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Abstract 1 

According to meaning holism, the meanings of all 2 
the words in a language are interdependent. If this 3 
was true, then the very practice of building largely 4 
interconnected set of ontologies would be threat-5 
ened. We examine here the extent of the severity of 6 
meaning holism for ontology engineering, based on 7 
a definition of the meaning of a class term in an on-8 
tology, with regard to the classical analytic/synthetic 9 
distinction. We show that meaning holism is not as 10 
pervasive in ontologies as traditionally assumed in 11 
philosophy of language when interpreting the mean-12 
ing of a class term as a collection of statements ex-13 
pressing necessary conditions on this term. Still, 14 
meaning holism presents substantial challenges for 15 
ontology engineering and requires mitigation strate-16 
gies. We also investigate the related phenomenon of 17 
indeterminacy of reference and show how anchoring 18 
formal ontologies in natural language can mitigate 19 
this problem, even if not fully control it. 20 

1 Introduction* 21 

Ontologies aim to facilitate semantic interoperability, ena-22 
bling agents to share the meanings of the terms they use. 23 
Quine [1980] has discussed “meaning holism”, defined in the 24 
Stanford Encyclopedia of Philosophy as follows [Jackman, 25 
2020]: 26 
 27 

(H) “The determinants of the meanings of our terms are 28 
interconnected in a way that leads a change in the meaning 29 
of any single term to produce a change in the meanings of 30 
each of the rest.” 31 

 32 
If meaning holism were as severe as formulated above, 33 

then adding any new term or altering the meaning of any ex-34 
isting term within an ontology would change the meanings of 35 
all terms within the ontology. Thus, it would pose a very sig-36 
nificant obstacle to the practical and sound use of ontologies. 37 

                                                
* This paper is an extended abstract of an article presented at FOIS 
2024 [Barton et al., 2024] 

Vindicating the common practice of developing evolving, in-38 
terconnected ontologies requires to analyze the real extent of 39 
the issue of meaning holism.  40 

This raises two critical questions that this paper will ad-41 
dress: First, how can we define meaning in applied ontolo-42 
gies? Second, what is the extent of meaning holism in ontol-43 
ogies, compared to its characterization in (H)? 44 

2 Philosophy of Language, Meaning and Ref-45 

erence 46 

A phenomenon linked to meaning holism, and also challeng-47 
ing for the field of ontologies, is known as the “indeterminacy 48 
of reference”, famously articulated by Quine [2013] by the 49 
“Gavagai” thought experiment. In a nutshell, various assign-50 
ments of references to words are compatible with the empiri-51 
cal evidence about the behavior of speakers of a language. 52 
The interconnectedness of meanings within language is a 53 
cause of both meaning holism and indeterminacy of refer-54 
ence. 55 

Throughout Western philosophy, there has been consider-56 
able interest in the distinction between analytic and synthetic 57 
statements, dating back to Kant [1998]. An analytic statement 58 
is one whose truth is determined purely by the meanings of 59 
its terms, e.g. “Bachelors are unmarried men.” A synthetic 60 
statement, on the other hand, is one whose truth or falsity is 61 
determined not solely by the meanings of its terms, e.g. 62 
“Bachelors are happy.” This semantic distinction should be 63 
contrasted with the epistemological distinction between a pri-64 
ori statements (those justifiable independently of experience) 65 
and a posteriori statements. In this paper, we will only con-66 
sider analytic statements that are a priori and synthetic state-67 
ments that are a posteriori. 68 

Although the notion of analyticity has been famously crit-69 
icized by Quine [1980], Neuhaus and Hastings [2022] sug-70 
gest that analyticity lies at the core of ontology development. 71 
This perspective is to be contrasted to claims such as: “On-72 
tology is concerned with representing the results of science at 73 
the level of general theory (the generalizations and laws of 74 
science)” [Arp et al., 2015], which advocate for ontology to 75 
reflect our best scientific knowledge of the world. 76 
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Guarino et al. [2009] compare extensional and intensional 77 
accounts of meaning and identify Carnapian “meaning pos-78 
tulates” with the axioms of an ontology. If one believes in the 79 
analytic/synthetic distinction, though, not every axiom 80 
should be seen as an expression of meaning. 81 

The OBO Foundry introduces two annotation properties 82 
aimed at capturing meaning: “Definition” (IAO_0000115) 83 
and “Elucidation” (IAO_0000600). 84 

In OWL, we could envision generalizing such annotation 85 
properties in order to tag statements as analytic or synthetic. 86 
To borrow a famous example by Quine [1980], suppose that 87 
we define stipulatively the term “VH” in an OWL ontology 88 
as a “Vertebrate with a heart”, and state that it was found that, 89 
as a matter of fact, in our world, VHs are exactly the verte-90 
brates with a kidney. Then we might introduce the two fol-91 
lowing statements, the first one being tagged analytic and the 92 
second one as synthetic: 93 

(AXH) VH EquivalentTo (Vertebrate and has_part some Heart) 94 
(AXK) VH EquivalentTo (Vertebrate and has_part some Kidney) 95 
On the opposite, if one would want to define VH as a “Ver-96 

tebrate with a kidney” and express that as a matter of fact, the 97 
VHs are exactly the vertebrates with a heart, one would tag 98 
AXH as synthetic and AXK as analytic. 99 

Note that analytic and synthetic statements do not play the 100 
same role when using ontologies to make judgment of instan-101 
tiations: analytic statements effectively constrain the refer-102 
ence of a term, whereas synthetic statement express a regu-103 
larity that is contingent upon how the world is. If AXH is 104 
tagged as analytic and AXK as synthetic, then the reference 105 
of “VH” is the class of vertebrate with a heart. One might take 106 
the risk to classify a particular organism with a kidney as an 107 
instance of VH on the basis of AXK, but one might be wrong, 108 
since synthetic axioms express empirical and thus falsifiable 109 
knowledge. Thus, synthetic statements can merely act as heu-110 
ristic devices when making judgments of instantiation. This 111 
role difference between analytic and synthetic statements can 112 
provide a rationale for labeling statements as either analytic 113 
or synthetic in ontological engineering, a practice that seems 114 
to be currently uncommon or even entirely absent to our 115 
knowledge. 116 

3 Definitions, Primitiveness and Circularity 117 

An ontology introduces terms and statements in both natural 118 
and formal languages [Neuhaus, 2018]. For instance, in 119 
OWL 2, the formal language used is the description logic 120 
SROIQ(D) [Horrocks et al., 2006]. In this paper, we concen-121 
trate on terms that refer to a class (by contrast to a relation or 122 
a particular). OWL class terms are IRIs, to which natural lan-123 
guage labels can be associated. Additionally, they can be 124 
linked with natural language statements through annotation 125 
properties, and appear within axioms in description logic. 126 

The meaning specification (abbreviated “meaning” in the 127 
remainder of this paper) of each class term is constituted by 128 
some of those statements. We will distinguish between the 129 
“formal” meaning of a term, expressed by formal statements, 130 
and the “natural language” meaning of a term, conveyed 131 
through natural language statements. We will concentrate in 132 
this paper on the former; note however that natural language 133 

might be an integral, indispensable part of an ontology, as ar-134 
gued by Neuhaus and Smith [2008]: an ontology in which the 135 
correspondence between formal terms and natural language 136 
would be totally severed would likely be impossible to un-137 
derstand by anyone. 138 

In a first conception, the meaning of a term is identified by 139 
its definition, which is an analytic formal or natural language 140 
statement expressing a necessary and sufficient condition 141 
(NSC, the definiens) for the term (the definiendum) that does 142 
not mention the definiendum.  143 

In practice, both natural language definitions and formal 144 
definitions can be found within an ontology. In OWL, defini-145 
tions take the form of an axiom ‘A EquivalentTo Expr’ 146 
(where Expr is an anonymous class that does not mention A) 147 
– but not all such axioms are definitions, as illustrated by the 148 
example of synthetic axioms such as AXK above: they might 149 
express a coincidence between two classes that is due to nat-150 
ural regularities. 151 

When constructing formal definitions within ontologies, 152 
terms are used to define other terms, and these defining terms 153 
may themselves be formally defined using additional terms. 154 
At some level, this process must lead to one of the following 155 
scenarios: circularity (that is: the formal definition of the term 156 
t0 uses a term t1 whose definition uses a term t2 … whose def-157 
inition uses this term t0); primitiveness, when there is no NSC 158 
formal statement associated with some terms in the ontology; 159 
or a combination of both. 160 

To illustrate, consider the OWL ontology O1 in Table 1 in-161 
volving both primitiveness and circularity. First, F_004 and 162 
R_005 are primitive. Second, F_002 is defined in terms of 163 
F_003, and F_003 is defined in terms of F_002; thus, their 164 
definitions are circular. As we shall see, both cases of primi-165 
tivity and circularity present challenges regarding the inde-166 
terminacy of reference within ontologies. 167 

 168 
Term Label Natural Language 

Definition 
Formal Definition 

F_002 Chair “A chair is an entity 
in which inheres a 
chair function.” 

F_002 EquivalentTo 
(R_005-1 some F_003) 

F_003 Chair 
function 

“A chair function is a 
function that inheres 
in a chair.” 

F_003 EquivalentTo 
[F_004 and (R_005 
some F_002)] 

F_004 Function Primitive Primitive 
R_005 inheres in Primitive Primitive 

 169 
Table 1: Terms, labels and definitions in the ontology O1 170 

4 Indeterminacy of Reference 171 

When considering solely the formal statements within a the-172 
ory, numerous interpretations of primitive terms within an 173 
ontology can arise. For instance, even if a singular interpre-174 
tation of the primitive terms R_005 and F_004 is assumed in 175 
the ontology O1, it can have several models. For example, 176 
within a BFO-inspired ontology, F_002 and F_003 could be 177 
interpreted as the classes Table and Table function, Chair and 178 
Chair function, Door and Door function, and so forth.  179 
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Thus, one cannot ascertain whether two ontology users re-180 
fer to the same portion of reality, even when they use the 181 
same language and endorse the same theory. In other words, 182 
two individuals might accept identical statements and conse-183 
quently delineate reality in isomorphic ways, yet there may 184 
still be discrepancies in their references: certain terms may 185 
denote distinct portions of reality based on their interpreta-186 
tions, which could vary slightly or significantly. 187 

The indeterminacy can be partially alleviated by linking 188 
our ontological language to natural language through natural 189 
language definitions (see also Neuhaus and Hastings [2022] 190 
for considerations on the importance of natural language in 191 
ontologies). However, if one follows Quine, natural lan-192 
guages themselves are vulnerable to the problem of indeter-193 
minacy of reference. Consequently, the indeterminacy of ref-194 
erence in natural language will contaminate the ontological 195 
language. 196 

Overall, the indeterminacy of reference permeates all lan-197 
guages, including ontological ones. This uncertainty persists 198 
even when agents employ perfectly identical ontological 199 
statements, making it unclear whether they are referring to 200 
the same reality using the same terms. At best we can mitigate 201 
this phenomenon by providing well-chosen additional state-202 
ments, without certainty that we can fully control it. 203 

5 Meaning Holism 204 

Not all class terms in an ontology have definitions: in some 205 
ontologies, some terms are characterized by a set of necessary 206 
conditions [NC] without any necessary and sufficient condi-207 
tion [NSC] providing a formal or natural language definition. 208 

Assume that the analytic/synthetic distinction is valid, 209 
pace Quine. We define the analytic formal theory of the on-210 
tology as the collection of statements tagged as analytic in the 211 
formal theory of the ontology (it is thus a fiat decision of the 212 
ontology creator which statements are analytic). We can then 213 
consider the deductive closure of this theory, namely, the col-214 
lection of statements that can be deductively inferred from 215 
them using the underlying logic. Given the definition of ana-216 
lyticity, any statement in the deductive closure of the analytic 217 
theory is also analytic. 218 

We base our account on the idea that the meaning of a class 219 
term A is constituted by a subset of statements in this deduc-220 
tive closure, namely the general analytic statements concern-221 
ing A – statements that apply to any instances of A, i.e., by 222 
necessary analytic conditions on that class term. 223 

An additional restriction must be made though. To take an 224 
OWL ontology as example, tautologies such as ‘A SubClas-225 
sOf (B or not-B)’ or ‘A SubClassOf (A or B)’ should not be 226 
part of the meaning of A. Also, if ‘A SubClassOf C’ is part 227 
of the meaning of A, then ‘A SubClassOf (C and 228 
(B or not B))’ should not be part of the meaning of A, as it is 229 
tautologically equivalent to ‘A SubClassOf C’. Therefore, we 230 
restrict the formal meaning of a class term to axioms that have 231 
undergone a process of tautology elimination: 232 

 233 
(MEAN) The formal meaning of a class term in an ontol-234 
ogy O is the collection of axioms expressing NC (including 235 

NSC) on this term entailed by O’s analytic theory after a 236 
process of tautology elimination. 237 
 238 
In particular, this can be operationalized in OWL: 239 

 240 
(MEANOWL) The formal meaning of a class term A in an 241 
OWL ontology O is the collection of axioms of the form 242 
‘A SubClassOf Expr’ and ‘A EquivalentTo Expr’ (where 243 
Expr is a named or anonymous class) entailed by O’s ana-244 
lytic theory after a process of tautology elimination. 245 
 246 
Let’s now illustrate meaning holism with an example. Con-247 

sider an initial theory containing only the analytic statement 248 
AXH. Suppose now that we modify the meaning of Vertebrate 249 
by adding the following analytic axiom: ‘Vertebrate Sub-250 
ClassOf Animal’. As a result, the deductive closure of the 251 
new analytic theory will now include the theorem ‘VH Sub-252 
ClassOf (Animal and has_part some Heart)’ and thus, the 253 
meaning of VH is changed. Hence, adopting MEAN implies 254 
that the meanings of certain terms in an ontology are inter-255 
connected, as explained by meaning holism. As we will see, 256 
however, meaning holism is not as pervasive as claimed 257 
by HOL. 258 

Let’s examine the OWL ontology made of the following 259 
analytic axioms (based on [Jackman, 2020]): 260 

 261 
(AX1) Squirrel SubClassOf Animal 262 
(AX2) Koala SubClassOf Animal 263 
(AX3) Black_squirrel SubClassOf Squirrel 264 
 265 
This example shows that meaning holism does not operate 266 

as systematically as stated by (H) when we endorse      267 
MEANOWL. Let’s start with an analytic theory limited to AX1. 268 
When adding AX2 or AX3 to the theory, no NC on Squirrel is 269 
added to the deductive closure of the theory. Thus, the mean-270 
ing of Squirrel remains unchanged. 271 

Therefore, meaning holism is not as systematic as claimed 272 
in (H) when one adopts MEAN within formal ontologies: the 273 
meanings of some terms can be changed without altering the 274 
meaning of some other terms.  275 

In cases where an axiom of the form ‘A SubClassOf Expr’ 276 
or ‘A EquivalentTo Expr’ belongs to the meaning of A and B 277 
appears in Expr, we will say that the meaning of A depends 278 
on the meaning of B. 279 

In this conception, the meaning of a term is determined by 280 
its necessary conditions, while changes or additions of suffi-281 
cient conditions generally do not alter the meanings of other 282 
terms (e.g. adding ‘A SubClassOf B’ to the ontology’s ana-283 
lytic theory generally does not change the meaning of B). 284 
However, there are some clarifications and caveats to con-285 
sider. 286 

First, this does not preclude cases where the meaning of a 287 
class depends on one of its subclasses. For example, in an 288 
ontology with the following axioms: 289 
 290 

 (AX4) A SubClassOf B 291 
 (AX5) B SubClassOf (R some A) 292 
 293 
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the meaning of B depends on the meaning of A due to AX5 294 
(but not in virtue of AX4)- 295 

Secondly, necessary conditions on a class can impose nec-296 
essary conditions on another class that is not a subclass of it. 297 
For instance, if the analytic axiom ‘A SubClassOf not-B’ (in-298 
dicating that A and B are disjoint) is added to the theory, then 299 
the equivalent statement ‘B SubClassOf not-A’ appears in the 300 
deductive closure of the theory, and thus the meaning of B 301 
according to MEAN has been changed. Additionally, if class 302 
A is covered by the class ‘C or D’ (i.e., ‘A SubClas-303 
sOf (C or D)’ is in the analytic theory) and the axioms 304 
‘C SubClassOf Expr’ and ‘D SubClassOf Expr’ are added, 305 
then the axiom ‘A SubClassOf Expr’ is added in the deduc-306 
tive closure of the theory, altering the meaning of A. 307 

5 Discussion and Conclusion 308 

To summarize, the problem of indeterminacy of reference 309 
pervades any language, including ontological ones, marked 310 
by circular definitions or primitive terms, leading to the pos-311 
sibility of unintended interpretations. It can be alleviated, 312 
though arguably not fully controlled, by incorporating care-313 
fully selected additional statements, formal or natural.  314 

Analytic statements effectively constrain the reference of 315 
terms, whereas synthetic statements can be used at most as 316 
heuristic tools for judgments of instantiation: this motivates 317 
the introduction of the analytic/synthetic distinction into on-318 
tological engineering, a practice largely overlooked today. 319 

Meaning holism as classically formulated in (H) would 320 
make the practice of ontological engineering nearly impossi-321 
ble. Fortunately, one can devise a reasonable, restricted the-322 
ory of meaning, namely the top-down conception MEAN, 323 
which fits well with the consideration of ontologies as char-324 
acterizing what is general in the world, and limits meaning 325 
holism. Moreover, it can be operationalized in OWL. 326 

An open question is whether MEAN is still a too large con-327 
ception of meaning and should be further restricted. Consider 328 
the OWL axiom ‘A SubClassOf (R only B)’, which would be, 329 
according to MEAN, part of the meaning of A. Intuitively, 330 
this axiom does not constrain all instances of A, but only the 331 
instances of A that are in relation R with something - namely, 332 
it states that this something must be a B. Thus, it is logically 333 
equivalent to: ‘(A and (R some Thing)) SubClassOf 334 
(R only B)’. Such axioms might have to be excluded from the 335 
meaning of A, and instead assigned to the meaning of any 336 
named class equivalent to (A and (R some Thing)). 337 

Note that if we refuse the analytic/synthetic distinction, we 338 
could introduce the notion of “inferential role” as an opera-339 
tional proxy for meaning as the collection of formal state-340 
ments expressing NCs on a term, after a process of tautology 341 
elimination, within the deductive closure of O’s whole the-342 
ory, including both analytic and synthetic statements (rather 343 
than within the deductive closure of O's analytic theory). This 344 
might be a good proxy for meaning if statements in an ontol-345 
ogy are mostly analytic in nature, as suggested by Neuhaus 346 
and Hastings [2022] or as seemingly implicitly assumed by 347 
Guarino et al. [2009]. 348 

While MEAN limits meaning holism, any change of mean-349 
ing of a term B might change the meaning of the terms whose 350 

meaning depend on B. This phenomenon is not enough con-351 
trolled in the current practice of applied ontology using inter-352 
connected ontologies. One must be cautious not to alter the 353 
meaning of class terms by introducing or changing analytic 354 
necessary conditions—neither directly nor indirectly through 355 
disjunction axioms or axioms subclassing mutually covering 356 
classes. This holds for class terms that one did not author (as 357 
one might not have the same reference as the authors of the 358 
term [Fabry et al., 2023]), or on class terms that one did au-359 
thor but have already been made public and thus might have 360 
been reused by someone else. In such a case, alternative strat-361 
egies should be used, such as the introduction of a new term 362 
or suggesting changes to the author of the term. Future work 363 
will focus on developing a rigorously structured versioning 364 
system for terms to address this aspect of holism. 365 

MEAN specifically applies to class terms. In OWL, one 366 
might consider adapting it to object property terms by con-367 
sidering the axioms in the R-Box, but the only axioms in the 368 
R-Box in SROIQ(D) are purely taxonomic axioms (using 369 
SubPropertyOf), domain/range axioms and axioms describ-370 
ing properties such as symmetry, irreflexivity, inverse prop-371 
erty, etc. – which only very partially characterize relations. 372 
Therefore, further research is needed to delve deeper into the 373 
question of the meaning of object property terms in OWL and 374 
more generally of relation terms. 375 

This analysis should also investigate the import of natural 376 
language statements in constraining ontologies. The analysis 377 
presented here should be operationalized in ontologies writ-378 
ten in other languages than OWL, such as FOL or CLIF. Fu-379 
ture work should also analyze further the analytic/synthetic 380 
distinction in ontology engineering (as initiated by Barton et 381 
al. [2025] in a framework of possible world semantics), the 382 
adoption or rejection of which would have consequences on 383 
whether a conception of meaning like MEAN should be used, 384 
or instead an operational substitute like the inferential role. 385 
The status of OntoClean [Guarino and Welty, 2009] metap-386 
roperties in determining the meaning of classes terms should 387 
be analyzed. The phenomena of indeterminacy of reference 388 
and meaning holism could also be analyzed in more formal 389 
frameworks of the nature of ontologies (e.g. considering that 390 
classes terms are associated to intensions [Guarino et al., 391 
2009], namely functions that associate to each possible world 392 
a portion of reality in this world; or identifying meanings with 393 
collections of propositions as proposed by Neuhaus [2018], 394 
rather than as collections of statements). Future work should 395 
also control other aspects that complicate the connection be-396 
tween meaning and reference, such as the possibility of mak-397 
ing errors when expressing the meaning of a term in regard 398 
of its intended reference (as analyzed by Fabry et al. [2023]). 399 
Finally, the import of those issues for the Semantic Web 400 
should be analyzed: is such an endeavor possible at all given 401 
meaning holism? 402 

403 
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