most frequently required by the user, and the sequence of querying about them.

The result of this analysis is the number of times that a specific goal is required and its position in the goal sequence of the call. In Table 1, the goal analysis for 100 call transcriptions is presented. Several goals can appear in the same call. In our final system, we offer the goals that appear in more than 10% of calls, except Itinerary (there is no information in the database) and Others (it contains very different goals but none reaches 10%).
Table 1: Goal Analysis.

	
	% 
	Position

	
	
	1st 
	2nd 
	3rd 
	4th 
	5th 

	Timetable
	64
	57
	6
	1
	-
	-

	Round trip Timetable
	20
	-
	14
	5
	1
	-

	Fares
	46
	6
	30
	10
	-
	-

	Make a reservation
	26
	14
	4
	2
	3
	3

	Train frequency
	2
	2
	-
	-
	-
	-

	Itinerary
	14
	8
	4
	1
	1
	-

	Offers
	5
	1
	2
	1
	1
	-

	Others
	12
	8
	2
	-
	2
	-


From this table, we conclude that the timetable information is a very important goal, and it is usually asked for at the beginning of the interaction. The “fares” goal is also an important one that appears in second position, similar to the “round trip timetable” goal. Generally, we have observed two kinds of interaction. In the first one the user asks for timetable information and then for fares or round trip information. The second kind shows a well-informed user who calls the service to make a reservation directly (“to make a reservation” appears as the first goal in a significant number of calls). This analysis shows a pattern in the behavior pf Spanish users. They call the service mainly to get information (timetable and fares). After the first call, some of them phone again to make the reservation.

b) The information given by the operator to satisfy each goal. 

We make a note of these data (e.g., departure and arrival times, trip duration, and train type) and their importance (number of times that the operator provides them). We also make a note of the order for providing information (if it is fixed for all cases or it depends on the data provided). These aspects are related to the way the human operator summarizes the information, selecting the most relevant data and the exposition order.

5.2 Item analysis

To satisfy a specific goal (part of a service), the system must request some items from the user in order to get the information necessary for the required action. These questions also must be studied in step five. The aspects to be analyzed are as follows:

a) To determine which items are needed to satisfy each goal and the sequence for quering them
For studying this aspect, it is necessary to make note of how many times the user provides each item (or the human operator asks for it) and its order: which items are specified/required during the first turns and which ones in the last turns.

b) To classify items as mandatory or optional:

· Mandatory: these are items needed to satisfy the goal and the user must be queried about them (e.g., "What date are you departing?"). If the user does not provide this information, it must be assigned a default value (e.g., "today") or the goal have to be satisfied depending on the item value (e.g., for all days in current week).

· Optional: the system does not ask the user for it . When the user specifies it, the provided information should match the item value.

As previously mentioned on, a first item classification was obtained from the database analysis. In this case, we considered the key attributes as the mandatory items, and the rest as optional ones. The user can provide optional items to constrain the service required. During the observation analysis, this classification can change slightly because some mandatory items are re-classified as optional ones. This phenomenon occurs when the human operator wants to offer several options (instead of just one) to help the user decide (e.g., in our case, the human operator asks for the departure date but not for the departure time. The operator tries to provide several options to the user who will decide the best time depending on schedule preferences).

c) To classify each item as simple or complex. 

We consider an item as complex when it can be divided into several simple ones (e.g., "departure date" can be divided into DAY, MONTH and YEAR). This classification depends on the available speech technology. With isolated speech recognition, each simple item requires one interaction; a continuous speech recognizer could solicit several simple items simultaneously.

d) To analyze the different ways a user can specify an item value and its importance.

At this point, it is necessary to make note of the different ways of item specification and the percentage of times each way is considered.

Table 2: Analysis for the Departure Date.

	Current week
	This month
	Other month
	Any

	today
	25.0%
	9.4%
	4.7%
	28.1%

	tomorrow
	15.6%
	
	
	

	weekday
	17.2%
	
	
	


Table 2 shows the results for the departure date. A high percentage of people travel during the same week that they are inquiring and a relevant percentage do not specify any date, because they just want general travel information between two cities. 9.4% of people traveled during the same month and specified the day by stating just the date of the day (e.g., the 20th). 4.7% of people traveled on another month and specified the date by the name of the month and the day.

One noteworthy aspect is the high percentage of users who do not specify the departure date (28.1%). This effect shows a Spanish habit in train information requests. Frequently, when they phone the operator, they have not yet decided the departure date. They want general information to plan a trip. In these cases, a mandatory item is not specified, so the human operator must propose an item value as default (e.g., today) or provide the information for several item values (e.g., for all the days in the current week, or for two days: week and weekend day).

Another required query is the place of departure, approximately 90% of the users specify the departure place with the name of city, and only 10% use the station name. This analysis is very important to properly define the recognition vocabularies and language models.

e) Item ordering and grouping. 

One step in the dialogue is a set of user-system interactions in which the user could be asked several items without confirmation. Our recommendations are:

· Grouping items that are contiguous in the item sequence and have a semantic relationship between them (e.g., departure date and time).

· Not to group more than four consecutive items.

Just one confirmation can validate a group of items. We can also incorporate rest zones between consecutive groups to provide help or an interaction summary. The dialogue steps impose a certain rhythm to the user-system interaction.

5.3 Negotiation analysis

The "negotiation" is the process through which the user must accept or reject the system proposals, by being able to change the constraints and modify them. The target of the negotiation sub-dialogue is to match the system alternatives to the user’s needs. In order to study this type of dialogue it is necessary to evaluate the following aspects:

a) The information that helps the user to make a decision, and its importance.

We have to annotate each different criterion used during the negotiation (e.g., departure date, departure time, fares, travel duration, number of connections) and the number of times it is considered (criterion relevance).

Table 3 shows the analysis for negotiation criteria. As shown the most used criteria are the departure and arrival times. The number of connections is an important factor, but it does not appear frequently in user-operator dialogues because we have observed that the operator only offers direct trips without connections. The operator only offers trips with connections when there is no direct trip, in these cases, it is an important factor. 

Table 3: Criteria analysis for negotiation.

	Criteria
	%
	Criteria
	%

	Departure time
	41.0
	# Connections
	2.6

	Arrival time
	15.4
	Connection place
	2.6

	Departure station
	2.6
	Class
	10.3

	Fares
	7.7
	Duration
	5.0

	Train Type
	12.8
	


Another interesting result is that Train Type is more frequently used for negotiation than Fares. This effect occurs because there is a relationship between these two aspects, known by the users. And the Train Type offers more information, it provides a hint not only about fares but also about the services offered on the train.

b) To choose the negotiation strategy. 

There are two negotiation strategies: the system can present the best option and let the user ask for the previous/next one (navigation), or the system can present several alternatives at the same time and ask the user to choose one of them (or select another set of alternatives if none matches the user’s needs). In this case, it is important to analyze the number of alternatives the operator gives simultaneously (and that the user can manage), during the conversation.

In the observation analysis, only human-human interactions are considered, and they can be extremely different from human-system ones (Doran et al, 2001). Because of this, high level dialogue characteristics can be learned, but specific behaviors when interacting with an automatic system are not detected (e.g., changes in the user speaking rate, and usage of formal vs. colloquial phrases). On the other hand, the observation analysis permits several alternatives to be evaluated without having to actually implement any system. The observation step is not always possible because there is not always a user-operator system with the same characteristics as the automated system we want to design. In these cases, we have to choose between two options. The first one consists of defining a user-operator service and evaluating the dialogue alternative with user tests. The second option is to skip this step and proceed to the design by simulation. In this case, the simulation complexity (step 4) increases because a larger set of alternatives must be evaluated.

6 STEP 4: Design by Simulation
In step four, the specific characteristics of human-system interactions are analyzed by simulating the system with a Wizard of Oz approach. The dialogue alternatives proposed in the previous steps of the methodology are now implemented and evaluated through a simulated system. We must focus on the dialogue flow design, the prompts for obtaining the necessary items, and the information provided by the system to satisfy each goal. We have to pay attention to those aspects where the conclusions derived through intuition mismatch the observation analysis. The Wizard of Oz strategy bases its efficacy on the users’ belief that they are interacting with a fully automatic system. In other case, this tool has not use.

In our evaluation, 15 users called a simulated system, completed six scenarios and filled in a questionnaire. The evaluation measurements came from system annotations (referred to as the System) and from user answers to the questionnaire (referred to as the Questionnaire), where the user provided answers to subjective aspects not easily measured by the system. The user speech was recorded in audio files. The aspects to be evaluated and the evaluating measures are described in the next sections.

6.1 Goal evaluation
The main aspect in the goal evaluation is the goal sequence and the goal coverage. The evaluating measures are:
· System: the number of times a goal is required by the user, time and number of questions (interactions) needed to satisfy a goal.

· Questionnaire: new goals suggested by the user.

6.2 Item evaluation

In the item evaluation, we should evaluate four aspects:

a) Design of the questions and recognition vocabulary. The measures are:
· System: the number of times the user remains silence (the user does not answer the system question) and the recognition rate for each question (if a first version of the recognizer is already available). These measures provide information on the question/prompt intelligibility and its suitability within the dialogue flow. 

All the user speech is recorded in audio files. The analysis of these files provides information on how the user interprets the system prompts and helps us to define the first version of the recognition vocabularies.

· Questionnaire: how easy is it to specify an item value and how comprehensible are the system questions.

b) Item sequence evaluation.

The method to evaluate different dialogue flows (item question sequences) consists of proposing several sequences of questions and randomly selecting one in each call. In order to compare the different alternatives, we consider the following measures:

· System: when possible, the Sequence Recognition Rate (SRR) computes the product of all independent item recognition rates (if there is a first version of the recognizer available).

Table 4: Sequence Evaluation for Departure and Arrival Cities (item recognition rate and Sequence Recognition Rate).

	Recognition Rates (%)

	Sequence
	1st item 
	2nd item 
	SRR

	Departure-Arrival City
	75.6
	80.0
	60.5

	Arrival-Departure City
	94.3
	60.0
	56.6


Table 4 shows the sequence analysis for the departure and arrival cities. The SRR difference is not significant, but we observed the following effect: when the system asks the Arrival City first, the user assumes that the system knows the Departure City (city where the user is calling from). When the system finally asks for it, the user gets confused. This explains the great difference between the item recognition rates for the Arrival-Departure City sequence. 

As in the goal analysis, the system also must make a note of the time and number of questions (interactions) needed to get all the item values from the user.

· Questionnaire: asking the user for his/her preference.

c) Analysis of different ways to split complex items into simple ones.

This aspect is very similar to that previously described. In this case, the target is to design the best simple item sequence. This process must balance two aspects: the number of simple items (sequence length) and the ease of specifying each simple item (keeping in mind the speech technology available and the complexity of the vocabulary). The measures are similar to those described previously:

· System: number of interactions and time to obtain a complex item, and the Sequence Recognition Rate for the simple items.

· Questionnaire: how easy is it to specify a complex item with the proposed sequence and how familiar the simple items are to the user.

d) Managing the mandatory items when the user does not specify any value for them

We have two alternatives: to parameterize the information by this item (satisfy the goal for all possible item values) or fix a default value and constrain the information provided. The response for this disjunctive depends on the user’s habits, so the solution must come from the human operator experience or from the user’s comments in the questionnaire.

· Questionnaire: we ask the user in the questionnaire whether the information given by the system exceeds his/her expectations (and it is necessary to fix a default value) or whether it is adequate.

6.3 Negotiation

In our case, we have decided to present several travel options at the same time and ask the user to choose one of them. In this solution, we need to evaluate two aspects: the number of options presented at the same time and the information provided for each travel option. Randomly, the system presents the options one by one, two by two, or three by three. For the information provided per option, several patterns are designed and randomly selected for each group of options. The measurements considered for evaluating the different alternatives are:

· System: number of questions and negotiation time.

· Questionnaire: What information helps the user to choose, and what number of options can he/she manage at the same time?

In Table 5, we show the results. Users preferred to manage three options at the same time; there are fewer interactions but the negotiation takes more time. Because of this, in our implementation, we decided to limit the negotiation in a three by three basis but reduce the information provided per option to Train Type, Departure Time and Arrival Time.
Table 5: Negotiation Analysis in the Simulation Step.

	Negotiation analysis (User Questionnaire)

	1 by 1
	2 by 2
	3 by 3 

	21.4%
	21.4%
	57.2%

	Negotiation Criteria

	Train Type
	Depart. Time
	Arrival Time
	Fares
	Trip Duration

	15.6%
	37.5%
	25.0%
	15.6%
	6.2%


For overall dialogue evaluation, we propose the following measures:

· System: average number of interactions, time per call, and recognition rate for all the vocabularies. 

· Questionnaire: users must evaluate on a scale how fast they obtained the information, how easy it was to learn the service, which part they would change, and how they compare the system to other ways of obtaining this service: web, going to the station, etc.

Whenever possible, it is better to use only measures computed by the system because they are objective. The questionnaire cannot be longer than one sheet and should only address issues that cannot be resolved by automatic system annotations, such as subjective evaluations or default values for mandatory items. If we want to include many questions, it is better to design different questionnaires evaluating different aspects in each. Every user should complete only one of the questionnaires proposed. Regarding the scenarios to complete, it is important that the users define their own scenarios for testing a greater diversity of situations. Some scenarios should be imposed when sufficient data are required to evaluate specific situations.

The Wizard of Oz method permits us to analyze different dialogue designs with no fully automatic system implemented. Moreover, the system does not need to confirm the item values, so we can make independent designs for the dialogue flow and for the confirmation mechanisms. On the other hand, the main problem in this step is the difficulty simulating an automated system, especially the reply time. For example, a person (wizard) spends more time in selecting an item value from a list than an automatic speech recognizer (although the recognizer does not always pick the right value). It is necessary to develop tools that help the wizard to simulate the system in a realistic way.

7 STEP 5: Design by Iterative Improvement
In step five, we implement the first version of a fully automated system in an iterative modify-and-test process. With design by simulation (section 6), a first version of the dialogue flow was defined, and now it is necessary to design the confirmation mechanisms. These mechanisms have a relevant influence on the general performance of the system. Good confirmation mechanisms can avoid asking the user questions to validate the recognized words, thus making the dialogue faster. These mechanisms take into account the recognition confidence: an analysis of confidence measures is required. On the other hand, when the system does not confirm some words because they have high recognition confidence, this assumption can fail. Because of this, fast error recovery techniques are required. In this step, we propose different error recovery techniques and describe a user-modeling approach for our railway information system.

7.1 Confirmation Mechanisms

To design the confirmation mechanisms in spoken dialogue systems, it is necessary to describe the confirmation strategies available, obtain confidence measures from the recognition module, and define a relationship between confidence values and confirmation strategies (Sturm, 1999).

7.1.1 Confirmation Strategies

Confirmations strategies vary in terms of:

1. the number of items to confirm:

· One item . ("Did you say Madrid?")

· Several items. ("Do you want to go from Madrid to Sevilla?")

2. the possibility to correct (Lavelle, 1999):

· Explicit confirmation: the system confirms one or several item values through a direct question. ("I understood you wanted to depart from Madrid. Is that correct?")

· Implicit confirmation: the system does not explicitly permit the user a correction; it only reports the recognition result. ("You want to leave from Madrid. Where are you going to?")

· Semi-implicit confirmation: this is similar to implicit confirmation, but the user can correct ("You want to leave from Madrid. In case of error, say correct, otherwise, indicate your destination city"). This confirmation allows error recovery (Lavelle, 1999), but it is not very friendly for the user. In Section 7.1.6, we describe the CORRECT command that permits the same functionality without increasing the prompt.

· No confirmation: the system does not provide feedback on the recognized value (e.g., in yes/no questions).

· Item value rejection and repeat question: when the confidence is low, the system does not present the value to the user and repeats the question ("Sorry, I could not understand. Where are you departing from?").

7.1.2 Confidence Measures in Speech Recognition

Confidence measures in speech recognition are very useful for designing the confirmations (Sturm, 1999). The recognition module used in our system is a large vocabulary telephone speech recognizer that can recognize isolated words and simple expressions such as "On Monday", "Next week" or "In the morning". The recognizer (Macías, 2000a) is based on a hypothesis-verification approach. The best features for confidence annotation are concerned with the verification step and are based on Macías et al. (2000b):

· First Candidate Score: acoustic score of the best verification candidate.

· Candidate Score Difference: difference in acoustic score between the 1st and 2nd verification candidates. 
· Candidate Score Mean and Variance: average score and variance on the ten best candidate names.

· Score Ratio: difference between the score of the phone sequence (hypothesis stage) and the score of the best candidate word (verification stage).

All the features are divided by the number of speech frames throughout the utterance. We have considered a Multi-Layer Perceptron (MLP) to combine the features in order to obtain a single confidence value. In this case, we use the features directly as inputs to the MLP. With this solution, preprocessing is required to limit the dynamic range of each measure to the (0,1) interval. Here, the normalization scales the features using the minimum and maximum values obtained for each measurement in the training set. The hidden layer contains ten units, and one output node was used to model the word confidence. During weight estimation, a target value of 1 is assigned when the decoder correctly recognizes the name, and a value of 0 signifies incorrect recognition. The database used in the confidence experiments is built with the results obtained in the recognizer evaluation for a 1,100 name dictionary. In this case, we have 2,204 examples, considering 1,450 for training the MLP, 370 as the evaluation set and 370 for testing. We have repeated the experiments six times providing a 6-Round Robin training to verify the results. In this paper we present the average results of these experiments. A 39.1% of wrong words are detected at a 5% false rejection rate (Figure 7), thus reducing the minimum classification error from 15.8% (recognition error rate) to 14.0%.
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Figure 7. Correct rejection vs. false rejection.

7.1.3 Confirmation Mechanism Design

To design the confirmation mechanism, it is necessary to plot the correct word and error distributions as a function of the confidence value. For several years, there has been interest in defining a mathematical model for confirmation mechanisms (Niimi and Kobayashi, 1995; Niimi and Kobayashi, 1997). These models become more complex as the confirmation sub-dialogue complexity increases, making them computationally expensive and useless in design.

In this section, we propose an approximation that makes the design process easier. As shown in Figure 8, we plot the correct word and error distributions, and we define different thresholds for splitting the plot into several confidence areas.
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Figure 8. Error and correct word distributions vs. confidence.

We define 4 levels (3 thresholds) of confidence (Figure 8):

1. Very High Confidence: the number of correctly recognized words is much higher than the number of errors. For example, the percentage of correctly recognized words is more than 95% of the recognitions (the percentage of errors is less than 5%).

2. High Confidence: the number of correctly recognized words is higher than the number of errors: the percentage of correctly recognized words varies between 70% and 95% (the percentage of errors varies between 30% and 5%).

3. Low Confidence: both distributions are similar. The system is not sure about the correctness of the recognized word. In this case, the percentage of correctly recognized words varies between 50% and 70% (the percentage of errors varies between 50% and 30%).

4. Very Low Confidence: in this case, there are more errors than correctly recognized words, so we reject the recognized word and the system must ask again. The percentage of correctly recognized words is lower than the percentage of errors.

For the departure and arrival city steps, we define CL(D) and CL(A) as departure/arrival city Confidence Levels (CL). Depending on the CL, we implement the following confirmation strategies:

· CL(D)=1 and CL(A)=1: implicit confirmation of both items. "You want to travel from Madrid to Sevilla, when do you want to leave?"

· CL(D)=2 or CL(A)=2: explicit confirmation of both items. "Do you want to travel from Madrid to Sevilla?"

· CL(D)=3 or CL(A)=3: explicit confirmation of each item. "Do you want to depart from Madrid?"

· CL(D)=4 or CL(A)=4: rejection of each item. "Sorry, I do not understand. Where are you departing from?"

Under difficult conditions (due to noise, the use of out-of-vocabulary words, a novice user, etc.), the system asks the user to spell the city name (San-Segundo, 2002). In this design, we have not considered the semi-implicit confirmation because it is not very user friendly. In Section 7.2.1, we describe the correction command that permits the same functionality without increasing the length of the prompt.

7.1.4 Confirmation Sentences Design

Another important aspect in confirmation design is the set of sentences used for prompting. With careful sentence design, it is possible to implement different confirmation strategies by reusing a high percentage of sentences. Below are recommendations on sentence design.

a) Implicit confirmation: in this kind of confirmation, the sentences typically consist of two parts: the system presents the value of the item and then, queries the new item (e.g., "You want to travel from Madrid to Sevilla, When do you want to leave?"). This structure permits an independent design to be developed for confirmation sentences as well as item questions. When there is a semantic relationship between the item to be confirmed and next item, we can join both sentences together, thus creating just one. For example: 

S: "Which month do you want to leave?"

U: "July"

S: "Which day of July do you want to leave?"

Joining sentences does not permit independent design, but it produces a shorter dialogue.

b) Semi-implicit confirmation: the structure is made up of three parts: the item presentation, the command for correction and the prompt for next item. The sentence is usually very long and unfriendly.

c) Explicit confirmation: the structure consists of one sentence in which the system asks explicitly whether the recognized item value is correct or not ("Do you want to leave on July the 18th?"). This sentence can be divided in two; the first one presents the item value, and the second one asks about the correctness of the value ("You want to leave on July 18th. Is that correct?"). In this case, as for implicit confirmations, independent analysis is possible.

In order to make the system user friendly, the confirmation sentence must be designed based on the user answer. If he/she says "this Monday" to specify the departure date, it is better to use the sentence "Do you want to leave this Monday?" instead of "Do you want to leave on February 19th?" to confirm it.
7.1.5 Confirmation Mechanism Evaluation

For iterative improvement, it is necessary to evaluate the confirmation mechanisms in order to adjust them. The proposed measurements are:

· For Implicit confirmation: the recognition rate for each item by comparing the recorded audio files and the word that was recognized as the 1st candidate.
· For Semi-implicit confirmation: number of times the user wants to correct. If this number is high, we should change to explicit confirmation; otherwise, we should use an implicit confirmation strategy.

· For Explicit confirmation: number of times the user denies the system proposal. If this number is low we should consider relaxing the confirmation strategy to an implicit one.

For all confirmations, we can compute the number of questions, the time needed to confirm the item values and the number of times the user rejects the system proposal. To analyze the impact of the confirmation mechanisms on the dialogue speed, the system can compute the percentage of implicit vs. explicit confirmations. The dialogue is faster when the percentage of implicit confirmations is higher. In the analysis of field experiments, we present the final results for the confirmation evaluation (Table 6). In this analysis, we have not included yes/no questions (they are not confirmed because of the high accuracy) nor the rejected answers. When an implicit confirmation is corrected by the user (less than 10% of the time), we have considered it as an explicit confirmation because the cost in time is similar to that of an explicit confirmation.

7.2 General Functionality

Any spoken dialogue system must provide general functionality that permits the user to modify the interaction. These capabilities fit the interaction to the expectations of the user, thus increasing the call success rate.

7.2.1 Error Recovery Mechanisms

When an automated system uses implicit confirmations, it is necessary to define mechanisms to permit the user to recover from system errors. Two commands are available in this process:

START OVER: this command permits the user to start from scratch. Instead of resetting all items, our system begins by confirming groups of items explicitly (dialogue steps). When one group is not confirmed, the system starts from that point:

S:   "The selected option is an Intercity train... "

U:  "start over"

S: "Let us try again. Do you want to go from Madrid to Barcelona?"

U:  "yes"

S:   "Do you want to travel on 19th of July?"

U:  "No"

S:   "Do you want to leave this week, next week or later?"

CORRECT: When the system makes a mistake and takes a wrong item value as right (in an implicit confirmation), the user can correct the system by saying this command at any point of the dialogue. In this case, the system asks again the last item introduced. For example:

S:   "On which month do you want to leave?"

U:  "May, please"

S:   "Which day of March?" 

U:  "Correct"

S:   "On which month do you want to leave?"

U:  "May"

7.2.2 General Mechanisms

Other general mechanisms consist of the use of the following commands:

· HELP: At any point in the dialogue the user should be able to ask for information. In this case, the system must provide context information depending on the dialogue point. This help should include a comment on the possible problems detected by the speech system (e.g., noise, speaking far from the phone set and speaking lower), and the user response characteristics that the system expects. For the second aspect, it is very useful to include an example (e.g., “the system needs you to specify a departure day, for example ‘today’”). 

· REPEAT: In Spoken Dialogue Systems over the telephone, the user can lose his/her attention to the system for several reasons (because of an interruption, for example). In these cases, the user gets confused and he/she does not know how to continue, thus terminating the interaction. Because of this, it is necessary to include the repeat option, permitting the user to ask for repetition when he/she has missed part of the information.

· STOP AND HOLD: When the interruption takes several seconds, the repeat function is not enough. In this case, the user needs to stop the interaction and hold it at a specific dialogue point. With this possibility, the user does not have to finish the interaction and call again later (beginning again from the scratch). When the user wants to continue, he/she has to pronounce a specific command for ‘waking up’ the system.

When designing the commands/expressions for activating this function, some aspects must be kept in mind:

· The selected commands/expressions must be phonetically different from the words contained in the recognition vocabularies, but they must be very user friendly.

· The sentence used to report on the recognition of one of these commands, has to be carefully designed. It has to permit a smooth transition in the dialogue.

· It is necessary to specify the dialogue points where the system should inform the user on these possibilities: e.g., in the initial help and in the help provided when the system detects problems in the interaction.

· When one of these commands is recognized, the confirmation strategies have to be more pessimistic about the confidence. One recognition error in these commands, can produce important delays in the interaction.

· BARGE IN: this function permits the user to interrupt the system prompts, making the dialogue faster. When the user knows the item the system is prompting, he/she can interrupt it providing the item value required. In this case, the system stops prompting and starts recognizing the user answer.

7.3 User-Modeling

The user modeling technique applied is based on using four user skill levels (Veldhuijzen van Zanten, 1999). Depending on the current level, the prompt sentences are clearer (they contain more information on how the user should answer, the allowed values, etc.) or the system provides more or less information per time unit. The current skill level changes throughout the dialogue, depending on the positive and negative events occurring during the interaction (Hirschberg et al., 2001).

The user-modeling technique proposed in this paper needs to define three points: the modifiable aspects of the dialogue, the positive and negative events associated with each modifiable aspect (user skill indicators), and the event combination for defining the level change criteria.

7.3.1 Modifiable dialogue aspects

These aspects are changeable when the system modifies the current skill level. In this section, we describe some aspects but it does not mean that all of them should be considered as modifiable in all systems:

· System prompts: depending on the user’s skill, the prompt could be brief (expert user) or should include a complete help assistant on how to interact with automatic systems (new or inexperienced user). The prompt adaptation is very important to guarantee that the user response is included in the system capabilities (Jokinen et al, 2001). In this aspect, we have defined 4 skill levels:

· 1st level. The prompt explains how to interact with the system, the asked item, the possible accepted values and how to specify one of the them (e.g., for the period of the day: "Please speak after the tone. Say the period of the day you want to travel in, in the morning, in the afternoon or in the evening.").

· 2nd level. The prompt includes the item needed, the accepted values for it and the way to specify them. ("Say the period of the day you want to travel in, in the morning, in the afternoon or in the evening.")

· 3rd level. Only the required item is included in the prompt. ("Say the period of the day you want to travel in.")

· 4th level. The user knows everything (the accepted values and the way to specify one of them), and we can relax the question ("When do you want to leave?").

· System Help: similar to the above comment the help should also depend on the user’s skill. Related to this aspect, we have considered three different levels:
· 1st level. The help provides information on the general causes of recognition errors in spoken dialogue systems (e.g., noise, lower speech), the main limitations of the service provided by the system (e.g., the system does not provide information about bargains), and how to answer the system questions (e.g., providing an example).
· 2nd level. In this level, the system eliminates the information on the general causes of error and keeps the service limitations and the information on how to answer.
· 3rd level. In the third level, the system explains only how to answer the system questions.
Gorrel (2002) proposes a complex model for designing different help levels.

· Confirmation mechanisms: when the users present a high degree of skill during the interaction (the user knows the system’s limitations and the error recovery strategies), the system could make more risky confirmations in order to increase the dialogue speed. On the other hand, when the user does not know how to interact with the system very well, the confirmation mechanisms should be more conservative. The system could modify the confirmation mechanisms, defining different confirmation strategies for the same confidence areas or changing the thresholds that define them (Figure 8).

Defining different confirmation mechanisms for the skill levels requires the correct word and error distributions in each level to be represented (as a function of the confidence value). This representation can be obtained from test user evaluations or can be estimated during the real service. Once the correct word and error distributions have been calculated, the confirmation mechanisms can be designed automatically by considering the ideas shown in subsection 7.1.3.

· Subdialogue design: the sub-dialogues can have a different number of interactions depending on the questions designed for item prompting. With advanced users, it is possible to ask several items in the same question, thus reducing the sub-dialogue length.

7.3.2 User skill indicators

These indicators are defined as dialogue events that provide a hint about the user skill in the interaction with the system. These events can be negative (lack of skill) or positive (high level of skill). Several examples of these indicators are outlined below:

· Positive skill indicators:

· The number of times the user confirms the system proposal.

· The number of times the user is able to correct a system error.

· A high percentage of implicit confirmations.
· Negative skill indicators:

· The number of times the user does not confirm the system proposal.

· The number of times the user cannot correct a system error.

· A high percentage of explicit confirmations.

· The number of times the user does not respond (remains silence).

· The number of times the user starts from scratch or asks for repetition.

7.3.3 Events combination for changing level decision

Finally, we need to associate each modifiable aspect with several positive and negative events. For example, we can associate the system prompts with negative events like the number of times the user keeps in silent or does not confirm the system proposal, and positive events like user confirmations and corrections. Secondly, we combine all the events (positive and negative separately) in order to obtain a single positive and negative measurement. In this proposal, we present a simple method based on a linear combination (equations 1 and 2):
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Once single measurements are defined, we should establish the criteria for changing the skill level depending on the evolution of these measurements. When the positive or negative measurement reaches an accumulative value (threshold), the system increases or decreases the level, respectively. The thresholds can depend on the current skill level. The thresholds and the combination weights can be defined by the designer or learned from dialogue transcriptions. Positive and negative measurements are accumulative values but when several negative events occur sequentially, making the negative measurement reaches a threshold, the skill level changes and both measurements are reset. Same for positive events.

In our system, we have considered only the prompts as a modifiable aspect of the dialogue. For the calculation of the positive and negative measurements, we have considered all the weights equal to 1. In our case, the positive and negative measurements are simply the sum of positive and negative events that have occurred sequentially. The evolution of the skill level is represented in Figure 9. The system starts at the 2nd level (after providing a general explanation of how to interact with the system). When several negative (or positive) events occur, the system decreases (or increases) the level, adapting the interaction dynamically to the user’s skill (e.g., asking more explicit questions when recognition errors occur). The number of positive or negative events that forces a change depends on the current level.
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Figure 9. Diagram of transitions between levels in the user-modeling technique.

Below is an example of a dialogue dynamically modified based on the user’s perceived skill level:

[The system is set at level 3]

S: "Say the period of the day you want to travel in."

U:  "After lunch"

[The system recognizes "in the evening"]

S:   "Did you say in the evening?"

U:  "No"

[The system decreases the level from 3 to 2]

S:  "Say the period of the day you want to travel in; in the morning, in the afternoon or in the evening."

U:  "In the afternoon"

In this example, we can see how a more complete prompt sentence helps the user to provide one of the expected inputs.

When the user creates several scenarios in the same call, the system could start the new scenario one level higher than the level at the end of the previous one. This is possible because when the user has completed an scenario it means that the user has answered the system questions once successfully. For simplicity, we have not made the confirmation strategies depend on the user’s degree of ability but it would be possible to update the confirmation mechanism at each level. Considering this user-modeling technique, one interesting measure for evaluating the adaptability of the system is the average and variance of the skill level during the whole dialogue (see Table 6). Higher variance reveals a greater adaptability and flexibility of the user-modeling technique.
8 Evaluation of the system

In this evaluation, 105 users called the system to complete four scenarios. There were two types of user: 50 people from the university (students, staff and professors) and 55 users were employers of the Spanish Railway Company, RENFE. The system received a total of 335 calls (not all the users completed all the scenarios). In the information provided to the user, we suggested four scenarios but we also invited the users to include new different scenarios. At the end of the call, each user completed in a questionnaire. 19.5% of the calls asked information concerning the two legs in a round-trip, and 21.3% of the calls completed the reservation for single or round-trips. In 25.1% of the calls, the user hung up before finishing the interaction, so 74.9% of the calls were successful. The evaluation measurements obtained during the test came from the system annotations (Table 6) and from user answers to the questionnaire (Table 7). In these tables, we represent the global average measurements (Global), the university people average (University) and the RENFE employers average (Employers).

Table 6. Measurements Calculated by the System.

	Measure
	Global
	University
	Employers

	Call duration (seconds)
	195
	205
	185

	Number of questions per call
	18.8
	19.4
	18.3

	Average skill level (user-model)
	1.88
	1.90
	1.86

	Skill level variance (user-model)
	0.32
	0.34
	0.30

	% of implicit confirmations
	71.0
	74.0
	68.0

	% of explicit confirmations
	29.0
	26.0
	32.0

	Number of START OVER commands per call
	0.08
	0.14
	0.02

	Number of CORRECT commands per call
	0.43
	0.64
	0.23

	Duration of Negotiation (seconds)
	58
	57
	59

	Number of REPEAT commands in the negotiation per call
	0.18
	0.16
	0.20


As we can see, the average call duration is 195 seconds, greater than that of the operator-based service (152 seconds), but similar to other automated services (Baggia, 2000). The train options negotiation takes around one minute (58 seconds). Regarding the recognition rates, we achieved more than 95% for small vocabularies (less than 50 words/expressions: weekdays, period of the day, etc.). For departure and arrival cities (770-word vocabulary), we obtained an 87.2% recognition rate for in-vocabulary cities and non-rejected answers. 25% of the incorrect cases were solved with the second candidate and 36% with the spelled-name recognizer. For the remaining cases, more interactions were necessary. In these experiments, we got 3.4% out-of-vocabulary cities, detecting 32% of the cases with the spelled-name recognizer. For the remaining 68% of the cases, the user hung up after several trials.

Because of the high recognition rate and the confidence measurements, the percentage of implicit confirmation was relevant (71.0%). These confirmations made the dialogue faster. In this analysis, we have not included the yes/no questions (they are not confirmed because of their high degree of accuracy) or the rejected answers. When an implicit confirmation is corrected by the user (less than 10% of the time), we have considered it as an explicit confirmation because the cost in time is similar to that of an explicit confirmation.

Table 7. Measurements (out of 5) Obtained from the Questionnaire.
	Measure
	Global
	University
	Employers

	User experience in this kind of system.
	2.8
	2.9
	2.7

	The system understands what I say.
	3.1
	3.8
	2.3

	The system responses are clear and concise.
	3.4
	4.3
	2.5

	I understand what the system says.
	3.5
	4.5
	2.5

	I get railway information fast.
	2.9
	3.6
	2.2

	The system is easy to use.
	3.5
	4.2
	2.8

	The system helps me during the interaction.
	3.1
	3.9
	2.2

	The system is easy to learn.
	3.7
	4.3
	3.1

	In case of error the correction was easy.
	2.9
	3.5
	2.2

	The system asks me in a logical order.
	3.6
	4.3
	2.8

	Generally, it is a good system.
	3.0
	3.9
	2.1


In Table 7, we present the results obtained from the questionnaire. The users evaluated several subjective aspects on a 5-point scale. The average user experience in this kind of system was 2.8 (evaluated on a 5-point scale: very low, low, medium, high, very high). This data reveals that user experience with spoken dialogue systems is not very high. Generally, most of the aspects obtained a score higher than three (the average value in a 5-level scale: fully disagree, disagree, neutral, agree, fully agree). The worst aspects were those related to the flexibility of the system: error correction and system agility. The dialogue point with the most problems was the departure date specification, because we used isolated speech recognition, and several interactions were required to get a date. The system intelligibility obtained a score of 3.5 (out of 5) due to the use of our restricted-domain female-voice synthesis (Montero, 2000). The dialogue flow obtained the best score (3.6) because of the detailed analysis carried out. This fact makes the system very easy to learn (3.7). At the end of the questionnaire, we asked the users for theirs preference when obtaining train information. 35.2% of the people preferred the system, 35.2% preferred web access and 25.7% preferred to go to the ticket office (3.9% insisted on human operators, although it was not a valid option).

Considering each type of user separately, the behavior has been quite different: the users from the university were more patient with the system, obtaining a good percentage of successful calls (92.7%), although the average call time increased to 205 seconds. They gave the system a 3.9 score in a 5-point scale. The RENFE employers obtained lower percentage of successful calls (57.8%) and lower average call duration (185 seconds). The RENFE employers were more critical of the system, they averaged a 2.1 score on a 5-point scale even though the system solved more than half of the calls within an average call duration of three minutes. The reason of this difference is that part of the RENFE employers work providing train information so they perceive the system as a threat for their employments. In a real case, the users will not be as critical as the RENFE employers but also not as comprehensive with the new technology as people from the university.

9 Conclusion

In this work, we propose a new methodology for designing dialogue managers in automatic telephone-based spoken services. This methodology has been applied successfully to a train information system in Spanish. A combination of several sources of information is proposed: intuition, observation and simulation for defining and evaluating several dialogue strategies and choosing the best one.

The first steps are a database analysis (E-R diagram) and design by intuition, where "brain-storming" on the E-R is carried out for proposing different dialogue alternatives and for defining an evaluation table. In design by observation, we evaluate each proposal using user-operator dialogue transcriptions, without having any system implemented. The limitation to the observation step is that human-human interactions are different from human-system ones. This problem is solved by the Wizard of Oz tool, which simulates the human-system interaction. In the simulation step, we analyze the Wizard of Oz tool and we propose several evaluation measures for all the aspects related to dialogue design. In design by iterative improvement, we describe an approach to incorporate recognition confidence measurements in the definition and management of the confirmation mechanisms. For all vocabularies, this approach facilitated a recognition rate higher than 87%. Two mechanisms for error recover are described: Start-Over and Correct. Finally, a user-modeling technique is described and incorporated into the system for adapting the system dynamically to the user’s ability. At any step in the methodology, new dialogue characteristics can appear, making it necessary to re-define and re-evaluate some aspects of the previous steps, partly repeating the process. Because of this, the methodology must be interpreted as a 5-step iterative process instead of a rigid sequential one.

In this methodology, the observation step is not always possible because most of the times there is not a user-operator system with the same characteristics. In this case, we can skip it and pass to the design by simulation, where we must evaluate the dialogue alternatives.

With this proposed methodology, we have implemented a fully automated system with good user acceptability. In the evaluation, 74.9% of the calls were successful and the average duration for all calls (successful and non-successful) was 195 seconds, similar to Baggia, (2000). The users validated the applicability and usability of the system, giving a general score of 3.0 (out of 5).

In this paper, we also provide a review of the dialogue models considered in the international community, plus an analysis of the evaluation problem in spoken language systems.
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		2		3		8		13		18		40		38		39		53		54		44		53		66		54		40		45		31		33		36		28

		aciertos

		0		0		3		7		11		15		25		33		40		57		77		83		93		118		118		186		191		242		473		1936

		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936		1936

		aciertos normalizados

		0		0		0.0015495868		0.0036157025		0.0056818182		0.0077479339		0.0129132231		0.0170454545		0.020661157		0.0294421488		0.0397727273		0.0428719008		0.0480371901		0.0609504132		0.0609504132		0.0960743802		0.0986570248		0.125		0.2443181818		1

		rechazos

		66		66		66		66		66		66		66		66		66		66		66		66		66		66		66		66		66		66		66		66

		2		3		8		13		18		40		38		39		53		54		44		53		66		54		40		45		31		33		36		28

		rechazos normalizados

		0.0303030303		0.0454545455		0.1212121212		0.196969697		0.2727272727		0.6060606061		0.5757575758		0.5909090909		0.803030303		0.8181818182		0.6666666667		0.803030303		1		0.8181818182		0.6060606061		0.6818181818		0.4696969697		0.5		0.5454545455		0.4242424242

		0.05		0.1		0.15		0.2		0.25		0.3		0.35		0.4		0.45		0.5		0.55		0.6		0.65		0.7		0.75		0.8		0.85		0.9		0.95		1






