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Abstract: Natural language requests involving vague spatial concepts are not 
easily communicated to a GIS because the meaning of spatial concepts depends 
largely on the contexts (such as task, spatial contexts, and user�s personal 
background) that may or may not be available or specified in the system.  To 
address such problems, we developed a collaborative dialogue approach that 
enables the system and the user to construct shared knowledge about relevant 
contexts. The system is able to anticipate what contextual knowledge must be 
shared, and to form a plan to exchange contextual information based on the 
system�s belief on who knows what. To account those user contexts that are not 
easily communicated by language, direct feedback approach is used to refine 
the system�s belief so that the intended meaning is properly grounded.  The 
approach is implemented as a dialogue agent, GeoDialogue, and is illustrated 
through an example dialogue involving the communication of the vague spatial 
concept near. 

1 Introduction 

Current geographical information systems (GIS) do not support human work 
effectively because users must interact with geographical data through formally 
defined textual or graphical query languages using keyboards and mouse.  Recent 
research has paid more attention to human communication modalities as potential 
alternative modes of human-computer interactions, because it is relatively effortless 
for people to express their information needs in this way.  One component in this line 
of research has been the use of natural language for submitting request to GIS[1-5]. 
These works have emphasized the scale-dependent and imprecise nature of natural 
language in describing spatial relations.  However, actual implementations of natural 
language interfaces for GIS have been very limited (for examples see [4, 6] [7] [8] 
[9].  To overcome the difficulties of natural language for expressing metric details of 
spatial relations[10], many authors have explored the possibility of using gestures as 
more intuitive styles for interacting with spatial data.  For example, pen-based 
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gestures were used in spatial query-by-sketch [11] and QuickSet[12].  Free hand 
gestures were featured in GIS Wallboard[13], iMap[14-16], and DAVE_G[17].  

The main challenge for using human modalities (speech and gesture in particular) 
to interact with computers is that human communication are highly contextualized by 
the shared knowledge of the participants. Such contextual knowledge are often not 
available or properly captured in computer systems, which is the reason that spoken 
language requests to computer systems often appear to be incomplete, ambiguous, or 
vague.  In this paper, we address the challenge of communicating spatial information 
requests that involve vague spatial concepts during human-GIS interaction.  In 
particular, we focus on the concept of �near�, which is as a classic example of such 
concepts[3, 18].   

Communicating spatial concepts to a computer system in natural language is 
especially challenging for a number of reasons.  First, geographic concepts do not 
have unique and precise mapping to quantitative representation of space[10, 19-21].  
Second, human uses of spatial language are qualitative and ambiguous, allowing 
meaning to vary with the contexts of use.  In contrast, computer representations of 
spatial concepts are quantitative and precise[10], leaving no room to adapt to user�s 
conception of spatial concepts.  Currently, formal computational models exist that 
allow GIS to form a quantitative representation of spatial concepts communicated 
through natural language. Examples of such computational models include those for 
distance relations[18, 22], directional relations[23, 24], and topological relations[10, 
25-28]. These models, which mostly follow Rosch�s prototypical categorization 
theory of human cognition[29, 30], have serious limitations when used in human-GIS 
interaction.  Human-GIS interactions have to deal with both the inherent uncertainties 
and context-varying nature of spatial concepts. Formal models of spatial concepts are 
useful in capturing the inherent uncertainty of spatial objects and spatial relations, but 
do not have the properties of human-human communication with contextualized 
interpretation and negotiation.  Even formal models of common sense geography [31] 
in natural language do not have the necessary formalisms and parameters to 
incorporate contextual information that are crucial for communicating spatial 
concepts in human-GIS interaction. 

Human-GIS interactions are usually situated in a complex set of contexts including 
the geographic site and situation, the task or problem being addressed, and the 
background (knowledge, experiences, and preferences) of the individual users. The 
spatial concepts communicated need to be interpreted within such relevant contexts[3, 
19, 21, 32-37]. However, computer systems usually ignore the contexts when 
translating linguistic reference of spatial concepts into formal representations of 
meanings.  This constitutes a reason for the system to misinterpret the user�s request 
and to cause breakdowns in human-GIS interaction[19]. 

The collaborative dialogue approach, as proposed in this paper, follows the 
principles of human-human communication in dealing with vague spatial concepts.   
Human-human conversation is grounded in a significant amount of knowledge (or 
context) shared among participants, which allows the hearer to disambiguate vague 
concepts.  However, adequate sharing of relevant context may not always be 
established before a vague concept is communicated, causing difficulties for the 
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hearer to construct an unambiguous mental model of that concept that matches the 
meaning intended by the speaker.  In such situations, it is common that human will 
engage in dialogues that to acquire the meaning of the concept involved[22].  
Dialogues as a general human communication strategies serve a diverse functions in 
communicating and sharing knowledge as well as coordinating actions.  For the 
particular situations of communicating vague spatial concepts, dialogues make two 
kinds of collaboration possible: (1) soliciting and sharing additional contextual 
information, and (2) seeking feedback and confirmation. Applying such principles to 
human-GIS interactions, the collaborative dialogue approach addresses a number of 
computational issues, such as how to represent the belief states of context sharing 
between the user and the system, how to relate newly communicated knowledge with 
what has been shared so far, and how to build system intelligence for generating 
dialogues consistent with the goals of advancing context sharing.   It is also about 
dialogue strategies for grounding linguistic message in a shared meaning reliably 
through confirmation and visual feedback. The user and the system is brought into 
collaboration[38], and follows the metal state view of human-human communication 
and collaborative planning[39, 40].  No other existing natural language based GIS [4, 
17, 41, 42] have the abilities to initiate this kind of dialogue.  

In order to test the feasibility of our collaborative dialogue approach, we 
implemented a prototype system, GeoDialogue, which is a conversational agent that 
is able to engage in collaborative dialogue with the user. When a vague spatial 
concept is detected in a dialogue, GeoDialogue is able to invoke proper schemas 
(stored in its knowledge-base) about what contextual information needs to be shared.   
Such schemas are central organizing structures that link contextual knowledge to 
meanings of spatial concepts and guide the planning of communicative actions in 
exchanging contextual knowledge.  As the dialogue proceeds, the user and the system 
will mutually adapt to each other and reconstruct meaning representation that reflects 
the shared contexts about tasks, spatial and geographical environment, and personal 
backgrounds.  A common understanding of a spatial concept is collaboratively 
constructed and visually shared, resulting in a meaning that is neither what the user 
initially perceives nor what the system initially estimates.  Currently, the collaborative 
dialogue approach and the GeoDialogue agent are already integrated as part of the 
core reasoning engine of the Dialogue-Assisted Visual Environment for 
Geoinformation (DAVE_G) [43]which is a generic environment in which the user can 
interact with the GIS through multimodal interactions. 

The rest of the paper is organized as follow. In section 2, we discuss major factors 
affecting human-computer communication of spatial concepts. In section 3 we will 
describe our methodology, which incorporates a collaborative dialogue approach that 
captures, represents and uses the contextual information for understanding to a vague 
spatial concept. The section 4 will introduce implementation of this approach in the 
prototype system, the GeoDialogue agent. In the section 5, a sample dialogue is 
presented to illustrate the collaborative dialogue approach in GeoDialogue. Finally, 
we conclude with discussion on the implications of this development to the future 
natural language interfaces to GIS. 
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2 Factors Affecting the Communication of Spatial Concepts 

Natural language terms may carry spatial concepts that refer to spatial objects or 
spatial relationships. When human communicate a spatial concept to a GIS through 
linguistic terms, there are two types of factors that present problems for a successful 
communication. First, the spatial concept itself may be inherently vague[44, 45]. 
Second, the meaning of a spatial concept may be dependent on a large number of 
contexts within which the concept is used. For human-GIS interactions, major parts of 
such contexts are spatial contexts (including geographical space [46] and 
environmental space[32, 36]), task contexts[10], and personal contexts of the 
individual users. 

2.1 Inherent Uncertainties of Spatial Objects and Spatial Relations 

There are two types of inherent uncertainties in the processing of spatial concepts[44, 
45]. First, a spatial concept may refer to the spatial objects that have indeterminate 
boundaries. For example, mountainous areas are not easily determined because the 
boundary between a �mountainous area� and the surrounding areas is inherently 
uncertain. The second type of uncertainties is the fuzzy nature of spatial relations.  For 
example, the concept �near� has long been considered to be an ill-defined[47]. It 
exhibits classic characteristics of a radial category, and it includes a range from 
exemplars to borderline cases[21, 36]. As an example, consider a request for a map 
showing �hotels near Miami�.  A user may consider hotels within 20 miles to Miami to 
be near, and those beyond 60 miles from Miami as far. However, a hotel that is 40 
miles away from Miami may be considered neither near nor far from Miami. 

2.2. Contextual Factors for Interpreting Spatial Concepts 

Contextual factors about a particular use of a spatial concept refer to the knowledge 
that human uses to constrain the meaning of communication. To reach a common 
understanding of a vague concept, e. g. near, the system and the user need to share 
knowledge about the relevant contexts that affect the understanding of the vague 
concept. Among many potential contextual factors that may affect how people 
understand spatial concepts, we focus here on three of them: task, spatial contexts, 
and background of the user.  

When a user requests a map to be displayed by a GIS, it is often because that the 
user is trying to perform a domain task that has some information needs.  The task 
becomes an important part of the use context for spatial concepts (similar view was 
expressed in[10]). For example, the same request �show me a map near Miami� may 
be made by a person-A who is in a task situation of selecting a grocery store, and by a 
person-B who is planning a vacation for the weekend.  However, person-B is likely to 
expect a map showing a larger geographical area comparing with person-A. 
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There are evidences that the meaning of spatial concepts, such as �near�, is also 
dependent on the spatial context[18, 32, 36]. As detailed by Montello[48], human 
cognition supports multiple and qualitatively different conceptualizations of space. 
Two of these, which he labels environmental space and geographical space, are 
relevant here. Environmental space is the behavioral-scale space of physical entities, 
such as cities and buildings, in the real world. Worboy�s [36, 37] and Fisher [32] 
provided evidences that environmental space affects people�s interpretation of near. 
Geographical space is usually learned via symbolic representations, such as a map. It 
can also affect the understanding of spatial concepts, such as the distance relationship 
of near[18, 22, 46]. Since a map conveys information about geographical space in 
human-GIS interactions, properties of the map, such as the map scale[18, 22], the 
contents, and the distribution of objects in the map, affect people�s perception on the 
relationship of near. 

Individual users may differ in cultural and education background, personal 
experiences and preferences that affect how they form mental models geographical 
phenomena and assign meanings to vague concepts, such that they may perceive the 
same concept differently[36, 37]. In his experiments on the individual differences on 
the meaning of spatial relationships, Robinson [18] demonstrated that there are 
significant semantic variations among individuals even for relatively simple 
geographical datasets.  Even in the same spatial context and task context, different 
individuals are often found to be different in determining whether specific locations 
are near or not. 

3. Methodology 

In this section, a collaborative dialogue approach is proposed as a more effective way 
to facilitate communication of vague spatial concepts in human-GIS interactions. In a 
collaborative dialogue system, the system and the user can construct and negotiate 
(perhaps through multiple exchanges) a shared understanding of the meaning of a 
vague concept by exchanging contextual information. The vague spatial concept near 
is used here to illustrate our approach. 

In our approach, the process of communicating the meaning of vague spatial 
concepts between the system and the user is modeled as a collaborative discourse, 
following the theory of the collaborative discourse developed by Grosz and 
Sidner[49]. The process of communicating vague spatial concepts has all the central 
elements of a typical collaborative discourse: (1) it involves a shared goal among 
participants (which is to achieve common understanding of a vague spatial concept); 
(2) it requires a shared pool of knowledge that is initially distributed among 
participants; and (3) it uses communicative actions as the way to achieve 
collaboration. According to Grosz and Sidner[49], a collaborative discourse has three 
interrelated structures: a linguistic structure, an intentional structure and an attention 
state.  The theory believes that there is always an intention behind any communicated 
messages (utterances), and they functionally contribute to the achievement of larger 
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intentions of the dialogues within which messages are organized.  The key to 
understand collaborative dialogue is to have a proper model for the intentional 
structure of the collaboration.  A computational model, the recipe graph or Rgraph, 
was developed by Lochbaum [40, 50] to represent the intentional structure of a 
collaborative discourse. It is based on the SharedPlan theory[39, 51], which was 
developed to model mental attitudes that a group of agents must hold during a 
collaborative planning process. 

The collaborative discourse theory provides the foundation for modeling any 
extended dialogues in which the participants of the dialogue have a common goal to 
achieve but each of the participants takes on different roles in their collaboration. In 
the collaboration process of a dialogue involving a vague spatial concept, participants 
exchange information about relevant contexts so that part of individual belief and 
knowledge become shared and integrated into a consistent set of knowledge held by 
all the participants.  As a dialogue proceeds, the system uses an Rgraph [40, 50] to 
keep track of the dynamically changing set of knowledge and beliefs communicated 
and shared during a dialogue process. The Rgraph consists of actions and the belief of 
the agents being modeled.  Each node in the Rgraph is a complex data structure which 
records an intended action together with a set of beliefs that the system and the user 
have towards that action.  An action can be either basic (an action that can be 
executed directly) or complex (an action that requires further communication and 
coordination with the user before it can be executed).  For each complex action, the 
system chooses a recipe from the recipe library maintained in its knowledge-base. A 
recipe specifies a way of achieving an action, and it usually includes knowledge pre-
conditions (represented as parameters), subactions, and other constraints necessary 
for executing the recipe.  The belief status of an agent on an action (or a parameter) 
represents the agent�s belief on the status of collaboration on the action (or the 
parameter). An example of an Rgraph is shown in Figure 1. The belief status on 
actions and parameters and their corresponding meanings are described in Table 1. 

, 
 
 
 
 
 
 
 
 
 

Fig. 1 Structure of Rgraph  

With the representation of the dialogue status as an Rgraph, the effect of dialogue 
interactions will be the evolution of the Rgraph from the one that was only partially 
instantiated towards the one that is fully elaborated.  The evolution begins with adding 
an action for achieving the common goal to the Rgraph. This action is the root action 

 Action parameter Status=4 Belief status 

Status=1 

Feature Distance ExecuteBufferCommand 
(Agents: system) 

SeeAreaAroundFeature 
(Agents: agent1: user, agent2: system) 

Status=1 

Status=1
IdentifyFeatureBySpeech 
(Agents: system) Status=4 

Status=4 
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of the Rgraph.  Then the system will understand and respond to the subsequent 
messaged based on the knowledge encoded in the Rgraph.  Four steps of reasoning 
are conducted for each new input from the user: recognizing the intention of the 
utterance, explaining the intention by associating it with the Rgraph, elaborating the 
modified Rgraph by volunteering additional knowledge or performing executable 
parts of the Rgraph, and inferring the goal of generating questions or responses.   If 
necessary, the system will call a GIS component to execute basic actions related to 
GIS commands and generate map responses, such as actions for doing buffering, 
displaying layers, and doing selections. By maintaining an Rgraph representation of a 
collaborative discourse, the system decides the process flow of its collaborative 
behavior (interpretation, elaboration, execution, response, and request,) by reasoning 
based on the Rgraph. 

Table 1 Belief status numbers and their meanings 

Status Meaning on an action Meaning on a parameter 
1 The agent being modeled believes that the 

action has not been done. 
The agent being modeled believes that a 
value for the parameter can be identified from 
the current discourse context 

2 The agent being modeled believes that the 
result of the action is needed to be negotiated 
with the user. 

The agent being modeled believes that the 
value of the parameter needs to be negotiated 
with the user.  

3 The agent being modeled believes that the 
action fails. 

The agent being modeled believes that 
instantiation of the parameter fails. 

4 The agent being modeled believes that the 
action was successfully executed. 

The agent being modeled believes that 
instantiation of the parameter succeeds. 

Now we describe how the collaborative dialogue approach works for human-GIS 
communication on the meaning of spatial concepts. At the start of the process for 
communicating a vague spatial concept, the user and the system share the common 
goal that the system needs to show a map result matching the user�s request, that is, 
the system needs to have a common understanding to the vague spatial concept with 
the user. However, there may be different initial sets of contextual knowledge and 
individual beliefs about the spatial concept that were available to the system and the 
user. The user is usually more knowledgeable about specifying the task and has a set 
of personal background towards the perception of spatial concepts that may not be 
available to the system. On the other hand, the system generally has more detailed 
knowledge on the environmental and geographical context due to its storage of spatial 
data, which may not be available in the memory of the human user. As the dialogue 
proceeds, both sides seek to maximize the shared knowledge by keeping track of what 
knowledge are already shared and what are to be further communicated. As each side 
shares more contextual knowledge with the other, they modify their beliefs on the 
correct understanding to the spatial concept, until finally they come to a common 
understanding to it. 

As discussed in section 2, a successful communication of a spatial concept 
between a system and a user requires the sharing of three categories of contextual 
information.  In our collaborative dialogue approach, each property of the contextual 
information is represented as an optional parameter of a recipe that represents a 



      Guoray Cai et al 

context-sensitive model of the spatial concept.  For example, when the system 
receives a request (from a user) for a map near a place, it immediately realizes that an 
action SeeAreaNearFeature is to be planned.  Suppose that the system adopts a 
�buffer zone� model of near, then a recipe as in figure 4 will be activated.  Since the 
system understands that identifying the parameter Distance is a pre-condition for 
executing the action SeeAreaNearFeature, the system will search for a recipe to 
identify this parameter.  Suppose that the system knows two strategies to acquire this 
parameter: (1) by making an arbitrary guess and ask the user to correct it though 
visual interaction (this is labeled as the �direct approach�), or (2) by pursuing sharing 
of contextual knowledge (this is labeled as the �indirect approach�). The system may 
choose to pursue either approach at any given time of the interaction, depending on 
the system�s belief on which one is more effective. Suppose that the second (indirect 
approach) is applied initially.  A recipe IndentifyDistanceFromContext  (see the lower 
part of Figure 5) is instantiated, which includes parameters representing contextual 
knowledge such as map scale, the goal of the task, the vehicle (if any) that the user 
will use in the task, and the user�s personal preferences on the near relationship. 
These parameters are optional to execute IndentifyDistanceFromNear. When a 
contextual parameter, such as task, is missing, the system realizes that there are 
opportunities to improve the system�s understanding of near if such contextual 
information can be provided by the user.  Hence, the system will initiate a 
subdialogue to request it from the user.  If the user responded with the requested 
information, the system will re-estimate a buffer distance and generate a map showing 
a revised understanding of near.  Since not all the contextual factors have equal 
influence on the model of near, our algorithm uses task knowledge as the primary 
determinant, and others factors (such as spatial contexts and personal preferences) as 
subsequent modifiers.  

4 Implementation of the Approach 

We implemented the collaborative dialogue approach as part of a research prototype, 
GeoDialogue, a natural language human-GIS dialogue manager. The architecture of 
GeoDialogue is shown in Fig. 2. It includes modules for Syntactic Parsing, Semantic 
Interpretation, Dialogue Control, Query formation and Map generation, and Response 
control. The Dialogue control module is the central intelligence module that maintains 
dynamic knowledge and dialogue context, we well as performing automated 
reasoning on collaborative plans.  All modules have access to a Static Knowledge 
Base (Static KB) which provides knowledge about language structure (grammar and 
terms), task advancement, and information content of GIS databases.  

The dialogue usually begins with a request from the user to the system. The user�s 
natural language request is first analyzed by the Syntactic Parsing module so that 
words are grouped into meaningful phrases.  The parsing result is sent to the Semantic 
Interpretation module to extract intended actions and associated parameters and 
constraints.  If sufficient information has been accumulated for the system to issue a 
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well-formed GIS request, then the job is continued by the Query Formation & Map 
Generation module, which translate active request into a GIS query and coordinate the 
execution of this query through a standard GIS query interface.  In our current 
implementation, an ArcIMS service is used as the GIS component. 

 

 
The Response Control module assembles response messages and coordinates the 

presentation of response to the user.  A response message may include several 
components, such as a map generated by a GIS, summary status, reports of problems, 
and requests for further information, or clarification questions.  To make the response 
as natural and effective as human communications, dialogue controller implements 
dialogue planning and response strategies as part of its plan reasoner functions.   

The knowledge about understanding natural language words/phrases, actions for 
achieving goals and relevant datasets needed in the collaboration are stored in the 
Static Knowledge Base module.  In GeoDialogue, the Static KB is implemented as a 
relational database. The Dynamic Knowledge module stores all information involving 
in the dynamic discourse context and a dynamic map context. The discourse context is 
updated dynamically as the dialogue proceeds and the map context is updated as a 
new map response is generated by the system. As described in the third section, the 
collaborative discourse context is modeled as an Rgraph.  

5 Example User-System Dialogue Involving Near  

In this section, a sample dialogue is given to illustrate how the collaborative dialogue 
approach is used in human-GIS communications involving a vague concept near. 
Within this interaction scenario (Fig. 3), the system knows extensive information 
about the geographical space, which can be shared with the user through an 
interactive map.  The user has detailed information about the task, which can be 

Fig. 2 Architecture of GeoDialogue  
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communicated to the system through natural language input.  Personal background 
and preferences are hard to be articulated in language, and these factors are taken into 
account using the direct approach (discussed in section 3).  The combination of these 
dialogue strategies ensures that a shared understanding of the vague spatial concept 
�near� is grounded in the shared contextual knowledge, and the process of such 
communication is more efficient than using only one of these strategies.   For the 
purpose of convenience for description, we assume the user to be female. 

The example dialogue begins with 
the user�s request U1, which involves 
a vague concept �near�. The system 
interprets the user�s intention of U1 
as �to see a map covering an area 
near some features�, and forms a plan 
of �show map� action using 
SeeAreaAroundFeature as the recipe. 
So, an Rgraph is initiated with the 
action SeeAreaAroundFeaure as its 
root action after the interpretation of 
U1 and the current focus in the 
Rgraph is the root action. The system 
elaborates this action with its recipe, 
SeeAreaAroundFeature, and updates 
the Rgraph (Fig. 4)  

 
 
 
 
 
 

Fig. 4 Initial Rgraph  

Based on the understanding of input U1, the system starts to reason about what 
actions should be taken next.  By inspecting the Rgraph, the system found that there 
are two knowledge pre-conditions, �Feature� and �Distance�, that need to be satisfied 
before the �buffer zone� model� of the near concept can be calculated.  Since Miami is 
a feature mentioned in the user�s input, it is used to instantiate the parameter Feature 
(through a basic action IdentifyFeatureBySpeech).  However, there is no clue from the 
user on how to determine the second parameter �Distance�.  Assuming that the system 
has a number of stored model of �near� that could potentially be used to determine the 
buffer distance, but it need help from the user to select an appropriate model based on 
the use contexts.  For this reason, the system chooses to use the �indirect approach� by 
instantiating a recipe, IdentifyDistanceFromContext, pursue the goal of context 
sharing.  The recipe IdentifyDistanceFromContext is added to the Rgraph by attaching 
it to the parameter Distance node.  The action IdentifyDistanceFromContext contains 

 
Note: The dialogue begins with an empty map shown on the 

screen. 
         (U- the user; G-the system, GeoDialogue) 

 
(U1): I would like to see area near Miami. 
(G1): (show a map) What are you going to do with this 

map? 
(U2): Oh, I am just planning a trip to Miami and will have 

fun there by car. 
(G2): (show a new map) Here it is. Is this what you want? 
(U3): Yes, but I want to see a wider area near Miami.  
(G3): (shows a new map) Is this what you want? 
(U4): wider. 
(G4): (shows a new map) Is this what you want? 
(U5): The previous one is fine. 
(G5): (Show the previous map) Here it is. 
 

Fig. 3 An example dialogue involving near 
between the system and the user 

ExecuteBufferCommand 
(Agents: system) 

SeeAreaAroundFeature
(Agents: agent1: user, agent2: system) 

Status=1 

Status=1 Distance Feature Status=1 

Status=1 
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four (4) optional parameters, Map_Scale, Task_Goal, Task_Vehicle and 
User_Preference (For simplicity in describing the approach, we implement only four 
parameters for the three categories of contextual information here).   While reasoning 
about a way to get knowledge on the �task_goal� parameter, the system believes that 
the user has the knowledge about the intended task, and subsequently generates a 
question (G1 in Figure 3).  In the same time, the system will generate a distance 
estimate (by executing the basic action ExecuteEstimationOnNear) using generic 
model (such as the Fuzzy Logic model).  Although such an estimate has little chance 
to match with the user�s intended meaning, it at least allows the system to generate a 
visual response.  The Rgraph at this moment is shown in Fig. 5. 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 5 A snapshot of the Rgraph for the example dialogue (at G1).  

The map response in the (G1) of Figure 3 serves two purposes. First, the map 
provides a shared geographical context (e.g, the distribution and sizes of features on 
the map) for the user to reflect on his understanding of �near�.  Second, it serves as a 
representation of how the system currently understands �near�.  In the same time, the 
system also realizes (by consulting the Rgraph in Figure 5) that the first parameter 
Task_Goal information is missing, which means that task information (that may be 
known to the user) has not been shared with the system.  So it generates a question to 
the user in G1 in order to elicit the task information from the user. 

After the user receives the (G1) response, she replies U2, which provides 
information not only about the goal of the task but also the information about the 
vehicle that will be used in the task. U2 provides information to instantiate two 
parameters: Task_Goal and Task_Vehicle. Additionally, the system can get the map 
scale information from the current map context. After acquiring more contextual 
information such as the task (�having fun by car�) and the current map context, the 
system modifies its belief on the buffer distance (such as �2 hours of driving distance�, 
or �100 miles�) as its new understanding of near.  

Although important contextual information about the tasks and spatial contexts are 
already communicated and shared at this time, the system and the user may still differ 
in their understanding due to the user�s specific characteristics. The user provides her 
own preferences in U3 to answer C2: �Yes, but I want to see a wider area near 

Status=1 

Status=2 

Status=4 

Feature Distance 

SeeAreaAroundFeature 
(Agents: agent1: user, agent2: system) 

ExecuteBufferCommand
(Agents: system) 

Status=4 

Status=2 

Status=2 
IdentifyDistanceFromContext 

(Agents: system) 
IdentifyFeatureBySpeech

(Agents: system) 

Status=4 

User_PreferenceTask_goal ExecuteEstimationOnNear 
(Agents: system) 

Status=1 

Status=1 Status=1

Status=4

Map scaleTask Vehicle
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Miami.� From the system�s Static KB, the system knows that �wider� is a vague 
concept and it, in the current discourse context, represents longer distance. The 
system modifies the Distance value to a larger value based on the value of Distance 
estimated in the last time through a formal method and generates a new map response 
and a question response G3 to the user.  

After the dialogue exchange at G3, the user still wants a wider area. Her reply in 
U4 led the system to generate a question in G4 and a new map with a larger value of 
the parameter distance than the previous one (with G3 together). With sharing the 
map context shown by the system, the user finally changes his previous understanding 
(in U4) of near and thinks the map sent with G3 is fine. Based on his reply in G5, the 
system generates a map by using the same distance used in the previous map (sent 
with G3). Finally, the system and the user come to the common understanding of near 
based on their shared knowledge of the relevant context through a collaborative 
dialogue process.  

6. Discussions and Conclusions 

In this paper, we have developed a collaborative dialogue approach to facilitate 
communication of vague spatial concepts in Human-GIS interaction. This approach 
allows contextual information to be captured, represented and shared through mixed-
initiative dialogues. The dialogue between the system and the user is modeled 
according to the collaborative discourse theory developed by Grosz and Sidner [49]. 
For the vague spatial concept near, the context factors that we consider in this paper 
include the task information, the geographical information, and the user�s individual 
background and preferences. The system contributes more knowledge on generating a 
shared map context, and the user contributes more on providing the task information 
and the individual information. 

The distinctive feature of our approach is that it is based on a well-received theory, 
the SharedPlan theory of multi-agent collaboration [51].  The theory models the 
mental attitudes for an agent to participate in a collaborative discourse. By actively 
modeling the intentional structure of the dialogue as it progresses, the system is able 
to adapt to users with different level of contextual knowledge.  The system 
participates in the dialogue by interleaving the actions of understanding the user�s 
request, finding a plan to achieve it (which may include collaboration with the user), 
executing the plan, and generating responses to the user.  

Supporting communications of vague spatial concepts between a user and the 
system is the key to enable natural language based GIS.  Towards this goal, the 
collaborative dialogue approach, as proposed in this paper, is not an alternative to the 
existing formal models of spatial concepts.  Instead, the two approaches are 
complementary to each other.  In particular, our approach emphasize the role of 
shared contextual knowledge in communicating a vague concept, while formal 
models of spatial concepts captures the inherent uncertainties of spatial objects and 
relationships themselves.  Ideally, the system should be able to adapt its behavior in a 
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situated interaction that may range from no contextual information at all to the sharing 
of full knowledge about the contexts.   

Our experience with developing collaborative dialogue interfaces [17] for GIS 
indicates that there are unexplored potentials to incorporate the principles of human-
human communication into interfaces for geographical information systems.  As 
exemplified in this paper, dialogues and collaborations are fundamental strategies for 
human to communicate vague (spatial) concepts. When people�s communication 
involves a vague spatial concept, people usually exchange relevant knowledge about 
the context to come to a common understanding of the concept.  Further research is 
needed to understand how these multiple contextual factors interact in affecting the 
meaning of vague spatial concepts, and to develop computational models that are 
more cognitively plausible.  
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