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Cognitive Semantic Interoperability for Spatial (Web) Services 
Achieving semantic interoperability for geographic information has been a major research 
goal of the GIScience community. It is defined as the capacity of (geographic) information 
systems and services to work together without the need for human intervention (Harvey et al. 
1999). Nevertheless, these systems and services eventually support human users in their 
decision-making and therefore people’s understanding of terms must be accounted for (Miller 
forthcoming). Current approaches to solve the semantic interoperability problem are based on 
realist semantics, which defines meaning independent of a human user. In order to account for 
human concepts a cognitive semantics approach is needed. In this position paper we make a 
case for Cognitive Semantic Interoperability. 

Let’s assume you are using a wayfinding service that communicates wayfinding 
instructions that are enriched by landmarks. The service automatically extracts salient features 
from datasets based on a model of landmark saliency (Raubal and Winter 2002; Nothegger et 
al. 2004). By extracting such features it is assumed that the system’s concept of a landmark 
equals the user’s concept of landmark. But this is most often not true. It is therefore necessary 
to represent and to translate between these different conceptualizations. Here we argue for a 
formal cognitive semantics approach, which allows for capturing the differences between a 
system’s view and a user’s view of the same concept. In the long run this will lead to 
cognitive semantic interoperability between geospatial (web) services and their users. 

Realist semantics asserts that the meanings of expressions are in the world and 
therefore independent of how individual people understand them. In cognitive semantics, 
meanings are claimed to be mental entities—mappings from expressions to conceptual 
structures—which themselves refer to the real world. It has been demonstrated that realist 
approaches to semantics face a number of difficulties, most notably their problems to deal 
with learning, with mentally constructed objects that have no direct correspondence in the real 
world, and with the fact that the meaning of concepts often changes both over time and in 
different contexts (Gärdenfors 2000). During the hype of creating automated information 
services—services that work with each other without human intervention—it is often 
forgotten that the final goal is to create information for a human user. Therefore it is on the 
one hand important how individual people understand the output of a computer system and on 
the other hand that the computer system understands people’s meanings of terms used to 
formulate a question to the system.  

Our approach to allow for cognitive semantic interoperability utilizes Gärdenfors’ idea 
of conceptual spaces—sets of quality dimensions within a geometrical structure (Gärdenfors 
2000). For example, a color space may be represented by its quality dimensions hue, 
saturation, and brightness. In (Raubal forthcoming 2004) we describe a methodology to 
formalize conceptual spaces as vector spaces. A concept is represented as an n-dimensional 
conceptual vector space, whose axes represent quality dimensions or further vector spaces 
denoting domains. In order to standardize the variables represented by these axes a statistical 
method called z-transformation is applied. This allows for representing instances of a concept 



as points in the conceptual vector space and measuring the distances between them and their 
distances to a prototype of the concept. Such prototype is ideally an n-dimensional region in 
the conceptual space. In addition, one can account for the use of a concept in different 
contexts by assigning different weights to the axes of the conceptual vector space. Such 
spaces can be utilized for knowledge representation and sharing, and support the paradigm 
that concepts are dynamical systems. In order to bring the system’s semantics closer to the 
user’s semantics, conceptual vector spaces can be mapped from one to another in the way of 
transformations and projections. 

How does this help in the wayfinding scenario? After defining quality dimensions for 
the concept landmark from both the system’s (i.e., the system designer’s) and the user’s 
perspectives, the conceptual vector spaces can be formally represented. For example, some 
wayfinders prefer buildings as landmarks and the quality dimensions may be size, shape, 
color, and visibility. During wayfinding at night the weight for color can be set low, etc. Both 
spaces can then be compared—e.g., by representing one’s prototype within the other space 
and determining the distance between the prototypes—and adjusted to each other. For 
practical reasons, the system adapts the semantics of its concepts to the user’s semantics, 
leading to improved human-computer interaction. 

Following a cognitive path to overcome the differences of meaning will be a major 
interdisciplinary endeavor, involving both spatial and cognitive scientists. With the presented 
approach many questions are to be solved in the near future, such as: 

• How to find the covariances between dimensions and account for these in the 
representations of conceptual spaces? 

• How to formally define a comprehensive formal framework for mappings between 
conceptual vector spaces and to quantify the loss of information? 

• How to pragmatically implement the approach in the context of geospatial web 
services? 

Computer friendly representations in the area of cognitive semantics are exceptional but 
urgently needed. They allow us to account for the fact that different people have different 
conceptualizations of the world and therefore require different presentations of answers to 
their spatio-temporal queries. The concepts of system designers have to be matched with the 
concepts of individual users to make information communication a successful enterprise. This 
will lead to useful and usable spatial semantic webs. 
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