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Abstract. What is the intended interpretation of a geospatial database
in terms of reproducible experiences? How should places on a digital
globe be interpreted on the earth surface? And how can their spatial
relations be reconstructed? How should road network databases be in-
terpreted in terms of observable traffic infrastructure? And how is data
about waterways and their depths to be interpreted in terms of observ-
able water bodies? In this paper, I argue that successful information
retrieval and querying of data in context-free environments requires that
such data interpretations need to be effectively coordinated. I give four
arguments why the current approaches to semantic engineering fail as
methods in that respect, and why a ‘grounding’ approach to describe
their semantics is necessary.

1 Introduction

In the early days of database research, issues related to database semantics
played a prominent role in ‘conceptual database design’. This began to change
at the beginning of the 90’s, and nowadays those issues do not appear to be part
of mainstream database research [1]. The problem of data semantics regained
attention in research areas concerned with databases in context-poor commu-
nication environments. In ‘information system integration’, it was recognized
since the 90’s that semantic heterogeneity is a major problem in order to handle
arbitrary information requests, as users and providers need to mediate their un-
derstandings [2]. Because a special case of such a communication environment
is the web, the idea of the ‘semantic web’ was launched later in 2000 [3].

From the very beginning of research in semantics, ontologies, formal theories
of the commonsense world first introduced in artificial intelligence [4], were pro-
posed as a major tool for meaning description. At the same time, the sufficiency
of formal symbol systems to construct intelligent agents was debated in artifi-
cial intelligence [5]. One argument was the ‘symbol grounding problem’ [6], the
problem that declarative semantics expressed in terms of formal symbols gives
rise to an infinite regress. Since then, ontologies have been successfully used for
describing geospatial data. But even though the available ontological tools have
matured with respect to expressiveness and computability, fundamental debates
about their adequacy for a semantic strategy never stopped [7]. It was recognized
quite early in spatial reasoning that the main challenge to represent spatial con-
cepts lies in the need for different and context dependent world views [8]. One



progression was towards more collaborative approaches based on user-generated
‘folksonomies’ [9]. Another was to use semantic similarity [10], schema mapping
and integration tools.

Meanwhile, the problem has remained pretty much the same: heterogeneous
information communities need data from diverse external sources in order to
produce new products and services, but these products were mostly not intended
by the data suppliers. Therefore the discovery, retrieval, integration and query
of such information requires from the user that he be able to reconstruct its
intended meaning.

As Kuhn argued in [11], despite the notoriously difficult philosophical ques-
tions involved, semantic interoperability can be seen as an engineering problem.
Solutions should be based on minimal and sound methodological assumptions
and a clarification of the scope. In this paper, I argue that effective seman-
tic methods need to coordinate human interpretations (Sect. 2). I discuss the
fitness of present methodological approaches in this regard by reviewing their
underlying assumptions: Determinism of scientific thought in natural science,
established usage of natural language, and precision in declarative semantics
of formal languages (Sect. 3). I make the case for a ‘grounding’ method (Sect.
4) through four arguments, each of them showing how these assumptions are
challenged by the indeterminacy of human interpretation.

2 Database Queries Need to Relate Human
Interpretations

Borgida’s and Mylopoulos’ revised idea about data semantics [1] will serve as
a recurrent theme in this paper. They propose to see data as a ‘model’ whose
purpose is to answer questions about the subject:

”Consider, for example, the case of a geopolitical globe as a model
of the Earth.[...] the (informal) questions to be asked have to do with
the existence and (relative) position of features on the Earth’s surface,
[...]. The questions about the model are answered by direct observation
of the model by a human, aided perhaps by a string/ruler/compass [...].
The mapping of questions and answers is based on the scale reduction
of the Earth’s spherical surface to that of the globe.”[1]

There are two far-reaching lessons hiding behind this simple example:

Data can be interpreted by humans: First, this case suggests that a data
set should have meaning in the same sense as natural language has. Effec-
tively, there even should be a natural language analogue to a data set that
humans can understand and practically interpret in terms of their own sit-
uation. Otherwise the data query could not produce meaningful answers in
natural language. This notion of meaning essentially involves that the data
set should be interpretable in terms of human experience and human thought.
In our example, the computation of the relative location of Paris and San



Fig. 1. A database query model.

Francisco (Fig. 1) requires both. This seems to be a rather trivial fact, but it
is not: main stream computer science since the times of Ted Codd’s invention
of the relational database model has sticked to another view. Semantics was
factored out during run time of a database: Database semantics was man-
aged by the operational environment of a database system, i.e. its database
administrator and application programs, and “If you wanted to know what
the data really meant, you’d have to talk to the administrator”[1]. Database
queries — following the ‘physical symbol systems hypothesis’ [12] — were
considered to be formal manipulation of symbols without any necessary fur-
ther meaning. But it is this very precondition of human interpretability of
databases, which seems to make the implementation of an intelligent digital
program, like the question-answering ‘Turing Machine’, a mere fiction1

Interpretations can be related: Second, the mapping between questions and
answers in the data query is obviously based on a relation between different
interpretations, i.e. physical observations: the relation of the earth surface to
the globe model. Note that what is being related here are observations. The
person posing a question must be able to interpret an answer in terms of a
place on the observed earth surface. But the answer was derived by another
person from its observation of the globe surface. This relation is exactly how
— through a chain of interpretations — human-interpretable questions are
linked to human-interpretable answers. And it is the reason why the database
query actually works, that is, why it is able to deliver meaningful answers
to humans.

1 John Searle argues in [5] convincingly that symbol manipulation is not sufficient
for understanding a natural language text, because understanding involves meaning,
i.e. the possession of intentionality: the possession of mental states, like e.g. beliefs,
desires and intentions, that are directed at states of affairs in the world.



What exactly is meant here with the notion ‘interpretation’? Obviously some-
thing very similar to von Glasersfeld’s concept in [13]: An interpretation is a de-
coding of symbols in terms of thoughts and experiences. More specifically, it is a
mind specific activity of a human interpreter S taking an immediately experienced
object X (the semiotic object, e.g. a symbol) and producing a not immediately
experienced result Y, which is not part of X. X could for example be the question
that person S tries to answer by interpreting it on the experienced globe Y. If
X — like in our case — was created by another person A, the ‘author’, then
A’s own individual interpretation similarly may have produced M, the ‘intended
meaning’ of X, which is the earth surface experienced by person A (see Fig. 2).

Fig. 2. How to coordinate interpretations is the real challenge for a successful
database query.

The view that the semantics of a formal vocabulary also requires interpreta-
tion in terms of thoughts and experiences (sometimes called ‘conceptualization’
in order to stress their interdependence), has been common from the early days
of logic based research in artificial intelligence2. This view seems to be agreeable
among ontologists (see e.g. Guarino [15]), because it contradicts few philosophi-
cal world views (apart from, perhaps, a platonistic one). I will use it as a starting
point for my discussion.

But I would like to stress two aspects of potential disagreement. First, thoughts
and their interpretative association are artifacts of the individual human mind
[13]. The two interpretation activities in our example produce results in two
different heads, so Y never happens to be the same as the intended meaning M.

2 “In making our definition [of semantics], we assume the perspective of the observer
[...]. We have a set of sentences and a conceptualization of the world, and we associate
the symbols used in the sentences with the objects, functions, and relations in our
conceptualization” ([14], Chap. 2.3).



This fact about interpretation therefore stands in sharp contrast to any ‘conduit
metaphor’ of language [16], or any naive idea of a ‘universal concept’. Second,
whether for each symbol there is a stable interpretation, or whether more than
one thought can encode one symbol, that is, the semantic rules, seem to be
a private affair in the first place. The rigorous association implied by formal
semantics is therefore not necessarily the case in human interpretation. If we
strictly define a symbol in terms of thoughts or experiences, we arrive at a close
association of thoughts. If we loosely relate a symbol to our web of beliefs, there
can be much more variation in terms of facts. These obvious degrees of freedom
will be our main concern in this paper.

Obviously, semantic interpretation poses a challenge to every database query.
However, as we see in our example, the private interpretations are often success-
fully coordinated in such a way as to give meaningful answers to questions. I
will suggest in this paper that this is so because questions and answers are both
grounded in common observable operations: the answer of S is grounded in geode-
tic measurements, which are themselves grounded in the human observation of
the environment, and this indirectly observed environment of S happens to be
closely coordinated, on this level, with the directly observed environment of A.
The two interpretations are on a certain level on which the bodily operations
— for example the measuring of distances on the globe by S and on the earth
surface by A — are mutually referable among persons S and A, and therefore
related.

This is the implicit idea contained in Borgida’s and Mylopoulos’ example:

Claim. Database queries need to relate questions with answers by coordinating
their human interpretations.

Once this problem of relating interpretations is solved, the problem of se-
mantic heterogeneity is solved, too, as any query posted to a data set could be
given an answer related to the question’s intended meaning. But this turns out to
be the real problem, because language interpretation is a largely indeterminate
process, and coordinating those processes is a challenging task.

3 The Indeterminacy of Language Interpretation

In this section I will discuss evidence and arguments for the view that seman-
tic interpretation of language in general is a vague, underconstrained and in-
determinate process. The indeterminacy of this process challenges the existing
approaches to semantic engineering, because it undermines their assumptions:
Determinism of scientific thought in natural science, established usage of natural
language, and precision in declarative semantics of formal languages.



3.1 The argument of Indeterminacy of Empirical Theories

The first argument is one of epistemology, that is the justification of knowledge.
If a web of beliefs3 was shared among interpreters, the coordination task could
be reduced to negotiating a common vocabulary for the notions involved in those
beliefs. The argument has much to do with the methodological implications of
philosophical realism (also called metaphysical objectivism) [17].

If we assume that our web of beliefs can be harmonized by approximating
the ‘real world’ through observation and scientific reasoning, then this could be
a way of coordinating interpretations. If the real world e.g. consists of discrete
objects and their relations, then agreement on interpretation is just a function
of the correctness and completeness of representing those relations in thought
and language. Perhaps, one could admit that only experts really have access to
these correct descriptions, like Putnam did [18], and thus require ontologies to
be constructed solely by experts.

Realism is in fact quite often used as a justification for a certain method-
ology of ontology engineering. One example is Barry Smith’s proposal [19] to
replace the notion of a concept as the subject matter of ontologies by “the uni-
versals and particulars which exist in reality”. The idea is that the ambiguity
of ontological terms as well as the existence of different ontological views on a
subject matter, which seem deeply entangled with the imperfectness of human
perception, will disappear once ontology engineering is “devoted precisely to the
representation of entities as they exist in reality”[19], and not to mere linguistic
or cognitive artifacts. In this view, people hold different views on reality due to
human misconception, but once they strive for a better (less subjective and more
natural-science compatible) view, their conceptions will converge. A comparable
philosophical view stands behind many attempts to formalize, once and for all,
a so called universal ontology, in which agreed human knowledge is encoded.

It is well known that scientific realism is confronted with a large list of power-
ful criticisms4. Please note that I will not engage in any metaphysical discussions
about realism. I personally think that a ‘basic realism’, e.g. in Lakoff’s sense [21],
is beyond question. But I would like to demonstrate the practical methodological
problems that one will encounter when following a realist approach in order to
harness the effects of the indeterminacy of language interpretation.

Empirical Underdetermination One of the most powerful arguments against
philosophical realism is based on the so called empirical underdetermination
hypothesis [22]:

Claim. For every empirical theory T there is an empirically equivalent theory
T’ which is incompatible with T.
3 In epistemic logic, knowledge is considered as true belief, i.e. the special case of

believing in true propositions. But knowledge is a much debated notion, and truth
even more. In this section I am talking about webs of human beliefs in that general
sense, i.e. about interrelated proposition that are accepted as being true, regardless
of being also called ‘knowledge’ (thanks to one reviewer for his hint).

4 See [17] and [20] for an extensive discussion.



The term ‘empirical equivalence’ is explained by Richard Boyd [17] in the
following way:

“Call two theories empirically equivalent just in case exactly the same
conclusions about observable phenomena can be deduced from each. Let
T be any theory which posits unobservable phenomena. There will always
be infinitely many theories which are empirically equivalent to T but
which are such that each differs from T, and from all the rest, in what it
says about unobservable phenomena (for formalized theories, this is an
elementary theorem of mathematical logic).”[17]

The argument of empirical underdetermination does not force one to assume
that there is no objective world outside of human thought, or that progress in
scientific reasoning is not possible. But it leaves no reason to think that sophisti-
cated conceptualizations of the real world will automatically and asymptotically
approach a unique state of agreement.

Duhem, Quine and Knowledge Discovery The power of the underdetermination
argument can best be illustrated by an example. W.V.O. Quine [23] gave one:
According to physical theory T, we live in a universe that can be described
by an infinite 3-dimensional Euclidean space. However, according to theory T’,
we live inside of a 3-dimensional ball, and the closer an object approaches its
surface, the smaller it gets. Empirically, by using observation or measurement,
it is impossible to distinguish between the two worlds that are described by T
and T’, because the measurement units will shrink in exactly the same way as
the objects do. Nevertheless, the theories are incompatible because in T’, an
unobservable center of the universe exists, but not in T.

The idea of empirical underdetermination is a radicalization of the famous
Duhem-Quine thesis. Empirical contradiction (often called falsification) can —
according to Duhem [24] — never be accomplished for an isolated hypothesis.
The argument is that observable implications never exist for a single hypothe-
sis, but only for a conjunction with auxiliary premises. Falsification therefore
only implies that any assumption, including the hypothesis, could be false, but
which one is left undecided. The argument can be extended to whole theories
as sets of sentences, their inference rules and derivable facts. As Quine put it:
“Any statement can be held true come what may, if we make drastic enough
adjustments elsewhere in the system”5. He devises an alternative conceptual
view on empirical knowledge, which might be called the ‘undetermined fabric of
knowledge’ :

“The totality of our so-called knowledge or beliefs, from the most ca-
sual matters of geography and history to the profoundest laws of atomic

5 See [25]. Quine’s critique is directed towards what he calls reductionistic verification
in empiricist thought (popularized e.g. by Locke, Hume as well as Carnap), namely
the view that every statement of a theory is translatable into a statement about
immediate experience and thus can be evaluated in isolation.



physics or even pure mathematics and logic, is a man-made fabric which
impinges on experience only along the edges. A conflict with experience
at the periphery occasions readjustments in the interior of the field.[...]
Re-evaluation of some statements entails re-evaluation of other, because
of their logical interconnections — the logical laws being in turn simply
certain further statement of the system [...]. But the total field is so un-
determined by its boundary conditions, experience, that there is much
latitude of choice as to what statements to re-evaluate in the light of any
single contrary experience.” ([25], emphasis mine)

This so called holistic argument is not really in danger by saying that in
concrete cases, researchers usually can agree on which parts of a theory to retain
by referring to preferential rules and heuristics. The problem can be illustrated
by realizing that is has practical analogues in the field of knowledge discovery
and statistics: In order to learn a curve from observations e.g., it is always
possible to choose among a set of linear and non-linear regression rules. But this
choice is often not clearly decidable from empirical evidence: it needs a theoretic
bias. There is lots of heuristic strategies to select from [26], e.g. simplicity and
Ockham’s razor. But it is not the case that this rule — or any other theoretic
bias — is most likely to be successful a-priori [27].

Objective Ontology and Natural Science Taking these arguments into consider-
ation, it seems naive to assume that even in the most accurate natural sciences,
e.g. physics, there will emerge one objective ontology which contains all abstract
concepts of the discipline. This of course does not mean that it is impossible
to build a single meta-theory in physics. It just means that given the empirical
facts, different ontological views must always be expected.

Take e.g. the abstract concept of matter. In contrast to mass or energy,
which are closely tied to observation procedures, matter is nowadays banned
from any physics textbook, even though it has always been a core concept from
the outset, for example in Aristotle’s metaphysics [28]. Since then it has been
used throughout physics in a bewildering variety of contexts6.

It is important to note that even though quantitative physics is a very stable
success story of modern science, its ontological interpretation continues to give
puzzles and seems to be far from reaching any agreement. The different exist-
ing interpretations of the mass-energy equivalence may serve as one example
[30]. As another example, the ontological analysis of the experiential findings in
quantum mechanics of light, as discussed by Bohr, Schrödinger and Einstein,
resulted in the wave-particle dualism, which eventually made two contradictory
interpretations permanent.

Can we thus conclude that at least that part of physics which is less ontolog-
ically abstract and more closely related to measurement is not affected by the
indeterminacy argument? The indeterminacy argument was applied to physics

6 “It is fair to say that in contemporary physics, there is no broad consensus as to an
exact definition of matter”[29].



by P.W. Bridgman ([31], Chap. 8). Bridgman argues that the accuracy limi-
tations of physical measurement, especially in wave mechanics, seem to have
opened the door for a flood of what he calls ‘possible’ theories. Obviously, many
macro scale concepts of ordinary experience, like ‘wave’, ‘particle’ or ‘probabil-
ity’ seem to become metaphors at the scale of quantum mechanics, because they
are not applicable in a strict sense ([31], Chap. 9). In consequence, there is lack
of knowing which parts of the mathematical theory shall be interpreted as real
and which parts as mere formal artifacts.

There are of course many more obvious fields of natural science than physics
to demonstrate the effects of empirical underdetermination. A particularly rele-
vant and frequently discussed example is taxonomies. As Lakoff ([21], Chap. 12)
elaborates in detail, the scientific history of biological taxonomies of species, a
classical example of a scientific ontology, seems to contradict the objectivist as-
sumptions: currently, there remain three incompatible views on taxonomy. Why
should one claim that there must be a predisposed, unique and correct way of
categorizing species? The troubles associated with such a view amount to an ab-
surd level when one considers the case of the duck billed platypus, as described in
Eco ([32], Chap. 4). Because the duck billed platypus has got mammary glands
as well as eggs, it caused considerable confusion among taxonomists of the 19th
century. The confusion ended up in a conventional taxonomic revision and a
new category ‘monotrema’. Interestingly, Eco points out that this was the result
of 80 years of scientific debating, and that during that debate, the encyclopedic
characteristics, like being a mammal or not, were fully negotiable, whereas the
directly observable characteristics of the animal, like its tail and duck bill, were
indelible.

Observability It has often been brought up against the empirical underdeter-
mination argument, that it draws on the distinction between ‘observable‘ and
‘unobservable’ sentences in a theory, and that this distinction cannot sharply be
made, or that it is theory dependent itself. First of all, observability seems to
be so crucial a notion that I do not see how to do without it even in a realist
setting. It is necessary to have an operational understanding of a theory in or-
der to justify it with empirical data. Furthermore, as Boyd [20] demonstrates,
such a distinction must not be sharp, it could be a continuous transition from
observable to unobservable, and can be sharpened if needed.

In fact, the notion of observability can be made precise in the way Quine did,
for example in [33]: Quine’s argument is that natural language sentences vary in
their semantic indeterminacies. There are certain occasion sentences, utterable
only on the occasion, with relatively low indeterminacy and high observability,
like ‘it’s raining’ or ‘it’s a rabbit’. These sentences are called observation sen-
tences: “An observation sentence is an occasion sentence that the speaker will
consistently consent to when his sensory receptors are stimulated in certain ways
[...]” ([33], emphasis mine). This does not necessarily mean that the observation
terms (categories) in these sentences must be ‘coextensive’ or pointing to exactly



the same things7. It just means that the individual interpretations are coordi-
nated in a way to allow successful communication8, and this is — as we saw in
Sect. 2 — exactly what is required from semantics.

This effectively means that there must be consensus about names for bodies
and body parts. According to Quine ([34], Chap. 3), the agreement on names
for bodies like ‘Mama’ can be based on an observable action such as ostension,
given the situation is simultaneously observed and the viewpoints of a language
teacher and a learner are enough alike. In the same manner, the correct word
usage is inculcated in the individual child of a language community by social
training on the occasion, that is by the child’s disposition to respond observably
to socially observable situations, and the adults disposition to reward or punish
its utterances ([34], Chaps. 1 and 3). Observation sentences are the entrance
gate to language, because they can be easily learned directly by ostension without
reference to memory or theory ([36], §11). In this way, observation terms actually
spread far beyond the concretely observable situation and consistently recur in
different theories9.

The important thing to notice here is that any critique towards observability
which relies on its theory-dependence or on its social dependence misses the point,
because

“The problem of relating theory to sensory stimulation may now be put
less forbiddingly as that of theory formulations to observation sentences.
In this way we have a head-start in that we recognize the observation
sentences to be theory laden. What this means is that terms embedded
in observation sentences recur in the theory formulations”[33].

Conclusion Because the human ‘fabric’ of empirical knowledge is largely un-
derconstrained by observation, different and incompatible conceptualizations of
reality have to be expected at any time. The practical consequence is: abstract,
less observable concepts in a given ontology cannot be expected to have an equiv-
alent counterpart in a second ontology, which makes translations and ontology
mappings in part a bold venture. Furthermore, any commitment to realism will
by no means prevent this, and therefore will not be a solution to the problem of
semantic heterogeneity.

This means that the semantic engineer confronted with semantic heterogene-
ity problems basically is left without the ‘God’s eye view’, but not without refer-

7 Following one of his famous examples, ‘Gavagai’ could denote a rabbit as well as mere
“stages, of brief temporal segments, of rabbits” ([34], page 51). The two meanings
are not distinguishable by pointing at rabbits.

8 A ‘successful’ communication process could be considered as guided by Grice’s co-
operative principle [35], so that communicative acts follow mutually accepted expec-
tations.

9 Quine points out that in scientific discourse, observation sentences are the ‘common
ground’ to fall back on [36].



ence to collective experience, and not without ‘truth’ or ‘rationality’, as Putnam
argues10.

3.2 The Argument of Indeterminacy of Natural Language Use

One could argue that because natural language is practically successful in con-
versations, in a way that seems to perfectly constrain the intended meanings of
words and sentences, why not solve the problem of semantic heterogeneity by
sticking to natural language descriptions? There are definitely parts of natural
languages whose interpretation is strongly constrained by the language commu-
nity. As John Searle [38] points out convincingly, language is a constitutive part
of constructed social reality, especially in order to establish ‘objective’ institu-
tional facts, like e.g. the supreme court making a decision, or the assignment of
a status like ‘money’ to a piece of paper. It is important to notice that there are
obviously subsets of natural language which already come with coordinated in-
terpretations, because they are results of the collaborative construction of social
reality. I would count Searle’s institutional facts, but also Quine’s observation
sentences here, which were discussed in the last section.

One may think that a determined use and interpretation of language is a
social fact itself. But is the interpretation of an arbitrary word fixed in the same
way as the interpretation of a certain piece of paper as being money? It turns out
that an important source of indeterminacy of natural language interpretation
is its degrees of freedom in usage. Linguists have frequently pointed out that
natural language usage must be a creative and open process, which makes use
of these degrees of freedom to account for the fact that an unlimited variety
of meanings must be expressible using only a very limited human lexicon [39].
One observable effect of this is the frequent re-use or re-interpretation of lexical
symbols, as well as their metaphorical use.

Linguists have discovered many sources for semantic indeterminacy of lan-
guage, e.g. graded structures and prototype effects of category words (compare
the discussion in Chaps. 4, 5 and 6 of Lakoff’s book [21]), like in the case of
the word ‘mother’11. Sometimes categories are even used metaphorically, and it
is unforeseeable which aspects of a prototypical meaning motivate those cate-
gory variations under the umbrella of a single word, the border case of which
are totally ‘unrelated homonyms’ (see Lakoff’s example of the Japanese ‘hon’,
Chap. 6 in [21]). Lakoff also observed (see [21] Chap. 8), that cognitive models
underlying the semantics of language sometimes need to be inconsistent, because
10 “’Truth’, in an internalist view, is some sort of idealized rational acceptability,

some sort of ideal coherence of our beliefs with each other and with our experiences,
as those experiences are themselves represented in our belief system — and not
correspondence with mind-independent or discourse-independent ’states of affairs‘”
([37], Chap. 3, page 49-50).

11 The genetic, the nurturance, the marital and the genealogical aspects of motherhood
are all fulfilled by a prototypical mother, but there are non-prototypical usages of the
word, e.g. ‘genetic’ mother, stepmother and so forth, that have nothing in common,
but seem to agree only with arbitrarily selected aspects of this list.



language can be used to talk about itself in the same sentence. For example,
negation can mean to deny the truth of either a whole cognitive model, or of
its fore- or background conditions. It is only apparent from the communication
context in which way negation must be interpreted.

It is this context dependence of meaning in natural language that makes it
flexible as a tool for human communication, but does not render it an appropri-
ate tool for constraining semantic interpretations in a context-free setting. This
is I guess what is really meant by saying that human language is ‘imprecise’,
whereas formal logic is ‘precise’. Negation in logic has one and only one inter-
pretation, because its syntactic and semantic rules are explicit. So it seems that
formal languages are necessary to restrict interpretations effectively in context-
free communication environments. But does this mean that formal theories are
also sufficient for coordinating interpretations?

3.3 The Argument of Unintended Semantic Domains

One might think that ambiguity of language interpretation may be a problem
only for natural languages. But as I will show in the next two subsections, the
problem exists for natural as well as for formal languages. Therefore semantic
heterogeneity problems can always be found in both, and, as a surprising con-
sequence, formalisms alone turn out to be an inadequate means to solve these
problems. It becomes apparent that the symbol grounding problem [6] is a very
essential constraint for all languages, which implies deep practical problems, be-
cause meaning — understood in terms of semantic interpretation of symbols by
humans — is not conveyable in any language alone.

The first argument is concerned with the identification of what is called a
‘domain of interpretation’ in model theoretic semantics, that is a set in terms
of which the symbols of a formal language are being interpreted. In first-order
logic (FOL), a signature is a set of constant, predicate, and function symbols.
Together with the syntactic rules of FOL it gives rise to a language (the set
of well-formed formulas, or sentences). Now, in ‘model theoretic semantics’, to
interpret a signature, sometimes called ‘a structure’ of the signature, means

1. to identify a concrete set (called ‘domain’, e.g. D), and
2. to associate each constant symbol with an element of D and each func-

tion/predicate symbol with a concrete n-ary relation/function in D.

Tarski’s model theoretic truth definition tells us when a given sentence is
true in this structure, in which case we can talk of the structure as a ‘model’
of the sentence. Model theory is almost exclusively about this second aspect of
a structure, that is it is assumed that D together with its concrete relations is
given, and we just look at those interpretations that preserve the asserted truth
of, i.e. satisfy, certain sets of sentences, called theories.

But what exactly is meant with the first aspect? What does it mean that a
concrete set ‘is given’? The problem is that meaning, as I described it in Sect.
2, is an interpretation of symbols into a very specific domain, namely into the



domain of our thoughts, experiences and mental operations. As we saw, this
domain is in no way ‘given’ in the sense that everyone has equal access to it.
Among model theorists, it is implicitly assumed that everyone knows what one
is talking about when talking about domains of interpretation. But this turns
out to be the real problem of semantics.

There is a method of making us aware of the personal mental domains we use
when we interpret signs. It makes use of the idea of analogical representations,
which are being discussed in the seminal works of Sloman [40] for artificial intel-
ligence and Palmer [41] for cognitive science. Sloman argues for the existence of
analogical representations including truth-values and even valid inference pro-
cedures: “Discovering the truth-value requires the application of semantic in-
terpretation procedures in investigating the world”[40]. The idea is that if we
investigate the world around us and if we interpet a visual sign, we always expe-
rience concrete relations between parts of (what Sloman calls) a “configuration”,
and these relations can be used to make valid statements and even inferences.
For example, look at Fig. 3: It is a visual configuration that represents 4 objects
ordered with respect to their tallness. We are immediately able to recognize an
order relation among the 4 objects: ‘Taller than’ is a fundamental mental op-
eration we are used to apply to spatial objects. Note that this operation has
logical properties, e.g. if a is taller than b and b is taller than c, a is also taller
than c (transitivity). Note also that there is only one way to order the objects
according to tallness, even though there is not any sign in this picture explicitly
describing the relation (it is a pure mental construction).

Figure 4 is a representation of the tallness relation by another ordering op-
eration, ‘longness‘. Note that this representation does not have widths anymore.
It is operationally poorer, but also less ambiguous. As ‘Longer than’ is very sim-
ilar to ‘Taller than’, this representation could also be called ‘iconic’. In Fig. 5,
‘Taller than’ is represented by ‘Points to’. Here, almost every iconicity is lost
(apart from the correspondent sequence of objects from left to right), but an
explicit sign for the relation ‘Taller than’ is present, the arrow. Figure 6 is actu-
ally a formal first-order theory representing tallness. There is only one mental
operation left, namely function application (I call it ‘Takes’), which has to be
constructed while reading the text. Every semantically relevant mental aspect
was explicitly converted to an atomic or constructible sign: the 4 objects and
their immediate tallness-neighbors are written down into 4 facts. All other facts,
e.g. that a is taller than d, can be deduced by applying the 5t̂h fact, the transi-
tivity axiom. As we see, all of these representations need mental operations, but
to a different degree, which makes them more or less flexible to represent other
mental operations. The most flexible one is of course 6, which Sloman calls a
Fregean representation: “A Fregean system has the advantage that the structure
(syntax) of the expressive medium need not constrain the variety of structures
of configurations which can be represented [...]”[40].

I would like to allude to a point which seems to have been overlooked by
both authors. The power of constraining the possible sign interpretations —
better: of reducing the potential mental domains of interpretation — increases



Fig. 3. Analogical representation of
‘Taller than’.

Fig. 4. Analogical representa-
tion of ‘Taller than’ by ‘Longer
than’.

Fig. 5. Analogical representation of
‘Taller than’ by ‘Points to’.

Fig. 6. Fregean representation
of ‘Taller than’.

dramatically from Fig. 6 to Figs. 3 and 4. There are two ways of applying a
mental order operation in 3 and just one way in 4. Because longness in Fig. 4 is
iconic to tallness, Fig. 4 is even able to hint at the correct interpretation. But
think about how many mental domains of ordering could be denoted by Fig. 6,
unless we already know that it is supposed to represent only ‘Tallness’? It could
be interpreted in terms of every domain with a partial order, that is, nearly
our whole universe of thought : natural numbers, real numbers, the incomes of
citizens, the distances of planets from the earth, etc.

Claim. Fregean representations, which are used in formal languages, are inher-
ently incapable of indicating their domains of interpretation, because they al-
ways allow for unintended domains. Thus they cannot be used as a method
to coordinate semantic interpretations with respect to domains of thought and
experience.

3.4 The Argument of Indistinguishability of Reference

Now that it is clear that formal (Fregean type) representations cannot indicate
their semantic domains: are they still capable of fixing the exact reference, that is
the intended correspondence of thoughts and symbols inside of a given domain?

The answer is in general no, and this is an important result of Hilary Put-
nam’s theorem stated in Reason, Truth and History ([37], pages 217–218):



“Let L be a language with predicates F1, F2, ..., Fk (not necessarily
monadic). Let I be an interpretation, in the sense of an assignment of an
intension to every predicate. Then if I is nontrivial in the sense that at
least one predicate has an extension which is neither empty nor universal
in at least one possible world, there exists a second interpretation J
which disagrees with I, but which makes the same sentences true in
every possible world as I does.”

Putnam basically says here that in model theoretic semantics, truth of a
sentence can always be maintained while its reference is changed : “No view which
only fixes the truth values of whole sentences can fix reference”[37]. If Putnam’s
result is correct, this means that there is always a second, different interpretation
of a given theory in terms of a given domain, no matter how precise or detailed
a theory is. No formal description will then be sufficient to determine reference
within model theory. This is Putnam’s main argument to reject model theory as
a theory of meaning, and to propose that semantic reference is ‘direct’ — not
‘indirectly’ fixed via descriptions of properties, but directly via acts of naming
(see also the discussion in Lakoff [21]).

The phenomenon is known in the ontology community under the name ‘un-
intended models’, mentioned already in Hayes’ early account of ontologies in [4]:
“Indeed, no formal operations, no matter how complex, can ever ensure that to-
kens denote any particular kinds of entity”[4], and also in Guarino’s foundational
paper [15].

But the considerable epistemic trouble with this insight is that there is no
way of fixing reference within a language. Take for example the notion reference
itself. Is it possible to fix reference by precisely describing it in a language? There
have been actually many attempts like this, e.g. defining x refers to y if and only
if x bears R to y, where R would be a relation that characterizes the reference
relation. But such a theory would have to characterize R by another collection
of sentences. By Putnam’s theorem, these sentences will still allow many models
for R, so there is inevitable indeterminacy again.

To see the practical consequence of Putnam’s theorem, let us look at a well
known example from measurement theory. As Suppes points out in [42], mea-
surement scales are maps from some observable structure (qualities in some ter-
minologies) to a set of symbols. Measurement theory describes formal properties
for such a reference map, namely scale types. But scale types do not disam-
biguate scales themselves. Individual scales, e.g. the ‘meter’ length scale, are
not uniquely determined by their formal structure. This is called the uniqueness
problem of measurement [42]. And it is the reason why measurement standards,
like units of measurement, are necessary in order to fix the degrees of freedom,
and in order to interpret the scale in the intended way.

In the case of our globe example from Sect. 2, the reason why Putnam’s dev-
astating result does not affect the interpretations of the database query, is that
those interpretations are — very similarly — related by a geodetic datum for a
spatial reference frame, e.g. an ellipsoid. A geodetic datum for the positions on a
Bessel ellipsoid consists for example of a named spot on the earth’s surface like



‘Rauenberg’ near Berlin (Potsdam Datum), and a standard position and orien-
tation for the ellipsoid. All of these have to be physically realized by appropriate
observations and operations.

4 Grounding Data as a Way of Coordinating its Semantic
Interpretation

We have seen that the solution is neither contained in natural science, nor nat-
ural language descriptions, nor formal theories. I suggest that the only way of
fixing and relating semantic interpretations is through a process called ‘ground-
ing’. This process will involve reference to the human body and his ‘Gestalt’
perception of the environment, but also competences of collective naming and
ostension. Looking at our example from Sect. 2, we suggest that the competence
of relating individual interpretations seems to lie in a collective competence of
humans that has at least three parts:

1. the competence of (mutually) referring to collective and reproducible sensory-
motor experience,

2. the competence of establishing a common ‘observation language’ about it (a
language of empirical facts in the sense of Quine’s ‘observation sentences’)

3. and the competence of expressing ambiguous symbols in terms of these ob-
servational primitives.

The first and the second competence together e.g. enable the person with the
globe and the person in Paris to refer to the same object, like e.g the ‘Eiffel
Tower’, and to refer to orientation concepts like ‘north of’, as well as to mea-
surement standards. The third competence enables the person with the globe to
‘ground’ complex reference frames, like e.g. an ellipsoid or the globe, and thus to
interpret complex calculations as operations on the experienced earth surface.
For example, two points on a longitudinal circle on the globe can be interpreted
in terms of the ‘north of’ relation. This third competence involves exactly the
idea of ‘semantic reference systems’, that were first described by Werner Kuhn
[43].

We could say that the competence of humans to coordinate interpretations of
a symbol is given by operationalizing that symbol, that is, to say what it means
in terms of mental or physical operations. But this view should not be reduced
to a naive operationalism, which tries to restrict the meaning of every word to
concrete instances of physical operations, which are often subject to change and
non-repeatability. From the discussion above, it should also be clear that there
is no computable strategy for deciding about the correspondence of operations
and symbols, since it would again run into the symbol grounding problem.

Our view involves the establishment of a primitive operational language
about observation as a social fact, and it therefore needs the social re-construction
of observation symbols by the act of pointing to something others can repeat-
ably observe as well. It is this mutual act of focusing the attention to sensors



and experiences in a group of people which gives rise to the coordination of in-
terpretation in that group. Once such coordination is achieved for a small set of
symbols, other symbols can be related to this language by saying what it means
operationally in that language. It is just about what Quine called the ‘edges
of our web of beliefs which impinge on experience‘ or ‘observation sentences’,
which are the basis for a method of grounding. Whether the web of knowledge
as a whole is correspondent or not between humans is not in the focus and
not required for this method. Also, it will not have to draw heavily on natural
language with its multitude of usages and ambiguous notions, because it can
introduce new symbols. And as the establishment of social facts needs clear and
established methods of construction, symbol usage, and inference, a formal lan-
guage is obligatory. But such formal theories do not determine interpretation,
they are more an inductive consequence of a previously established way of using
and interpreting the symbols.

I have given an example for such a formal observation theory based on Gib-
son’s meaningful environment [44] and a generalized account of a ‘sensor’ in [45].
It can be used to define geographic data categories, like e.g. water depth and road
networks, in terms of collectively observable primitives, like sensory-motor affor-
dances, the surface layout of the environment, and its perceivable geometry. The
theory is currently under development and is intended to be applied to diverse
semantic domains of geographic information.
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