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Abstract

Almost thirty years after the beginning of geographic information science
(GIScience) as an interdisciplinary but distinct scientific field, new and
deeper research questions have arisen, questions which make us return
back to the fundamental issues of geographic concepts, knowledge repre-
sentation, and semantically-aware approaches. The questions are very dif-
ficult to answer, yet this should not prevent us from always pursuing the
very nature of geographic meaning. It is evident that meanings and under-
standings in the geospatial domain (thereinafter called “geonoemata’)
pivot around the connection between the central representational notions of
concepts and objects. The use and application of these notions can be ac-
counted for most problems in interoperability, non-universality of ap-
proaches, misinterpretation, and semantic conflicts. In this section, an at-
tempt is made to identify a number of open and promising research
questions in great need for progress.

1 Introduction

It is always fascinating to retrospect and realize the long distance covered
by Geographic Information Systems and Science in the last 30 years at least.
The path has not been an easy one, the objective was neither self-evident
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nor always clear, and some prominent scientists have throughout the years
(and their life) significantly contributed to what has become a renowned
field today. Having appreciated this long contribution, it would be interest-
ing but also fruitful to examine what was at times the research agenda,
which questions have either found a sufficient answer or present no inter-
est anymore, and what went right or wrong in these 30 years. But, even
more importantly, it would be crucial to identify which issues remain open
and long-standing, which questions still have not found a sufficient an-
swer, and which theories will provide an essential core and make GI-
Science not just survive but thrive in the years to come.

Indeed, being more knowledgeable now, and after having resolved or
left behind us many issues especially technical ones, it is not difficult to
realize that the real problem was not the initial lack of geodata or stan-
dards. Nor it was how data are formalized, structured, or organized in a da-
tabase. And clearly it was not how fast algorithms perform and can be op-
timized. Without diminishing their role, what really kept GIScience going
and not being absorbed by other technological fields, were the open (and
difficult to answer) theoretical questions. The interdisciplinary but also
distinct character of GIScience has attracted scientists from many other
seemingly diverse scientific disciplines.

The truth is that many of these theoretical/fundamental issues are not
completely new. They were addressed early enough by some envisaged
scientists, but maybe too-early to be appreciated by the large geographic
information community. Two reasons changed the picture.

The first reason was the expansion of “traditional” spatial science to
other disciplines: Philosophy, Epistemology, Linguistics, Cognitive Sci-
ence, Psychology, Knowledge Science and Engineering, etc. Parenthesis:
It could be claimed that this expansion completely reversed the classic
question “What is special about spatial information?” to “How much in-
formation is left that cannot be treated as spatial?”’

The second reason that helped change the picture was (a) the progress of
systems, applications, sensors, and communications (including the web),
and (b) the enormous acquisition of geospatial' data. The natural next step
was to associate and integrate this information, which revealed the serious
issue of incompatibility, especially that of semantic conflicts. All attempts
to standardise information failed at some level, simply because you cannot
completely standardize the way people observe, perceive, think, and form
concepts.

In other words, what proves to be essential is the way reality is carved
and represented, and how the resulting differences in meaning and knowl-

! Throughout the Section, the terms “geographic” and “geospatial” are used in-
terchangeably.
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edge about geospace, i.e., geonoemata, are elicited. It is a necessity to un-
derstand this duality relation between the representational notions of con-
cepts and objects. This duality is met in different fields under different
names, but presents a strong similarity. Whether known as <concept <> ob-
ject>, <concept <> symbol>, <signifier < signified>, <territory <> map>,
<word < idea>, <sign < thing>, (Frege 1892; Ogden and Richards 1923;
Korzybski 1933) or other, it all boils down to the fact that a representation
is a substitute. It is neither the concept formed when observing a real thing
(geographic reality in our case), nor the thing itself. In the same context,
Frank (2000) uses a multi-agent system as a model for map production,
communication, and use. The model consists of two disjoint tiers: reality
and beliefs the first tier represents the environment and the second the
agents’ understanding and knowledge of the environment.

Semantic-aware approaches became thus a critical issue to geospatial
research. The different and non-complementary representations of geo-
graphic reality (lets call it “poems”) are the expression of views, concep-
tions, and meanings of their creators (“the poets™), which at the other end
are received diversely by the different users (“poetry readers”) creating
different views, conceptions, and meanings. With the dramatic increase of
internet users, the problem escalates. Data and its intended meaning are not
confined to domain experts or the community that created it, but to a wider
and a-priori unknown community of users. This often prevents the devel-
opment of universal approaches, while it often leads to data misinterpreta-
tion and misuse. Without resorting to Husserl’s Phenomenology and
deeper uses of “noema/noesis”, the systematic clarification of “geonoe-
mata” and semantic conflicts is considered to be of vital importance to-
wards a proper elicitation of geo-knowledge. This inevitably entails sig-
nificant progress in ontological research.

The deeper questions are indeed very difficult to answer, yet this should
not prevent us from always pursuing the very nature of geographic mean-
ing. The world functions for centuries (although admittedly not well) with-
out having resolved these notions, by making assumptions and by using
axioms, limited theories, vague knowledge, heuristics, rules of thumb, trial
and error, etc. Probably, the methodological instruments of GIScience
need to take such approaches into consideration, be aware of all the as-
sumptions made, and proceed to pragmatic issues.

In this section, an attempt is made to identify a number of open research
questions in great need for progress. Naturally, the list itself is also open -
it could not be otherwise.
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2 Obstacles and Challenges

Although research on geosemantics and ontologies has tremendously in-
creased in the last ten years, its practical results are still limited. This can
be accounted to a number of reasons or obstacles (Kavouras and Kokla,
2008). The same obstacles on the other hand, present open research areas
and important challenges. Three main areas are the following:

1. There is no clear understanding (not to call it lack of awareness or
even confusion) first about the meaning of the notions, and secondly
about the objectives set by users. That is to say, semantic conflicts are
not only something between concepts, but they are also a problem at a
meta level, between notions very loosely used, such as concepts, ob-
Jects, ontologies, semantics, integration, similarity, context, etc. As a
result, it is not easy to design appropriate solutions to problems.

2. Besides the significant research accomplishments in GIScience, there
has not been a remarkable progress towards developing a concrete
and universal corpus of geographic knowledge. This would require a
synthesis of all independent theories and methods into a lattice of me-
ta-ontologies which after thorough analysis and reviewing would be
valuable to geo-ontology engineering.

3. The third obstacle is the lack of well established formal instruments,
to deal with the highly demanding knowledge representa-
tion/engineering needs. Traditional methodologies, algorithms and
data structures cannot play this role anymore. Given a task, the user
needs to know which conceptual structure is more expressive or ap-
propriate, how conceptual structure are converted or integrated, etc.
Also, the user needs to know what options exist for the elicitation of
semantic knowledge from different sources including textual descrip-
tions.

The first two obstacles, and especially the second one, appear to be the
most persistent. They involve and depend on domain (geospatial) knowl-
edge, entailing thus research topics of long term objective but also of large
value. The third obstacle does not solely refer to geospatial knowledge,
and could generally advance independently. Nevertheless, geospatial
knowledge may present additional requirements which general purpose
conceptual instruments are unable to deal with. Finally, explication and
implementation issues have been purposely left out; for they are easier to
be dealt with once theoretical-conceptual issues have been clarified.

Given the above framework, in the rest of the section a number of im-
portant and promising research questions are put forward. All of them,
theoretical approaches as well as formal instruments, could fall in or con-
tribute to a main objective, that is, geo-ontologies, concepts, and semantics
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as well as the development of a corpus of geographic knowledge. The list
is only indicative and could not be closed. Some questions appear to be
difficult to deal with rigorously in the foreseeable future. In these cases,
there is no other way than adopting a workable solution, and working con-
stantly towards its improvement.

3 Corpus of Geographic Knowledge

Ontological research in GIScience, as in many other disciplines, has grown
substantially (see review by Agarwal 2005), yet there is still an open field
of challenge. Especially, as the emphasis is put on deeper (semantic) in-
formation (Kavouras and Kokla 2008), it becomes necessary to move from
the explication level higher to the ontological level. In order to do so, it is
essential to build an ontological corpus of geographic knowledge.

3.1 Essence in Geographic Concepts

Concept formation is a central issue in all disciplines, GIScience not ex-
cluded. Metaphysics, Cognitive Science, and Epistemology have the po-
tential to contribute to this objective. It is highly unlikely however that an
overall encompassing theory will ever be in the position to describe differ-
ent, partial, yet complimentary perspectives of geographic reality. It is
nevertheless important that the essence of geographic concepts is ap-
proached at a pragmatic level.

Since concepts are the basic conceptual units of an ontology, a set of
principal semantic dimensions can be set to which each concept can be
projected. This set of semantic dimensions is similar to what has become
known as a semantic reference system (Kuhn 2003). The properties, rela-
tions, and other signified elements (Kavouras and Kokla 2008) in describ-
ing a concept can prove very useful, and can be based on the universal dis-
tinctions of fop-level ontologies (Sowa 2000). The determination of such a
universal set of essential properties/relations for geoconcepts would make
a great research accomplishment of immediate practical use. Several
prominent initiatives for the development of a top-level ontology exist,
such as IEEE Standard Upper Ontology, Upper Cyc Ontology, Basic For-
mal Ontology, etc. However, there is not yet an established top-level on-
tology which would be used as a common basis for the evolvement and as-
sociation of more specialized domain-dependent ontologies. Furthermore,
Agarwal (2005) argues that it is debatable whether a unified approach to
geospatial ontology may exist, taking into account the interdisciplinary
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nature of geographic information research, and the different conceptualiza-
tions and terminology used for the same geospatial concepts.

3.2 Principal Ontologies

This research direction focuses on the development of a set of interoper-
able ontologies covering the most basic/common (principal) concepts and
relations of the geospatial domain, also called the core. Despite the differ-
ent views on the general issue of core ontologies (Borgo and Gangemi
2004), they constitute a vital area of active research. The core should
probably rely on the general structure of fop-level ontologies and include
different views of the domain. The existing amount of work, which other-
wise could be considered significant, has not reached this stage yet. Exem-
plary principal ontologies, without any particular order, cover the follow-
ing: views and context, location, boundaries, spatiotemporal relations,
essential properties, affordances, spatial operators, change, uncertainty,
etc. The benefit of establishing such a corpus, even an imperfect one, is
manifold:

e First, it would help geospatial research move forwards, without running
constantly in circles.

e Secondly, it would provide a solid basis/reference for comparing differ-
ent views and resolve conflicts.

e Thirdly, it could systematise, compare and harmonise GIScience educa-
tion and curricula.

3.3 Light vs. Specialised Ontologies

Traditionally, the analysis and processing of geographic information were
of concern to the experts. Experts, appreciating the intricacy of the world
phenomena, naturally attempt to deal with the problems as they are taught
to, that is, in a complex scientific way. On the other hand, nowadays in the
internet era more and more non-specialists attempt to deal with geospace
and its information in a much simpler way based on “common sense”. The
ontologies employed by this type of users are much lighter than those used
by specialists. Research-wise, it is important to semantically strengthen
these approaches. In this area, worth mentioning is the work of Semantic
Geospatial Web (Egenhofer 2002).

The problem of supporting cognitive, common-sense, naive approaches
may be quite difficult (and thus challenging), because ‘“common-sense”
may prove to be not that “common”.
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3.4 Conceptual Instruments

Besides the number of advanced conceptual structures, formalisms, and in-
struments developed, and their application to various fields, including
GIScience, neither their suitability, nor their applicability have been suffi-
ciently studied so far (Kavouras and Kokla 2008). Major instruments have
proven to be Formal Concept Analysis - FCA (Ganter and Wille 1999),
Conceptual Graphs — CG (Sowa 2000), Chanel Theory and Information
Flow - IF (Barwise and Seligman 1997), and others. Another important
challenge here is the effective synthesis of such advanced structures in
frameworks. Along these lines, the Information Flow Framework (IFF)
(Kent 2004) is an attempt to unify IF with FCA, while, Wille (1997) has
attempted to join FCA and CGs.

3.5 Geonoemata from Natural Language

Though research on linguistic aspects of geographic space has been around
for sometime (Mark and Frank 1991), traditional geospatial research has
paid only limited attention to geographic knowledge and meaning elicited
from natural language. Geonoemata can be systematically extracted from
linguistic descriptions and formalised. This is a very exciting research di-
rection, not only because it can explore a wealth of knowledge such as tex-
tual descriptions, but also because it has the potential to establish a “natu-
ral” and semantically rich communication between humans and machines
in the future.

Advances in natural language processing/understanding (NLP/NLU), as
far as geospatial concepts are involved, are absolutely necessary (Kokla
2008). An analogy with more traditional geospatial “languages” such as
cartography may also prove to be useful. Some other promising NLP tech-
niques are (Kavouras and Kokla 2008): (a) text summarization (Mani and
Maybury 1999), and (b) controlled “natural” languages (Sowa 2004;
Kavouras and Kontaxaki 2005).

4 Conclusions

GIScience needs not just to endure but also to establish a core identity as a
real science. Developing a corpus of geographic knowledge is of utmost
importance. Towards this objective, probably the most critical questions
are (a) how concepts are formed, (b) how representations fulfil their role,
and (c) how geonoemata are elicited. In this context, a short indicative list
of challenging research areas has been introduced.
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The relation their progress may have to other research areas is obvious.
Such progress affects work on semantic similarity and interoperability. It
also affects the way we deal with vague or imperfect geographic knowl-
edge. The development of universal methods and tools, almost regardless
to when dealing with spatial, thematic or temporal information, or when
dealing with visual, cartographic, or textual descriptions of space, heavily
depends on the successful tackling of the issues of the previous paragraph.

The fact that some problems are not likely to find a final solution in the
near future, for they involve amongst others some deep yet unanswered
philosophical issues, should not inhibit us from pursuing at least a prag-
matic approach. After all, the endless effort to develop a multi-faceted yet
coherent representation of geographic reality shall determine conflicts be-
tween the different geonoemata we form, and significantly improve our
communication and our (admittedly partial) understanding of this world.
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