Chapter 2

Linguistic and Cognitive Evidence About
Anaphora
Massimo Poesio

Linguistics and psychology provide us with a theoretical analysis of what anaphoric
expressions mean, and evidence about how their interpretation is recovered in
context–in particular, which information is used. In this chapter we discuss this evidence.

2.1 The Linguistics of Anaphora
2.1.1 Context Dependence
The interpretation of many natural language expressions depends on the context
of interpretation; in particular, the interpretation of many noun phrases depends on
the entities mentioned in the linguistic context–the previous utterances and their
content. Such dependency on the entities in the linguistic context is particularly
obvious in the case of pronouns, whose interpretation entirely depends on them, as
illustrated by the following dialogue fragment from the TRAINS dialogues [61]. In
this example, the very same expression, personal pronoun it, is interpreted in totally
different ways in utterances 3.1 (where it refers to engine E2) and 5.4 (where it refers
to engine E1). Demonstrative pronouns as well may depend on entities introduced
in the linguistic context, as illustrated by demonstrative that in 4.3. We will use the
term anaphoric to indicate expressions that depend on the linguistic context, i.e., on
objects explicitly mentioned or objects whose existence can be inferred from what
has been said.
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1.1 M : all right system
1.2 : we’ve got a more complicated problem
1.4 : first thing I’d like you to do
1.5 : is send engine E2 off with a boxcar to Corning
to pick up oranges
1.6 : uh as soon as possible
2.1 S : okay
3.1 M : and while it’s there it should pick up the tanker
4.1 S : okay
4.2 : and that can get
4.3 : we can get that done by three
5.1 M : good
5.3 : can we please send engine E1 over to Dansville
to pick up a boxcar
5.4 : and then send it right back to Avon
6.1 S : okay
6.2 : it’ll get back to Avon at 6

But pronouns are not the only noun phrases whose interpretation depends on the
entities in the context. (2.1) also contains the definite NP the tanker in 3.1, whose
interpretation depends on the visual context, which in the TRAINS dialogues is a
map of the ’TRAINS world’ shared between the partecipants. The tanker has not
been mentioned before, but it’s on this map, and therefore it is shared and has high
salience and can be referred to [22]; this type of context dependence is usually called
(visual) deixis.1 Such examples illustrate the fact that the noun phrases in these examples are better viewed as depending on what is usually called the discourse situation or utterance situation [7], that includes both the linguistic context and the
surroundings in which the participants operate.2 Following the terminology of Discourse Representation Theory (DRT) [76], we will call the set of entities introduced
in the discourse situation U, for ‘Universe of Discourse’. There is plenty of work in
CL on interpreting references to the visual context [99, 100, 9, 85, 81], but this work
falls outside the scope of this book, in which we will focus on anaphora.
More in general, the interpretation of noun phrases depends on the domain of interpretation: the particular set of objects under discussion. Indeed, under the most
widely accepted theory about their meaning [84], the interpretation of proper names
only depends on the domain of interpretation, because proper names are directly referring: they are the natural language encoding of logical constants, and therefore
the object they are referring to is directly encoded in their semantics (as opposed
to being recovered from the discourse situation). Under this view, the process of
interpreting proper names would be completely different from that of interpreting
pronouns and nominals. The interpretation of the second mention of Avon in (2.1),
for instance, would not be obtained by finding an antecedent in the discourse situa1

Visual deixis is a type of exophora, but this term is not much used in CL.
There are some constraints on what can be referred to in this way [120]; see below for a discussion
of visual focus.
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tion, but it would come straight from the lexical semantics of proper name Avon–or,
more plausibly, through a pragmatic process of identifying the appropriate domain
of interpretation, and the object referred to within that domain. (For instance, the
proper name David Mitchell in (2.2a) refers to a different object than the proper
name David Mitchell in (2.2b).)
(2.2) a. David Mitchell (born 12 January 1969) is an English novelist. He has written four novels, two of which were shortlisted for the Booker Prize.
b. David Mitchell (born 14 July 1974) is a British actor, comedian and writer.
He is one half of the comedy duo Mitchell and Webb, alongside Robert
Webb, whom he met at Cambridge University.
The conclusion that the two instances of proper name Avon are mentions of the same
object would be obtained indirectly, through the fact that they both refer to the same
object: it would be a genuine ’coreference’ task.
There is plenty of work in CL on disambiguating direct references to the domain
of interpretation, particularly now that Wikipedia provides unique identifiers for
many objects–e.g., the two interpretations of David Mitchell above correspond to
different Wikipedia pages [13, 27]– but this work, as well, falls outside the scope of
this book, and even CL systems concentrating on identifying links between named
entities do not identify coreference indirectly through the reference of proper names,
whereas systems that attempt to interpret all noun phrases still need to model the
context-modifying effect of proper names as they make antecedents available for
pronouns and nominals.3
The choice of the domain of interpretation also affects the interpretation of nominals by fixing their domain of quantification–the set of objects of the type specified
by the nominal complex which are included in the domain of interpretation [97, 24].
For instance, what makes the use of definite NP the tanker in (2.1) felicitous is the
fact that the domain of quantification of nominal tanker consists of a single object
(in the TRAINS dialogues the domain of interpretation coincides with the visual context).4 The domain of quantification can also be specified by the linguistic context.
In the following example, the expression most employees is evaluated with respect
to the firm mentioned in the first sentence, whereas the management is interpreted
as the management of the firm.
(2.3)

Kim worked for three years in a large firm. Most employees were friendly,
but the management was very distant.

However, we are not aware of much work on identifying the domain of quantification of a nominal apart from [99, 100].

3

We will also note that the direct reference theory of proper names is being challenged again [43].
Readers may have noticed that the interpretation of expressions like tanker is ‘context dependent’
also in the sense that it depends on the sense of the word tanker intended in the circumstances of
utterance. We will not be concerned here with this sense of context dependence, but only with
expressions that are context dependent in that their interpretation depends on the entities contained
in universe of discourse U.
4
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2.1.2 Types of context-dependent expressions
Nominals are not the only expressions whose interpretation is dependent on the linguistic or visual context in the sense above. Other examples include expressions that
could be viewed as the analogous for the verbal interpretation domain of pronouns,
such as pro-verbs like did in (2.4a) and ellipsis such as gapping in (2.4b). But just
as pronouns are only the most extreme example of context-dependence among nominals, full verbal expressions have a context-dependent component as well. In (2.4c),
for instance, the time of listening to the messages is pragmatically determined by
the discourse [96, 30, 76].
(2.4) a. Kim is making the same mistakes that I did.
b. Kim brought the wine, and Robin the cheese.
c. Kim arrived home. She listened to the messages on her answering machine.
A great deal of interest was paid to ellipsis in the early years of computational
linguistics [137, 135, 28] but modern corpus-based work on the interpretation of
anaphoric expressions in computational linguistics (and psycholinguistics) tends to
focus on the identification of the antecedents of nominal expressions, primarily because of the lack of annotated resources for studying other types of anaphora.5 For
this reason, we will concentrate on nominal anaphoric expressions in this chapter.
Noun phrases can play four main types of semantic function:
Referring Following the terminology used in functional linguistics and natural
language generation, we will use the term referring noun phrases to indicate
noun phrases that introduce new entities in a discourse, or require a link to
previously introduced entities. Examples include sentences like A train arrived
soon after, where A train introduces a new discourse entity; or It left immediately, where it refers to a previously introduced entity. We discuss referring noun
phrases and their semantics in greater detail below.6
Quantificational Quantificational noun phrases denote relations between the set
of objects denoted by the nominal complex and the set of objects denoted by the
verbal phrase: e.g., in Few trains arrived in time, the quantificational noun phrase
few trains expresses a relation between the set of trains and the set of objects
arriving late–namely, that few of the members of the first set are members of the
second set as well:
few(λ x.train(x),λ x.arrive-late(x))
Predicative Predicative noun phrases express properties of objects. For instance,
in Kim is a preacher, the noun phrase a preacher expresses a property of Kim (as
opposed to referring to a second object).
5 A notable exception is the work by Hardt, e.g., [60]. Also, the presence of a VP ellipsis detection
and resolution task at SEMEVAL-2010 indicates a renewed interest.
6 This sense of ’referring noun phrase’ is clearly distinct from the sense in which the term ’referring’ is used in the philosophical and semantics literature.
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Expletive In languages like English, where verbal arguments always have be filled
on syntactic grounds, forms like it and there can also be used to express semantically vacuous expletives as well as pronouns, as in example (2.5).
(2.5)

It is half past two.

One should keep in mind that these distinctions are not always easy to make, even
for humans [109, 104]. For instance, pronoun it in utterance 37.7 in fragment (2.6),
also from the TRAINS dialogues, could be interpreted either as an expletive or as a
reference to the proposed action of ’going through Dansville’.

(2.6)

37.1 M : um
[5sec]
37.2 : oh kay
37.3 : um
37.4 : ... then I guess we might as well go through Dansville
37.5 : so
37.6 : th / dz / cn / dyou /
37.7 : does it seem like a reasonable alternative to
37.8 : dealing with the engine that’s hanging out in Elmira

An example of difficulty in classifying a noun phrase as predicative or referring is
the underlined NP in (2.7), which would seem to be coreferring with Mr. Hoffman,
yet appears to be playing more of a predicative role.
(2.7)

Mr. Lieber, the actor who plays Mr. Hoffman, says he was concerned at
first that the script would ”misrepresent an astute political mind, one that I
admired,” but that his concerns were allayed.
The producers, he says, did a good job of depicting someone ”who had
done so much, but who was also a manic-depressive.”

Finally, whether a noun phrase is considered referring or quantificational is often a
matter of the particular theory chosen: for instance, in some theories all nominals are
considered quantifiers, wheres in DRT and other theories, definites and indefinites
are considered of a different type from other nominals.
Predicative noun phrases usually depend less on the universe of discourse U than
other types of nominals (although they can depend on context in other respects of
course). Thus, our interest in predicative NPs in this book will be limited to the
fact that as many types of noun phrases can be used referentially in some contexts
and predicatively in others, an anaphora resolution system must distinguish between
the two types of NPs, hence the distinction must be reflected in anaphoric annotation schemes [102, 111]. Quantificational NPs are often context dependent, but in
the sense that their domain of quantification is contextually specified, as discussed
above. We will therefore concentrate here on referring expressions, and on the problem of selecting the discourse entity they are associated with, that is generally called
anchor in the most general case, and antecedent in the case the relation between
the referring expression and the anchor is one of identity (see below).

28

Massimo Poesio

There are many varieties of referring noun phrases, which differ primarily according to the rules that govern their anaphoric behavior [113, 19, 57, 39, 37]. Such
varieties include:
Reflexives, as in John bought himself a parrot;7
Pronouns, which in turn can be divided into
•

•
•

Definite pronouns such as he or she, as in Ross bought {a radiometer /
three kilograms of after-dinner mints} and gave {it / them} to Nadia for her
birthday. [65]
Indefinite pronouns such as one in Kim bought a t-shirt so Robin decided
to buy one as well [135].
Demonstrative pronouns such as that in example (2.1), utterance 4.3.

Nominals, i.e., noun phrases that have a noun as head, such as a man, a woman,
and the man in (2.8).
(2.8)

A man and a woman came into my shop yesterday. The man wore a
baseball hat.

Proper names, such as Kim and Robin in Kim and Robin are good friends even
though Kim likes sports whereas Robin prefers reading.
There is a certain degree of cross-lingual variety in the forms that can be used to
realize these types of anaphoric expressions. Reflexives and personal pronouns can
be realized as incorporated anaphors in several Romance languages (e.g., Catalan, Italian, Portuguese, Spanish) and as zero anaphors in these languages as well
as Japanese. Incorporated anaphors are cases of anaphoric reference in which the
anaphoric expression is expressed by an affix of another expression, e.g., a verb, as
in the following example from Italian, where clitic suffix lo refers back to Giovanni.
(2.9) a. [IT] Giovannii e’ in ritardo cosı̀ mi ha chiesto se posso incontrar[lo]i al
cinema.
b. [EN] Johni is late so hei asked me if I can meet himi at the movies.
Zero anaphors are cases of anaphoric reference in which one argument is unrealized, as in the following examples from Italian and Japanese.
(2.10)a. [EN] [John]i went to visit some friends. On the way, [he]i bought some
wine.
b. [IT] [Giovanni]i andò a far visita a degli amici. Per via, φi comprò del vino.
c. [JA] [John]i -wa yujin-o houmon-sita. Tochu-de φi wain-o ka-tta.
As said above, proper names differ from other referring noun phrases from a semantic point of view, in that they are directly referring rather than referring to an entity
introduced in the linguistic context; demonstratives, as well, can be directly referring (both pronouns and nominals) [77]. In this book however we will concentrate
on methods for establishing coreference rather than identifying the referent of noun
phrases, thus these claims about proper names and demonstratives will be primarily
7

Reflexives are also known as ’anaphors’ in Binding theory (see below).
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of interest in that they suggest that such nominals will often used to introduce new
entities in the linguistic context. But this is true for nominals as well, as shown by
(2.11) (from the 1993 TRAINS corpus; reported by J. Gundel) where the maximum
number of boxcars of oranges that I can get to Bath by 7 a.m. tomorrow morning
is not anaphoric–indeed, most studies find that a majority of definite NPs serve this
purpose [35, 109]. (We discuss some statistics about the distribution of referring
NPs in corpora below.)

(2.11)

S hello can I help you
U yeah I want t- I want to determine
the maximum number of boxcars of oranges that I can get
to Bath by 7 a.m. tomorrow morning
so hm so I guess all the boxcars will have to go through oranthrough Corning because that’s where the orange juice factory is

Another difference between types of referring expressions intensively discussed
in Linguistics is that between reflexives and (personal) pronouns, illustrated by
(2.12), in which herself must corefer with Susan, but her cannot, has been investigated in depth in generative syntax, even leading to the development of a whole new
Chomskyan paradigm in the ’80s (Government and Binding) [113, 19].
(2.12)

Susan considered herself fortunate to meet her.

Several researchers have concerned themselves with the factors influencing the
choice among multiple admissible linguistic forms [4, 39, 57, 98, 1, 101]. Gundel
et al. [57] investigated in depth the difference between personal and demonstrative pronouns (i.e., the difference between it and that) using corpus data (see also
[89, 98]), whereas several papers by Garrod and colleagues (e.g., [39]) discuss behavioral evidence concerning the difference between definites and pronouns and between definites and proper names. We will discuss these differences in the following
section.
It is important for the purposes of the following discussion to point out that no
form of referring expression is invariably referring or invariably context dependent.
Even pronouns can sometimes be non-referring, as shown by the example of expletives.

2.1.3 Relation between anchor and antecedent
The relation between a context-dependent referring expression and its anchor need
not be one of identity of reference, as seen so far. Indefinite pronouns one and another generally stand in an identity of sense relation with their anchor: they refer to
a different object of the same type, as in (2.13). Definite pronouns may also be used
in the same way, as in so-called paycheck pronouns from famous example (2.14).
When the anchor is a quantified expression, as in (2.15), a pronoun with that
anchor behaves like a variable in a procedure that gets repeatedly called over the
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elements specified by the restriction of the quantifier; that the relation between the
pronoun and its anchor is not of identity in these cases is seen most clearly when
the quantifier is downward entailing, like no in this case. We talk in these cases of
bound anaphora.
Finally, in associative anaphora, the context-dependent nominal is related to
its anchor by a relation such as part-of, as in (2.16). In these cases, to identify the
antecedent a bridging inference is generally required [21, 123, 131].
Sally admired Sue’s jacket, so she got one for Christmas. [37]
The man who gave his paycheck to his wife is wiser than the man who
gave it to his mistress. [79]
(2.15)
No Italian ever believes that the referee treated his team fairly.
(2.16)
We saw a flat yesterday. The kitchen is very spacious but the garden is
very small.
(2.13)
(2.14)

Identifying the exact relation between an anaphor and its anchor is not always easy
[109, 104, 130]. This difficulty is illustrated by examples like the following, from
the WSJ portion of the ARRAU corpus, where the possessive description its machines in sentence (2.17e) could refer either to the ‘three small personal computers’
introduced in sentence 1, or to the entire range of computers sold by Texas Instruments (thus paralleling the reference to the machines sold by Compaq in the
previous clause), but it’s not clear which. We refer to these cases as cases of underspecified identity.8
(2.17)a. Texas Instruments Inc., once a pioneer in portable computer technology,
today will make a bid to reassert itself in that business by unveiling three
small personal computers.
b. The announcements are scheduled to be made in Temple, Texas, and include a so-called ”notebook” PC that weighs less than seven pounds, has a
built-in hard disk drive and is powered by Intel Corp. ’s 286 microprocessor.
c. That introduction comes only two weeks after Compaq Computer Corp.,
believing it had a lead of three to six months on competitors, introduced the
first U.S. notebook computer with such features.
d. Despite the inevitable comparison with Compaq, however, Texas Instruments’ new notebook won’t be a direct competitor.
e. While Compaq sells its machines to businesses through computer retailers, Texas Instruments will be selling most of its machines to the industrial
market and to value-added resellers and original-equipment manufacturers.
A range of types of anaphoric references in which the exact semantic relation
between anaphor and antecedent is particularly complex to identify, and would require a more sophisticated theory of entities, was discussed by Versley [130] and by
Recasens et al. [112]. The examples listed by Recasens and colleagues range from
cases such as (2.18a), in which different stages of an individual are mentioned [15],
to cases such as (2.18b), in which different facets of an individual are considered.
8

Recasens [112] used the term quasi-identity for these cases.
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(2.18)a. On homecoming night [Postville] feels like Hometown, USA . . . For those
who prefer [the old Postville], Mayor John Hyman has a simple answer.
b. “[Your father]i was the greatest, but [he]i was also one of us,” commented an anonymous old lady while she was shaking Alessandro’s hand–
[Gassman]’si best-known son.
“I will miss [the actor]i1 , but I will be lacking [my father]i2 especially,” he
said.

2.1.4 Discourse Models
One point that the examples so far should have already made clear is that the universe of discourse U used to identify the anchor Z of a context-dependent referring
expression only includes a subset of the objects of a certain type, among which the
entities explicitly mentioned in the previous discourse seem especially prominent:
for instance, when interpreting the man in (2.8), the only man considered seem to
be the one mentioned earlier. (This perception is backed up by psychological research (author?) 37). Such considerations are one of the main arguments for the
so-called discourse model hypothesis [79, 135, 74, 75, 121, 62, 36, 37] and for
dynamic models of discourse interpretation. The discourse model hypothesis states
that context dependent expressions are interpreted with respect to a discourse model
which is built up dynamically while processing a discourse, and which includes the
objects that have been mentioned (the universe of discourse U introduced above).
This hypothesis may at first sight seem to be vacuous or even circular, stating that
context dependent expressions are interpreted with respect to the context in which
they are encountered. But in fact three important claims were made in this literature.
First, that the context used to interpret utterances is itself continuously updated, and
that this update potential needs to be modelled as well. Second, that the objects
included in the universe of discourse / discourse model are not limited to those
explicitly mentioned. The following examples illustrate the fact that a number of
objects that can be ’constructed’ or ’inferred’ out of the explicitly mentioned objects can also serve as antecedents for context dependent nominals, including sets
of objects like the set of John and Mary in (2.19), or propositions and other abstract
objects like the fact that the court does not believe a certain female individual in
(2.20). In fact, the implicitly mentioned object may have been introduced in a very
indirect way only, as in the case of (2.21), where the government clearly refers to
the government of Korea, but the country itself has not yet been mentioned either in
the text or the title. These implicitly mentioned objects constitute what Grosz [52]
called the ’implicit focus’ of a discourse.
(2.19)
(2.20)

John and Mary came to dinner last night. They are a nice couple.
We believe her, the court does not, and that resolves the matter. (NY
Times, 5/24/ 00, reported by J. Gundel)
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For the Parks and millions of other young Koreans, the long-cherished
dream of home ownership has become a cruel illusion. For the government,
it has become a highly volatile political issue. [109]

The idea of discourse model, originally formulated by Karttunen [79], was then
developed by Sanford and Garrod [121] and Garnham [37] in psycholinguistics,
and made more formal, by, among others, Heim [62] and Kamp [75] in theoretical
linguistics, and by Webber [135] in computational linguistics.
The theories developed by Heim and Kamp collectively took the name of Discourse Representation Theory (DRT); DRT has become the best known linguistic theory of the semantics of anaphora, and has served as the basis for the most extensive
treatment of anaphora proposed in linguistics, [76], as well as many computational
models. In DRT, a discourse model is a pair of a set of discourse referents and a set
of conditions (statements) about these discourse referents:
hx1 ..xn , c1 ..cn i
represented in the linear notation of Muskens [93] as
[x1 . . . xn |c1 . . . cn ].
For instance, suppose A addresses utterance (2.22a) to B in an empty discourse
model9 . Then according to DRT update algorithms such as those proposed in
[76, 93], when we process this utterance, we update the existing discourse model
with information contributed by this utterance: that an entity, engine e3, has been
mentioned (hence a discourse referent x1 ’representing’ that entity gets introduced
in the discourse model); and that ’we’ (speaker A and addressee B) are supposed
to take x1 . This fact, as well as the fact that x1 is an engine, are new conditions
added to the discourse model. The resulting discourse model is as in (2.22b). Note
in particular that interpreting nominal expression engine E3 has resulted in a new
discourse referent being added to the universe of discourse U. (Here and elsewhere
we will ignore illocutionary force and simply treat all utterances as statements.)
(2.22)a. We’re gonna take engine E3
b. [x1 |x1 = e3 , engine(x1 ), take(A + B, x1 )]
This discourse model is the context in which the interpretation of the following
utterance takes place. Say that (2.22a) is followed by (2.23a), which contains a pronoun. This pronoun has only one interpretation in the discourse model in (2.22b)–as
having discourse entity x1 as antecedent. Interpreting utterance (2.23a) –i.e., establishing that an instruction to send engine E3 to Corning–leads to a second update of
the discourse model; the resulting model is as in (2.23b) and contains, in addition to
the discourse entities and the conditions already present in (2.22b), new discourse
entities and new conditions on these entities.
(2.23)a. and shove it to Corning
b. [x1 , x2 , x3 |x1 = e3 , x2 = x1 , x3 = corning, engine(x1 ), take(A + B, x1 ),
send(A + B, x2 , x3 )]
9

An extreme abstraction!
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Two key contributions of dynamic theories of anaphora developed in formal linguistics have been to show that the construction of such discourse models can be
characterized in a formal way, and that the resulting interpretations can be assigned
a semantics just as in the case of interpretations proposed for other semantic phenomena. The original approach to discourse model construction proposed by Heim
[62] and Kamp [75] – and later spelled out in painstaking detail by Kamp and Reyle
[76] – was highly idiosyncratic, but later work demonstrated that the methods of
syntax-driven meaning composition used in mainstream formal semantics can be
used to develop a theory of discourse model construction as well [63, 118, 50, 93].
These formal approaches to discourse model construction center around the idea
of file card. According to Heim [63], a discourse model can be seen as a collection
of file cards, each representing the information about a single discourse entity introduced in the discourse. More precisely, in most recent versions of DRT, mentions of
referring expressions are interpreted as follows:
indefinite (a P, some P): a new file card xi is added to the discourse model and
asserted to be of type p. This update is formally written [xi , |p(xi )].
proper names: as a result of a reference to object b via a proper name, a new file
card xi is added to the discourse model and asserted to be identical with b. This
update is formally written [xi , |xi = b]. (See for instance proper name Corning in
(2.23).)
pronouns: a new file card xi is added to the discourse model and noted as needing
resolution via the condition xi =?. This update is formally written [xi , |xi =?].
Resolution leads to this condition being replaced with an equality with the file
card of the anchor. (See for instance pronoun it in (2.23).)
definite nominals (the P, that P): this is the type of referring expression on which
there is the least agreement. Most researchers believe that definite descriptions
have a uniqueness presupposition: the existence of an object of type P is presupposed instead of asserted, and furthermore this object is meant to be unique
[6, 117]. This semantics can be translated as follows: a new file card xi is added
to the discourse model and asserted to be identical with the unique object of type
p (in the context). This update is formally written [xi , |xi = ιy.p(y)].
Crucially for what follows, the file card for discourse entity x contains all information that is known in the context about x. Thus for instance after reading the
first sentence of example (2.24) our Universe of Discourse will contain an entity xi
whose file card will contain the information that her name is Miss Watson, that she
is the sister of the widow, that she is an old maid, etc etc.
(2.24)

The widow’s sister, Miss Watson, a tolerable slim old maid, with goggles
on, had just come to live with her, and took a set at me now with a spellingbook.
She worked me middling hard for about an hour, . . . (from M. Twain, Huckleberry Finn).

The notion of file cards, or discourse entities, played a crucial role in work on
anaphora resolution of the ’80s and early ’90s [135, 90, 132, 105] but then took
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a back seat to more primitive notions such as single anaphor-antecedent links, although it is now being revived, as we will see in Chapter 9.5.
A crucial feature of these theories is that DRSs are logic representations with
their own truth conditions, different although equivalent to traditional first-order
logic, and from which inferences can be made. For instance, (2.22b) is equivalent to
the pseudo-existential statement that there is an object, this object is identical to e3 ,
and that A+B take this object. The existence of a deductive system over these representations is essential because many cases of anaphora resolution require complex
inference, as we will see in a moment.
DRT has been used to develop accounts of a range of anaphoric phenomena beyond the simple case of nominal reference to antecedents introduced by nominals,
covering reference to events as in (2.25a), to plurals as in (2.25b), or to more
abstract objects such as propositions as in (2.25c).
(2.25)a. John met Mary. That happened at 3 o’clock.
b. John saw Mary. They had gone to school together.
c. John met Mary. This fact stroke him as strange ....
Kamp and Reyle [76] and others provide detailed treatments of anaphora to events
and plurals. Their treatment of reference to events is based on the assumption that
events are individuals that introduce discourse referents in the common ground, as
in (2.26).
(2.26)a. John met Mary. That happened at 3 o’clock.
b. [x1 , x2 , e1 , x3 |x1 = john, x2 = mary, e1 : meet(x1 , x2 ),
x3 @3pm, x3 = e1 ]
By contrast, Kamp and Reyle’s analysis of plurals, like that of most researchers
in the area, is based on the assumption that resolving such references (i.e., finding
an anchor for discourse entity x3 in in (2.27b)) requires bridging inferences on the
discourse model as a result of which the model is augmented with new objects. In the
case of plurals, these new objects are sets or groups, such as new object x4 , defined
as x1 + x2 in (2.27c). In the case of propositional references, these new objects are
propositions. Resolving the discourse referent x3 in (2.27e) requires introducing a
new propositional variable K1 , as in (2.27f). As already discussed, one of the key
claims of the discourse model hypothesis is that resolving anaphoric references in
general requires inferences on the discourse model.
(2.27)a. John met Mary. They had gone to school together.
b. [x1 , x2 , e1 , e2 , x3 |x1 = john, x2 = mary, e1 : meet(x1 , x2 ),
e2 : gone-to-school-together(x3 )]
c. [x1 , x2 , e1 , e2 , x3 , x4 |x1 = john, x2 = mary, e1 : meet(x1 , x2 ),
e2 : gone-to-school-together(x3 ), x4 = x1 + x2 , x3 = x4 ]
d. We believe her, the court does not, and that resolves the matter.
e. [x1 , s1 , x2 , s2 |s1 : believe(we, x1 ),
court(x2 ), ¬s2 : believe(x2 , x1 )]
f. [x1 , s1 , x2 , s2 , x3 , e1 , K1 |s1 : believe(we, x1 ),
court(x2 ), K1 : [¬s2 : believe(x2 , x1 )], matter(x4 ),
e1 : resolves(x3 , x4 ), x3 = K1 ]
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Little or no work has been done within statistical approaches to anaphora resolution
on creating plural objects out of singular mentions as antecedents of plural anaphors.
Some research on reference to events has been carried out after the creation of the
OntoNotes corpus.
Even richer, if less formalized, models (usually called mental models instead
of discourse models were proposed in psycholinguistics on the basis of work by
Bransford et al., Garnham, and Sanford and Garrod, among others [11, 121, 37].
Such models are assumed to encode the results of rich inference and to be more
distant from language than the models usually assumed in computational and theoretical linguistics.

2.1.5 Statistics about Anaphora from Corpora
Statistics from anaphorically annotated corpora can give a rough quantitative indication of the relative importance of different types of nominal anaphoric phenomena.
Kabadjov [72] reports several statistics about the relative frequency of different
types of nominals in the GNOME corpus and the Vieira-Poesio corpus. The GNOME
corpus ([103]; see also Chapter 4) was designed to study local and global salience
[108, 107] and in particular, their effect on generation, including text structuring
[78], aggregation [18] and determining the form of referring expressions [101]. It
consists of texts from three different genres widely studied in NLG: museum labels,
pharmaceutical leaflets, and tutorial dialogues.
The subset of the GNOME corpus analyzed by Kabadjov includes 3354 NPs, classified into 28 mutually exclusive types. The five most frequent types are bare-np,
the-np and the-pn, pers-pro, pn and a-np, representing 22%, 18%, 10%, 10%, and
8% of the total, respectively.
Concerning the types of relations, the part of the GNOME corpus studied by
Kabadjov includes 2075 anaphoric relations; of these, 1161 (56%) are identity relations, whereas the rest are bridging. Among the anaphors, 44% of all anaphors
related to their antecedent by an identity relation are pronouns (of which 27% personal pronouns and 17% possessive pronouns), 16% are definite descriptions, and
10% are proper names. Conversely, 97% of possessive pronouns are anaphoric, as
are 95% of pers-pro, 38% of proper names, and 30% of definite descriptions.
The anaphoricity (or lack thereof) of pronouns has been studied in a number of
papers concerned with detecting expletives. Evans [34] collected statistics from 77
texts from the SUSANNE and BNC corpus chosen to sample a variety of genres, and
which contained 3171 examples of it. Of these, he classified 67.9% as being nominal
anaphoric, 26.8% expletives, 2.2% used in idiomatic / stereotypical constructions,
2% discourse topic mentions, 0.8% clause anaphoric, 0.1% cataphoric. Very similar
figures are reported by Boyd et al. [10], who studied expletives in text as well (the
BNC sampler corpus). Of the 2337 instances of it in their corpus, 646 (28%) are expletives. Arguably the most careful analysis of the distribution of pronouns has been
carried out by Müller [92], who studied the distribution of third-person pronouns it,
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this and that in multi-party dialogue. Müller asked his coders to classify these pronouns as either ’normal’ (i.e. referring to either a nominal or clausal antecedent),
’extrapos-it’ and ’prop-it’ (two types of expletives), ’vague’ (i.e., referring but without a clearly identifiable antecedent), ’discarded’ (i.e., included in utterances that
were not continued) and ’other’. For it, he found that of the around 1,000 cases in
his corpus, about 62.5% were classified as referential (of which 57.8% were ’normal’ and 4.7% ’vague’) and 37.5% as either expletive or discarded (22% as ’discarded’, 15.5% as expletive). He also observed however significant disagreements
on the classification (κ = .61).
Type of anaphoric expression Percentage of total Percentage anaphoric
(of anaphors)
Pronouns
44%
Personal Pronouns
27%
95%
it
68–72%
Possessive Pronouns
17%
95%
Definites
16%
30%[Gnome]
–40%[WSJ]
(first mention)
50%[WSJ]
(bridging)
10%[WSJ]
Proper names
10%
38%

Source
Kabadjov 2007
Kabadjov 2007
Evans, Boyd et al
Kabadjov 2007
Kabadjov
Poesio and Vieira
Poesio and Vieira
Poesio and Vieira
Kabadjov 2007

Table 2.1 Anaphors and degree of anaphoricity in written text: Summary

The distribution of the antecedents of pronouns– whether they are introduced by

NPs or more indirectly– was studied by [98, 32, 14, 58]. Eckert and Strube found that
around 22% of the pronouns in their corpus (Switchboard) had a non-NP antecedent,

whereas 33% had no antecedent at all. Byron reported that 16% of pronouns in her
corpus had non-NP antecedents. Gundel et al. analyzed 2000 personal pronouns in
the Santa Barbara Corpus of Spoken American English and found that 16% lacked
an NP antecedent: around 5% had a non-NP antecedent, 4.5% were expletives, and
4.2% had what Gundel et al. call ’inferrable’ antecedent, like she in the following
example, that refers to the mother of the kids just mentioned.
(2.28)

[Talking about how the kids across the street threw paint in their yard.]
Those kids are just - And she’s pregnant with another one. (2.294)

An extensive study of the uses of definite descriptions was carried out by Poesio
and Vieira [109], who were particularly concerned with the percentage of definite
descriptions that were first mention, as opposed to anaphoric. Poesio and Vieira
carried out two experiments in which definite descriptions were classified according to two slightly different schemes. In both cases, they found that around 50%
of definite descriptions were first mention, around 40% were anaphoric, and 10%
bridging. However, Poesio and Vieira also raised the issue of agreement on classification, only finding reasonable agreement among their coders on the distinction
between first mention and anaphoric (κ = 0.76) with finer distinctions leading to
more disagreements, and the distinction between bridging and first mention in particular being difficult.
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2.1.6 Anaphora vs. Coreference and other Terminological Issues
We conclude this section on the linguistics of anaphora with some additional discussion of terminological issues, and in particular of the use of the terms ’anaphora’
and ’coreference’. As we said above, we use the term anaphoric to indicate expressions whose interpretation depends on objects introduced in universe of discourse U
either by virtue of being explicitly mentioned (like engine E3 in (2.22)) or by being
inferred (as in the cases of plurals and propositional anaphora). As we said, in this
book we will primarily be concerned with these expressions and this characterization of the interpretation problem. However, quite a lot of other terms are used in the
literature and there is a great degree of confusion about their use, so a few remarks
on these issues are in order.
First of all, note that that this use of the term ’anaphoric’– although, we would
argue, the most common in linguistics– is not the only use of the term. Many researchers use the term to indicate links at the textual level of representation (i.e.,
between expressions rather than with respect to discourse entities)–indeed, this
seems to be the use of the term in the well-known [29]. Other researchers use the
term anaphora to indicate the study of pronominal interpretation, reserving the term
coreference for the study of anaphoric reference via proper names.
Second, with the first MUC initiative the term coreference was introduced for
a task which is closely related (although not identical with) the task of anaphoric
resolution. As a result, the term ‘coreference’ has become in CL virtually synonymous with anaphora. Unfortunately, the term coreference has a technical meaning
in formal semantics, which has caused all sorts of discussions [29]. To add to the
confusion, the term coreference is used in different ways in formal linguistics and
in functional linguistics.
As we saw earlier in this Section, in formal semantics the term ’reference’ is
used to indicate the relation between an expression of the language and an object
in the world, if any: proper names are the typical example of expression which is
referring in this sense. Two expressions are thus co-referring if they refer to the
same object. However, not all expressions in the language, and not even all the
nominal expressions that we called ’referring’ earlier on, are referring in this sense,
yet this does not prevent them serving as antecedents of anaphoric expressions. A
typical example are expressions occurring in hypothetical or negated contexts, as
shown in the examples in (2.29) [95]: neither the hammer mentioned in (2.29a)
nor the car mentioned in (2.29a) exist, yet they can happily serve as antecedents of
anaphoric expressions.
(2.29)a. If I had a hammer I would use it to break your head.
b. I can’t buy a car - I wouldn’t know where to put it.
Viceversa, there are expressions which are coreferent but are not anaphoric in the
sense discussed above –e.g., references to Barack Obama in distinct conversations,
or in distinct documents, are co-referring (the term used in the case of documents
is cross-document coreference) but not anaphoric (because distinct universes of
discourse are built during each conversation).
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This distinction between coreference and anaphora is the reason why computational linguists have generally preferred to avoid the term coreference and introduce
other ones [123, 29]. We should however note that in other types of linguistics–
particularly in systemic functional grammar and related functional frameworks–the
term coreference is used in an entirely different manner [59, 57]. In these frameworks, there is no notion of ’reference to the world’: all we can do is to refer to
objects in our cognitive state–i.e., discourse referents–and therefore the term ’coreferring’ is synonymous with ’anaphoric’ in the sense here. And indeed, the use of
the term ’referring expression’ as in this Section comes from this tradition, via NLG.
(For further discussion of the notion of ‘reference in the world,’ see [112].)
As the CL use of the term coreference is here to stay, we will note here that the
’coreference task’ as defined by the MUC guidelines [64] is not the same as coreference either in the sense of formal semantics or in the sense of functional linguistics.
Given the focus on applications, most instantiations of the ‘coreference task’ concentrate on entities of a restricted number of semantic classes frequently occurring
in newspaper text (persons, organisations, locations, events, vehicles, weapons and
facilities in the case of the Automatic Content Extraction (ACE) effort, or include the
marking of textual relations that would not necessarily be viewed as ’coreference’
in linguistics. The most discussed example [29] is that of the relation between John
and a fool in (2.30).
(2.30)

John is a fool.

In linguistics, the relation is typically seen as one of predication–being a fool is
viewed as a property of John, as discussed earlier in this section. In the MUC / ACE
guidelines, the relation is marked as coreference. The problem is that coreference
is generally taken to be transitive so these guidelines result in John, ’Mayor of Buffalo’, and ’Senator for New York’ being coreferent in (2.31).
(2.31)

John was mayor of Buffalo last year and is now Senator for New York.
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2.2 The Interpretation of Anaphoric Expressions: Evidence from
Corpora and Psycholinguistics
As illustrated by example (2.32), anaphoric expressions can and often are ambiguous in context, and the ’one sense per context’ assumption does not apply to this
case of ambiguity. Starting with the second sentence, there are two potential antecedents masculine in gender, that become three the next sentence if the system
does not recognize that the skipper of a minesweeper is an apposition on his father).
After the fifth sentence, a third potential antecedent appears, the sailor.
(2.32)

Maupin recalls his mother trying to shield him from his father’s excesses.
“Your father doesn’t mean it,”, she would console him.
When Maupin was born, his father was in the thick of battle, the skipper of
a minesweeper.
He didn’t see his son for two years.
He learned of his birth from a sailor on another ship, by semaphore.
“I got very sentimental about six months ago, and asked him to tell me exactly where he was when he found out.” (From The Guardian Weekend, August 15th, 1998, p. 22.)

Interpreting anaphoric expressions–i.e., resolving this ambiguity–requires a combination of many different types of information, as illustrated by the example above.
One of the strongest factors is gender: for instance, she in the second sentence is
totally unambiguous. Commonsense knowledge can be an equally strong factor:
clearly Maupin and his father cannot corefer if his is taken to have Maupin as its
antecedent. Syntactic constraints also play a role: even if his son was replaced with
him in sentence four (obtaining he didn’t see him), coreference between subject and
object would still be ruled out. Other types of disambiguation depend on factors that
appear to behave more like preferences than hard constraints. For instance, the preferred interpretation for pronoun He at the beginning of the fourth sentence would
seem to be Maupin’s father rather than Maupin himself, but that preference appears
to be more the result of the preference for pronouns in subject position to refer to antecedents in subject position than a hard constraint or complex reasoning. The same
motivation seems to justify the preference for pronoun He in the subject position of
the following sentence. This difference between constraints and preferences plays
an important role in many computational models of anaphora resolution and is also
followed in standard expositions such as [91] so we’ll follow it here even though
there is not conclusive evidence about the existence of two distinct mechanisms. In
this section we will discuss these constraints and preferences and the psychological
evidence in their favor; in the following sections we will discuss evidence coming
from computational work.
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2.2.1 Constraints
Much of the early linguistic work on anaphora focused on the identification of morphological and syntactic constraints on the interpretation of anaphoric expressions.
Among these constrains the better known are agreement constraints (syntactic and
semantic) and binding constraints. We will now discuss in turn each of these constraints and the evidence from psycholinguistics of their importance in anaphora
resolution.
Morphological constraints
Agreement constraints include gender, number and person constraints. We have an
example of gender constraint in (2.32): him in the second sentence can only refer
to Maupin or his father, not to his mother. The role of gender matching has been
intensively studied in psychology [33, 38, 5]. Such studies demonstrated that gender affects disambiguation very early, and considered also the differences in gender
use between languages with semantic gender such as English and languages with
syntactic gender such as Italian or Spanish. As we will see in the other Chapters,
most modern anaphora resolution systems do incorporate agreement constraints.
The problems such systems encounter are that gender is not always used consistently: witness cases like (2.33), an error reported in [128] but due to erroneous use
of pronoun its to refer to a customer:
(2.33)

to get a customer’s 1100 parcel-a-week load to its doorstep

Even when gender is not used erroneously, systems run into difficulties when pronouns are used to refer to entities referred to using uncommon proper names, as in
the examples in (2.34).
(2.34)a. Maja arrived to the airport. [Maja a man] He ...
b. John brought Maja to the airport. [Maja a small dog] It . . .
This second problem can be in part addressed by attempting to infer the gender of
unknown names [41, 8] but more in general it is clear that people can often infer
gender from context (see [25] and other references mentioned by [37], p. 67).
There has been much less psycholinguistic work on the role of number constraints, but several studies have compared the relative difficulty of interpreting
plural and singular anaphoric references (e.g., [48]), and Clifton and Ferreira [23]
showed that plural pronoun they was equally easy to read following a conjoined
noun phrase (Bill and Sue met) than when the antecedents were syntactically divided (Bill met Sue) suggesting that the antecedent for the plural pronoun was found
in the discourse model instead of in the syntactic representation. In Computational
Linguistics, the main problem with number are nouns which are syntactically singular but semantically plural such as the Union in (2.35).
(2.35)

The Union said that they would withdraw from negotations until further
notice.
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Syntactic constraints
The study of constraints on anaphoric reference played an important role in the development of modern generative linguistics, to the point of giving the name to one
of its best-known paradigms, Government and Binding theory [19]. The aim of this
work was understanding why pronoun him cannot corefer with John in (2.36a) (the
asterisk indicates that the sentence is ungrammatical under the interpretation specified by the indexing) whereas reflexive himself must obligatorily be interpreted as
referring to John in (2.36b).
(2.36)a. *Johni likes himi .
b. Johni likes himselfi
Langacker [86] proposed an account based on a relation that he called command
holding between nodes in a syntactic tree. The definition of the relation was subsequently refined by Lasnik [88] and then by Reinhart [113], who introduced the
c-command relation, defined as follows:
Definition 2.1. Node A c-commands node B iff
1. A 6= B
2. A does not dominate B and B does not dominate A, and
3. every X that dominates A also dominates B.
For instance, in the following tree, A does not c-command anything, B ccommands C, C c-commands B, D c-commands E, and E c-commands D.
A
,l
,
l
B
C

\
\
D E
The c-command relation is at the heart of the classic definition of what is now
called the binding theory due to [19], which is articulated around three Principles.
Principle A specifies constraints on reflexives and reciprocals (rather misleadingly
called ’anaphors’), and says that they must have a c-commanding antecedent in their
governing category (the smallest clause or noun phrase in which they are included).
Principle B states that pronouns cannot have an antecedent in this governing category. Together, Principles A and B claim that reflexives and pronouns are in complementary distribution. Finally, Principle C states that R-expressions –proper names
and nominals–cannot have c-commanding antecedents.
Binding theory subsequently underwent numerous revisions to address empirical
limitations of the 1981 version. In [20] the alternative notion of m-command was
introduced. In HPSG, an alternative definition of o-command was introduced based
on argument structure instead of phrase structure [110], to account for exceptions to
binding theory in so-called picture NPs, as in (2.37).
(2.37)

John was going to get even with Mary. That picture of himself in the paper
would really annoy her, as would the other stunts he had planned.
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But perhaps the main development after [19] was the proposal by Reinhart and
Reuland [115] that some reflexives are logophors, i.e., have discourse antecedents–
examples being cases like himself in (2.38a), which is grammatical, in contrast with
the ungrammaticality in (2.38b).
(2.38)a. Billi told us that Elisabeth had invited Charles and himselfi
b. * Billi told us that Elisabeth had invited himselfi
Substantial experimental testing of binding constraints has been carried out over the
years. Nicol and Swinney [94] using a priming technique found that only associates
of the doctor would be primed by himself in (2.39a), whereas only associates of the
skier would be primed by him in (2.39b).
(2.39)a. The boxer told the skier that the doctor for the team would blame himself
for the recent injury.
b. The boxer told the skier that the doctor for the team would blame him for
the recent injury.
Gordon and Hendrick [47] found broad support for Principles A and B of binding
theory but poor support for Principle C. Runner et al. [119] found confirmation that
many reflexives in picture NPs behave like logophors.
Semantic constraints
The main semantic constraint on anaphoric reference is the so-called scope constraint, that prevents anaphoric reference to antecedents introduced in tne scope
of downward-entailing operators [79]. Thus, in (2.40a), the reference in the second
sentence to the car introduced in the scope of a negation is claimed to be infelicitous. In (2.40b), the car can be referred to within the conditional, but now outside it.
(2.40c), illustrates that anaphoric reference to indefinites in the scope of modals is
problematic [79, 116].
(2.40)a. John doesn’t have a car. * It is in the garage.
b. If John has a car, he doesn’t use it much. * Let’s drive it around the park.
c. A wolf might have come in. *It ate John first. [116]
Semantic constraints have recently become the object of interest among psycholinguists because ERP experiments10 is showing that examples of anaphoric reference
like those in (2.40) result in so-called ’semantic’ violation effects (i.e., N400 effects)
- see, e.g., [31] for such effects in cases like (2.40c).

10 The experimental paradigm of event-related potentials look for correlations between text that
subjects read and brain activity as measured by EEG.
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2.2.2 Preferences
By themselves, linguistic constraints do not eliminate anaphoric ambiguity. None
of the constraints discussed above would prevent interpreting him in the second
sentence of (2.32) as referring to Maupin’s father. Neither do these constraints rule
out interpreting He in the fourth sentence as referring to Maupin instead of his father.
Yet these interpretations are clearly dispreferred. Much research has been carried
out on the factors determining such preferences.
Commonsense knowledge
One such factor is plausibility based on commonsense knowledge. One of the best
known illustrations of the effect of plausibility is the minimal pair in (2.41), due
to Winograd and also reported in [123]. The only difference between (2.41a) and
(2.41b) is the verb in the second clause, but that change is sufficient to change the
preference from the council (in (2.41a)) to the women (in (2.41b)).
(2.41)a. The city council refused the women a permit because they feared violence.
b. The city council refused the women a permit because they advocated violence.
One type of plusibility effect intensively studied in the literature is the so-called implicit causality effect [40, 125]. Garvey and Caramazza [40] observed that subjects,
when asked to write a continuation to a sentence like (2.42), would tend to continue
in a way consistent with he being Bill (i.e., by assuming that the because clause
explains why Bill is to blame.
(2.42)

John blamed Bill because he ...

Stevenson et al. [125] found that these preferences are affected by the thematic
structure of the verb (so that agent-patient verbs behave differently from experiencestimulus ones) and by the connective.
In a forced choice experiment, Kehler et al. [80] presented subjects with a short
discourse and a question uncovering the subjects’ interpretation of a pronoun in the
second sentence, as in (2.43).
(2.43) Samuel threatened Justin with a knife, and he blindfolded Erin with a scarf.
Who blindfolded Erin?
Kehler et al. found that in discourses with one semantically coherent interpretation, this interpretation was chosen regardless of other salience factors, whereas
in sentences where both interpretations were equally plausible, subjects’ choice of
interpretation more or less reflected general salience.
Another simple form of preference carried by verbs are so-called selectional
restrictions: restrictions on the type of argument a verb may have. Their effect
is shown by minimal pair (2.44), from Mitkov [91]. In (2.44a), the preferred antecedent for it is the computer, presumably because disconnect prefers an electric
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appliance. In (2.44b), however, the preferred antecedent for it is the disk, because
copied prefers an information-carrying device.
(2.44)a. George removed the disk from the computer and then disconnected it.
b. George removed the disk from the computer and then copied it.
Because of evidence such as that above the early models of anaphora resolution
in CL concentrated on developing theories of commonsense reasoning [17, 136, 70]
(this work is surveyed in Chapter 3), but there is clear evidence that other factors are
at play as well. In (2.45a), one could argue that it’s more plausible for Bill to know
the combination of his own safe–yet the interpretation that has John as antecedent
of he is clearly preferred. And if commonsense reasoning was the only factor determining anaphoric resolution, then (2.45b) should not be funny –the reason it is
is that the preferred interpretation for it is as referring to the head rather than the
bomb.
(2.45)a. John can open Bill’s safe - he knows the combination [68]
b. If an incendiary bomb drops near you, don’t lose your head. Put it in a
bucket and cover it with sand [65]
Syntactic Preferences
The next factor obviously playing a role in anaphora resolution is syntactic structure and syntactic preferences. Corpus statistics suggest that in most English corpora, about 60-70% of pronouns occur in subject position, and of these, around
70% have an antecedent also realized in subject position. This preference for pronouns in subject position to refer to antecedents in subject position has been called
subject assignment and has been extensively studied in psycholinguistics [12, 26].
Researchers also observed a preference for object pronouns to refer to antecedents in object position, suggesting a preference for parallel interpretations
[122, 73]. Parallelism effects were studied, among others, by Smyth et al. [124],
who showed that the closer the syntactic function, the stronger the effect; and by
Stevenson et al. [126], who observed a similar phenomenon, but a much stronger
preference for subject pronouns than for object pronouns (80% to 60%).
Researchers including Smyth and Stevenson and colleagues also hypothesized
that parallelism might be semantic rather than syntactic in nature; this approach was
developed by Hobbs and Kehler [69], among others.
Salience
Another factor that clearly plays a role in anaphora resolution is salience, at least
in its simplest form of recency: generally speaking, more recently introduced entities are more likely antecedents. Hobbs [67] reported that in his corpus, 90% of all
pronoun antecedents were in the current sentence, and 98% in the current or the previous sentence, although there was no fixed distance beyond which no antecedent
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could be found (one pronominal antecedent was found 9 sentences back). This importance of the antecedents in the current and previous sentence for pronouns has
been confirmed by every study of referential distance , if with slightly different figures: e.g., Hitzeman and Poesio [66] found that around 8% of pronoun antecedents
in their corpora were not in the current or previous sentence. Distance is less important for other types of anaphoric expressions: e.g., Givon [45] found that 25%
of definite antecedents were in the current clause, 60% in the current or previous
20 clauses, but 40% were further apart. Vieira [131] found that a window of 5 was
optimal for definites. This is true cross-linguistically [44]
This is not to say, however, that choosing the most recently mentioned antecedent
is an effective strategy, as several studies suggest that this strategy would have
mediocre results: e.g., Tetreault [128] reports that choosing the most recent antecedent for pronouns that satisfies gender number and binding constraints would result in a 60% accuracy. On the contrary, there is a lot of evidence for a first mention
advantage–a preference to refer to first mentioned entities in a sentence [42, 46].
Combined, these results provide support for a search strategy like that proposed by
Hobbs [67]: going back one sentence at a time, then left-to-right. (See Chapter 3 for
discussion.)
A stronger version of the claim that there are differences of salience between
entities is the hypothesis that attentional mechanisms of the type found in visual
interpretation also affect the interpretation of anaphoric expressions. Authors such
as Grosz [52], Linde [89], Sanford and Garrod [121], and others have claimed that
linguistic focusing mechanisms exist and play an important role in the choice of an
antecedent for anaphoric expressions. Gundel et al. [57] and others suggested that
such mechanisms also affect production, and in particular, the choice of form of
referring expression.
The best-known theory of this type is the framework proposed by Grosz and Sidner [54] and articulated in two levels: the global focus specifying the articulation of
a discourse into segments, and the local focus of salience specifying how utterance
by utterance the relative salience of entities changes. That discourses are segmented
according to ’topics’ or the episodic organization of the story is widely accepted and
backed up by evidence such as that presented by Anderson et al. [3]. Anderson and
colleagues presented their subjects with a passage like in Figure 2.1, introducing a
main character (in this case, female) and a secondary character (in this case, male)
tied to the scenario. This first passage was followed either by a sentence expressing
immediate continuation of the episode (Ten minutes later . . . ) or by one indicating
that the story had moved on (Ten hours later . . . ). Finally, the subjects were presented with either a sentence referring to the main entity, or to one referring to the
scenario entity. Anderson et al. found an entity x delay effect: after the sentence
expressing immediate continuation there was no difference in processing a pronoun
referring to the main entity or a pronoun referring to the scenario entity, but when
the text indicated a longer delay (and hence, a closure of the previous episode) the
pronominal reference to the scenario entity was harder to process.
Grosz and Sidner [54] add the further hypothesis that this segmentation is hierarchical and that it is parasitical upon the intentional structure of the discourse–the
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AT THE CINEMA
Jenny found the film rather boring.
The projectionist had to keep changing reels.
It was supposed to be a silent classic.
a. Ten minutes later the film was forgotten
Ten hours later the film was forgotten
b. She was fast asleep
c. He was fast asleep
Fig. 2.1 The materials from [3]

intentions that the participants are trying to achieve. Grosz and Sidner proposed that
the global focus is like a stack; by contrast, Walker [133] proposes a cache model.
The two models were evaluated by Poesio et al. [107] in terms of the way they
limit accessibility. Knott et al. [83] argued that the intentional structure proposed
by Grosz and Sidner, while perhaps appropriate for task-oriented dialogue, is not
appropriate for many types of text.
The second level of attention is the so-called local focus. According to Grosz
and Sidner and other researchers including Linde, Garrod and Sanford, and others,
at every moment during a conversation or while reading text some entities are more
salient than the others and are preferred antecedents for pronominalization and other
types of anaphoric reference. Sidner [123] proposed the first detailed theory of the
local focus, articulated around two distinct foci: the discourse focus, meant to account for the phenomena normally explained in terms of the notion of ’discourse
topic’ [55, 114, 129] is usually introduced. In (2.46), the meeting with Ira is the
discourse focus and serves as privileged antecedent for certain types of anaphoric
reference.
(2.46)a. I want to schedule a meeting with Ira.
b. It should be at 3p.m.
c. We can get together in his office
Sidner also introduced an actor focus, supposed to capture some of the effects accounted in previous theories through subject assignment, such (2.47).
(2.47)

John gave a lot of work to Bill. He often helps friends this way.

According to Sidner, the local focus changes after every sentence as a result of
mention and coreference. Extremely complex algorithms are provided for both foci
and for their use for anaphoric reference.
Centering theory [53] was originally proposed as just a simplified version of
Sidner’s theory of the local focus [51] but eventually it evolved in a theory of its
own –in fact, the dominant paradigm for theorizing about salience in computational
linguistics and, to some extent, in psycholinguistics and corpus linguistics as well
(see, e.g., the papers in Walker et al. (author?) 134). According to Centering, every
utterance updates the local focus by introducing new forward looking centers
(mentions of discourse entities) and updating the focal structure. Forward looking
centers are ranked: this means that each utterance has a most highly ranked entity,
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called Preferred Center (CP), which corresponds broadly to Sidner’s actor focus.
In addition, Centering hypothesizes the existence of an object playing the role of
the discourse topic or discourse focus: the backward looking center, defined as
follows:
Constraint 3 CB(Ui ), the Backward-Looking Center of utterance Ui , is the highest ranked element of CF(Ui−1 ) that is realized in Ui .
Several psychological experiments have been dedicated to testing the claims of Centering, and in particular those concerning pronominalization, known as Rule 1:
Rule 1

If any CF in an utterance is pronominalized, the CB is.

Hudson and Tanenhaus [71] found a clear preference for subjects, which could however also be accounted for in terms of subject assignment. Gordon and colleagues
carried out a series of experiments that, they argued, demonstrated certain features
of the theory. Gordon et al. [46], for instance, revealed a repeated name penalty–a
preference for avoiding repeating full names when an entity is mentioned in subject
or first mention position, and using pronouns instead. Thus for instance Gordon et
al. found an increase in reading time when processing sentences b–c of (2.48), with
respect to reading sentences b–c of ex:RNP:2 in which the proper name in subject
position Bruno has been replaced by pronoun He.
(2.48)a. Bruno was the bully of the neighborhood.
b. Bruno chased Tommy all the way home from school one day.
c. Bruno watched Tommy hide behind a big tree and start to cy.
d. Bruno yelled at Tommy so loudly that the neighbors came outside.
(2.49)a. Bruno was the bully of the neighborhood.
b. He chased Tommy all the way home from school one day.
c. He watched Tommy hide behind a big tree and start to cy.
d. He yelled at Tommy so loudly that the neighbors came outside.
Poesio et al. [108] carried out a systematic corpus-based investigation of the
claims of Centering, that revealed among other things that entity coherence between
utterances is much less strong than expected, so that the majority of utterances do
not have a CB. Gundel et al. [57] proposed an account of the factors affecting the
choice of NP based on a theory of salience with some similarities to Centering but
also some important differences. Gundel et al. argued that the choice of NP form
is the result of a process that, among other factors, takes into account the cognitive
status of the entities being referred. Gundel et al.’s theory distinguishes several
levels of ’givenness’, including in focus, activated, familiar and several levels of
lexical acquaintance. ‘Activation’ corresponds to Grosz and Sidner’s implicit focus,
and ’in focus’ is related to the notion of CB and CP, except that more than one entity
may be in focus and there may also be no entity in focus (for the relation between
Gundel et al.’s theory and Centering see [56, 106]).
In addition to these discrete models of salience, activation-based models have
also been proposed in which there is no fixed number of foci, but in which all entities
have a level of activation [82, 2, 87, 127, 128].
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Models that integrate salience and commonsense knowledge have also been proposed, such as Carter’s [16]. Carter combined Sidner’s theory of focus with Wilks’
causal reasoning. Among psychologists, the interaction of Centering with commonsense preferences has been studied by Gordon and Scearce [49], who found evidence that pronouns are interpreted according to Centering first and only later is
commonsense knowledge used.

2.3 Summary of the Chapter
In this Chapter we introduced, first of all, some terminology and linguistic facts
about anaphora that will play a key role throughout the book, providing in particular definitions of linguistic context, anaphora and coreference, and antecedent. We
saw that even though virtually all methods discussed in this book will be concerned
with identifying the nominal-introduced antecedents of nominal anaphoric expressions, not all anaphoric expressions are nominals, and not all of their antecedents
are introduced by nominals. We also saw that not all nominals are anaphoric, or
even referring–NPs can be used with a referring, quantificational, predicative, and
expletive function. Finally, we introduced the notion of discourse model–the space
in which antecedents of anaphoric expressions are searched–and of file card–the
properties attributed to a discourse entity in a discourse model.
We next discussed some of the factors affecting the interpretation of anaphoric
expressions, distinguishing between constraints–hard factors ruling our certain interpretations –and preferences that simply rank interpretations. Among the constraints we mentioned agreement constraints, syntactic constraints including those
from binding theory, and semantic constraints. Among the preferences we discussed
lexical and commonsense knowledge, syntactic preferences such as parallelism, and
salience preferences, such as recency, first mention advantage, and focusing, distinguishing between local and global focusing effects, and introducing the Grosz /
Sidner framework that is among the best known formulations of focusing effects.
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