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Abstract

This paper notes that 20™ century advances in computer science and information systems
narrowed the earlier scope of semantics and outlines six challenges for information
systems to:

1) return to the earlier scope of semantics at the turn of the 20™ century

2) address all six basic questions.

3) create cognitive models that link with the physical world

4) create entities to allow integration of changing paradigm shifts and world views

5) include multi-lingual and multi-cultural dimensions

6) develop models that reflect differences and limitations in media types.

At the turn of the 20™ century, Semantics was a “science that studies the content
(meaning) side of linguistic signs.” It was linked with five other fields: 1) Semiotics a
“science of general properties of sign systems”; 2) Lexicology, a “science that studies
vocabulary of language also called Lexical Semantics”; 3) Lexicography, a “science of
dictionaries and their creation”; 4) Semasiology, a “branch of semantics that seeks
meaning departing from expression side of language that studies the development and
changing meaning of words” and 5) Onomasiology, a “branch of semantics which departs
from a meaning side of language and asks what expressions exist in other languages.”"

During the 20" century there were many breakthroughs in computers and information
systems. Paradoxically this quest to achieve automated forms of communication also led
to a great simplification of semantic problems and a serious dumbing-down with respect
to solutions.” As a first challenge, this paper argues that we need to integrate what we left
behind if we are to go ahead. In so doing, information systems can meet a second
challenge of going beyond Who? and What? questions to deal also Where?, When? How?
and Why? questions.

In the 1940s, Claude Shannon, who worked with Vannevar Bush on the ENIAC
(Electronic Numerical Integrator and Computer), chose Boolean logic® as his point of
departure. This reduced logic to choices between three logical operators: and, or and not.
In terms of the semantic primitives,® these operators dealt effectively with Exclusion,
simplistically with Inclusion, and in a very limited way with Intersection. In terms of
basic questions this focused on Who? and What? questions, ignoring entirely Where?,
When?, How? and Why? questions.



In the 1950s, Curry and Feys developed typed combinatory logic.” This introduced a
distinction between three levels of language: 1) Phenotype, which describes natural
language as order of words; 2) Genotype, which expresses grammatical invariants and
structures and 3) the Cognitive level which deals with lexical predicates as represented by
semantic cognitive schemes. This linked cognitive science with semantics® and separated
clearly perceptual and conceptual dimensions.” It also focussed so much on mental
dimensions that a recent survey of trends could ask: Does representation need Reality?®
Hence, a third challenge is to remember that our models need to explain the physical
world and to bridge physical and mental worlds.’

In the 1980s, the influential work of Langacker established the foundations of a new
cognitive grammar.'” This introduced a fundamental distinction between nominal
predications used to designate things (i.e. nouns) and relational predications used for
states (a-temporal relations) and processes (adjectives, adverbs, prepositions and verbs).
In terms of basic questions, this established a distinction between Who? and What?
(nouns) and relations entailing Where?, When?, How? and Why? (adjectives, adverbs,
prepositions and verbs). This prompted new attention to relations using verbs:
troponymy.'' It also obscured very clear relations that had been established between
division and partition. Since the 1980s, traditional distinctions have been even further
eroded. For instance, Eduard Hovy, 2one of the authors of the influential, WordNet
recently noted (2002):

We define an ontology rather loosely as a set of terms, associated with definitions
in natural language (say English) and, if possible, using formal relations and
constraints, about some domain of interest, used in their work by humans, data
bases and computer programs. We view a set of semantic relations organized into
collections and perhaps related in a generalization hierarchy as a special instance
of an ontology."

These definitions are important because they establish new links between ontology and
semantics that help to account for the meteoric rise of these two concepts in the past
decade. Meanwhile, Christiane Felbaum (2002) claimed that: “If one examines the
lexicalized concepts in relation to one another, it becomes clear that they differ in
systematic ways that are characterizable in terms of similarities and contrasts. These
consistent differentiations among concepts are what we call semantic relations.”"*
Interpreted narrowly this definition would mean that semantics has nothing to do with
who or what a thing is, or what it means. Rather, semantic relations would be limited to
differentiations in terms of similarities and contrasts."

To understand the larger challenges a brief excursus in history is necessary. In Antiquity
the study of language was divided into the structure of language (grammar); the logic of
language (dialectics, later logic) and the effects of language (rhetoric). This trivium of
grammar, dialectic and rhetoric formed the language side of the seven liberal arts.'®
What? questions were shared by Grammar and Dialectic (Logic, figure 1). How?
questions were the domain of rhetoric. Why? questions were relegated to philosophy.
This discipline based approach meant that it was not until the 19" century that linguistic



Discipline Grammar, Dialectic Geography  History Rhetoric Philosophy

Function Structure, Logic Effects  Causes
Question Who?, What? Where? When? How? Why?

Figure 1. Basic questions and basic disciplines.

variation and dialect studies (Where? questions) and etymology (When? questions) came
into focus. The 20" century precursors to the semantic web returned the focus to logic
(What? questions). As a result, semantics as a study of the meaning of words, language
and sign systems narrowed to become a study of relations and relationships between
static words and terms. Hence we need to expand the scope of semantics to cover all the
basic questions.

The focus on logic has had a more subtle consequence of assuming that the semantic web
is/should be about a single logic, namely, the truth system with which we happen to use
today. In the realms of science and business this is completely ‘logical’. When making
transactions, we need assurances that our customers use the same rules as we do.

Inherent in this approach is the assumption that an entity is substantially one thing with
fixed properties: e.g. the sun is a body around which planets rotate as the heliocentric
theory claims. If we decided that today’s heliocentric explanation were the sole
admissible theory, then we would theoretically be unable to understand and to
communicate the views of all proponents of a geocentric universe prior to Copernicus in
the West and even more recently in some isolated regions of the world. Hence a fourth,
more elusive challenge is integrate different paradigm shifts and world-views into our
plans for the semantic web and information systems by developing concepts of changing
entities. We need to develop the plural meaning of information Systems.

Related to this is a problem that the official national view is often quite different from a
regional or local view. The explanations of Indian New Delhi concerning Kashmir are
typically different than the explanations of Pakistan’s Karachi or Kashmir’s explanations
of itself. Their language, claims, and even their maps may be different. This leads to a
fifth challenge whereby our semantic webs and information systems need to become
more multi-lingual'” and multi-cultural.'®

One of the important insights of the late Marshall McLuhan was that every medium for
communicating knowledge also shapes and limits the knowledge that it communicates.
McLuhan argued that new media typically used the previous medium as their content.
Hence, the telegraph used print as its content, print used manuscripts as its content;
manuscripts used oral communication as their content and so on. This was one of the
reasons for McLuhan’s claim that: “the medium is the message.”

Digital communication is not simply another step in the tradition of a new medium
adopting the content of its predecessors. Once materials are digital they can be translated
back to other media without difficulty. Potentially, a digital text can be output as a
printed text, as oral-audio text or, using stereo-lithography, even as cuneiform text."



Implicit in this insight is a sixth challenge: How can we create a more comprehensive
semantic web with information systems that both reveal these new potentials and allow
us to recognize explicitly the differences (both qua strengths and limitations) of earlier
media?

The nexus of ontologies and the semantic web mentioned earlier led to a focus on
metadata. The scope of metadata needs to be expanded into virtual reference rooms
(which link classification systems, dictionaries, encyclopaedias and ‘[i‘[les)20 that provide
new access to distributed digital libraries and fora for collaborative research and
creativity: a new virtual agora. These can evolve into a Distributed European Electronic
Resource (DEER) ?' and lead to global efforts in the form of a World Distributed
Electronic Resource (WONDER).
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