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In this paper | present different types of ambiguihat occur in annotating and
resolving anaphoric adverbials. My analysis coneges on the German temporal
adverbial danach (“after that” or “thereafter”). However, issuessdissed here go
beyond the analysis of this particular German wdrdassume that the types of
ambiguity presented in this paper occur not onlthveither anaphoric adverbials like
thereforeor besidesbut also with other types of anaphoric expressi@ng. personal
pronouns). At least, the “Justified Sloppiness Hiipsis” proposed by Poesio et al.
(2005) leads to this conclusion. First, | present account of the meaning and
anaphoric character of the German pronominal addartach By means of a pilot
study, | then show that the resolutiondznachinvolves several types of ambiguity,
namely structural and referential ambiguity. Regagdeferential ambiguity, we can
distinguish the following sub-types: 1. competitibetween temporal and situation
referents, 2. competition between simple and stredt situation referents and 3.
competition between different situation referefisally, | make some suggestions for
handling these types of ambiguity.

1 The German Pronominal Adverbdanach
Following Webber et al. (2003) and Miltsakaki et al. (2004), adakdonnectives like

howeverthereforeetc. are assumed éxpress (as subordinate and coordinate conjunctions)

binary predicate-argument relations. Nonetheless, they onlyngedf their two arguments
structurally, namely the matrix-clause. The other argumentdde derived anaphorically
from the discourse context. In German there are so-called pioaloadverbs likedanach
and dadurch (thereby which consist of an anaphoric element (elg) and a relational

element (e.g.nachor -durch) (cf. Rittenauer 1978, Fraurud 1992, Pasch et al. 2003). Due

to their anaphoric element these pronominal adverbs refer tefememt previously
introduced into the discourse. By means of their relational eletheytcan also establish a
temporal, causal or any other discourse relation between thenteté the antecedent (e.g.
a situation or a time-entiy) and the situation-referent oftatrix-clause of the anaphor (s.
example (1)). Thus, they can function as relational anaphora and adverbiativesnec

(1) [Eine Abordnung des Minchner Polizeiprasidiums legteder Gedenktafel einen Kranz fir
den 1972 getdteten Polizeibeamten Anton Fliegenbaigder], Danach begaben sich die
Mitglieder der Deutsch-Israelischen Gesellschaftl uwtler anderen Gruppen zu FuB3 ins 17
Kilometer entfernte Dachau.

[A delegation of the police headquarters of Muniahgown a wreath at the commemorative plaque of the
police officier Anton Fliegenbauer killed in 19F2After that the members of the German-Israelic
Society and other groups walked to Dachau which Wvakilometers away.

In order to find out which factors influence the resolution of the relatiovagdreordanach |
selected and classified a variety of occurrenceslasfachfrom a corpus study. In the
TIGER corpus, only 45 of approximately 100 occurrencedamiach(used anaphorically)
express temporal succession. The remaining ones mean “accartiagdt introducethe
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content of a previously mentioned ‘documentation’-noun $ikkely agreemenbr report®

In this paper | focus on the temporal incidenceslariach In general, temporalanach
expresses the temporal succession of two temporal entities tdaehbeen mentioned in
the text and which are usually conceptually related to each. diimy situations (i.e.
events, processes, states) and time-entities (given by a temporakexptike2006or New
Yean have a temporal dimension and can be temporally locateditlihgam introduced in
the anaphor-matrix-clause is temporally located with respesbine reference time in the
previous discourse given by a temporal expression or by an sipreferring to a
situation. More preciselydanach locates the matrix-situation in the post-phase of the
reference time (s. figure 1).

ref-time: pos-phas

time-entity[ sit matrix-sit
| | |
| |

v

end(ref-time) < begin(matrix-sit)

Figure 1: Temporal interpretation danach

Syntactically, the antecedent @énachis either an S-based phrase (a sentence, a clause, a
VP etc.) referring to a situation or an NP-based phrase (an RP)aeferring to a situation,

a time-entity or an object (coerced into a situation). Considémmgntological status of the
referents of the antecedent and of the anaphor, we can distingtigebsituational
reference (the referent is a situation) &rdporal reference (the referent is a time-entity).

1.1 The Pilot Study

As | assumed that théanachoccurrences of my corpus study might be ambiguous and
therefore difficult to annotate, | did a pilot study with 6ttpersons (all of them linguists). |
selected 24 examples (ranging from easy to tricky) anddabieesubjects not only to mark
the antecedent but also to name the referedapéch As | annotated the data (i.e. marked
the antecedent) | largely followed the annotation conventionmfarking arguments of
discourse connectives proposed in the Penn Discourse Treebaotaton manual (cf.
Prasad et al. 2006). Thus, only S- or NP-based phrases withiaditthibutes were possible
antecedents alanach To include all attributes has two advantages. First theeaeat is
not fragmented too much, so the annotation is clearer and easmndSlee annotator does
not have to decide which attributes are absolutely necessénylach are not — generally a
hard decision, s. example (2). Here the modificatiithin the forthcoming 24 houiis not
crucial for the interpretation afanachsince it focusses on the potential occurring of the
event rather than on a specific moment. Nonetheless, the madifickies not spoil the
interpretation. Therefore, all attributes of the antecedentatainsed in the annotations.

(2) Zu spat, wie amnesty international furchfeteil die Todesurteile binnen der kommenden 24
Stunden vollstreckt werden kénrterDanach so steht zu vermuten, werden wir uns den
Namen Ken Saro-Wiwa endlich gemerkt haben.

Too late, as amnesty international feasinde the death sentences could be executed wfithinext 24
hourg,. It could be supposed thiereafter we will keep in mind the name Ken Saro-Wiwa at.las

! As one of the reviewers pointed out Dutidmrnaappears to behave like Germ@anach except
that it does not have a content reading (meaadugrding tQ but only a temporal one.

2 My analysis of the temporal meaningdgnachis influenced by work on temporal connectors by
Herweg (1992), Schilder (2004) and Habel & Kned¥®).
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The disadvantage of keeping all (even unnecessary) attrilsutkeat the antecedent often
only partly refers to the referent of the anaphor. This algupéves regardless of its
unnecessary attributes. Thus, in some cases, the referentaiapleor has to be derived
from the antecedent or better from the textual anchor. Anotheraiomotonvention is to

choose as antecedent only the textually closest and shmfestntial expression from
which the referent ofdanach can be derived.In the PDTB annotation manual this
convention is called “Minimality Principletf. Prasad et al. 2006:13).

The subjects of the pilot study did not know about the converitibnganted to check
whether these conventions are really necessary as they tesimigt and for reasons just
illustrated not completely sound. Moreover, | wanted to know whetherhamd my
annotations differ from those of the subjects.

In general, the subjects had less problems to name thentefesia to mark the antecedent.
There are two possible explanations for this observation, Bsghe subjects did not know
about the annotation conventions, i.e. as they had no systemaliodniet marking the
antecedent (e.g. to choose only referring expressions like aRRBr S and including all
their attributes) they had trouble identifying the borders of the textatdrial to be marked.
Thus, to hand out the conventions to the subject in advance mightohaimend the
reliability of the annotated data. Second, the referent was ohly mentioned implicitly,
i.e. it had to be derived from the text. Then the subjects were unceriamawid how much
of the textual material was necessary in order to spdufydferent. This difficulty can be
explained as follows: Text understanding requires the activafitexiocal and conceptual
knowledge and many inferences are drawn in order to build up a colversreptual
representation of the text. The conceptual representation téxhes much richer than the
text itself (cf. e.g. Schwarz 2001, Graesser et al. 2001).XAsitelerstanding also relies on
implicit knowledge which is difficult to determine explicitlpeople are at a loss when they
are asked to precisely determine the antecedent. Theytlawapression that the textual
material contains less or more information than needed.

The aim of the paper is to show that annotating occurrencdanaichand representing
their meaning is a quite difficult task since there isteof implicit and explicit ambiguify
involved. | will now present different types of ambiguity foundtie data. Then, | make
some suggestions how annotating the examples can be facilitajedydahe annotation
conventions) and why we should and how we could account for the diffgqees of
ambiguity e.g. by using underspecified representations.

2 Different Types of Ambiguity

| distinguish two main types of ambiguity: structural and efgéal ambiguity. When the
subjects specified the same referent danach but marked different antecedents as in
example (3), | call this structural ambiguity. For the intetgiren of the example it does not
make a difference whether one assumes only the NP or the whole S as ahtecede

% This definition of the antecedent differs fromeattlinguistic one where the antecedent is the firs
(not the last) expression referring to the refeodrthe anaphor.

* The instructions given in the pilot study were:Fby the antecedent: Please mark the text span that
you think danachrelates to. and 2) For the referent: Please n&mmentity (in the world), i.e. an
event, a time-entity or an object to whidanachrefers to. 3) Please indicate the degree of diffjc
for each example as easy, medium or tricky. 4)d&le@mment on the example, if you want to.

® The distinction between implicit and explicit ambity is taken from Poesio et al. (2005). Implicit
ambiguity means that subjects do not notice theiguitly but as a group specify different
antecedents and referents. Explicit ambiguity metlnad the subjects notice and specify the
ambiguity.
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(3) [[Die erste Explosign ereignete sich gegen 9 Uhr in einem Pulver- unchititnsdepof,
Stundenlang kam efanachim Abstand von 10 bis 15 Minuten zu weiteren Dat@nen.

[At 9 o’clock[the first explosioh took place in a depot for gunpowder and ammunitidfor hoursafter
that further detonations took place at intervals otd @5 minutes.

In contrast, in referentially ambiguous cases there are adeptausible referents and
antecedents fodanach Thus, we get distinctive readings when different textual spans
referring to different referents are marked as antecedents (plex@y)).

(4) [In [dem Schauprozess 198Wird er zu[20 Jahren Halt verurteilt]; Danach lebte er als
Rentner in seiner Heimatstadt.

[In [the show trial 198]k he was sentenced {20 years in prison.]» After that he lived as pensioner in
his hometown.

In (4) choosing antecedenbr antecedeptmakes no difference with respect to the
interpretation of the temporal constellation of the two sitna related bylanach The end

of the trial and the end of the proclamation of sentenceearparally identical. However,
choosing antecedenwhich is preferred due to world knowledge yields another temporal
constellation between different situtations.

2.1 Annotating Structural Ambiguity

Example (3) demonstrates only one possible variant of stalictumbiguity. Structural
ambiguity can also be observed in anaphoric chains. In exampthee(Subjects marked
different antecedents while specifying the same referent, naheelyombing.

(5) [[Ein Mann sei herausgesprungen und habe eine Hamdgeagegen das Tor und die
Wachposten geschleudert, hieR es. Daraufhin sezdeite Tater durch das Tor gerast und
habe sich vor denBotschaftseingang samt der Bombe in die Luft gespie [[Die Tai,
geschah gegen 9.30 Uhr OrtsZgitals in der Botschaft normaler Alltagsbetrieb hehte],
Teilweise standedanach nur noch Gerippe des Gebaudes.

[t is said that a man jumped out and threw a grenadainst the gate and the sentinels. Thereupen, th
second committer ran amuck through the gate ana/ blienself and the bomb up in front of entrance of
the embass} [[The actioih, happened about 9.30am at local tifgevhen in the embassy everything was
at normal course of lif§, Thereafter, in part only the framework of the building wasté.

Due to the complex anapHatie Tatreferring to the propositionally structured referent (the
BOMBING) mentioned in the first two sentences either antecedernbe complex anaphor

is marked as antecedent. In the third sentence we agadntiie structural choice between
the NP-based-antecedgand the S-based-antecedefine subject marked all sentences as
antecedent | will turn to this issue in section 2.2.2.

| assume that structural ambiguity as in such cases can besdtharadisistently by the
annotation conventions proposed in section ‘130 according to the conventions
antecedentin example (3) and antecedeim example (5) should be marked. In section
2.2.2, 1 will discuss why this only partly resolves the ambiguity in example (5).

2.2 Annotating Referential Ambiguity

In this section | will present three types of referentiabigity: 1. competition between
temporal and situation referents, 2. competition between siamulestructured situation
referents and 3. competition between several different situatierents.

®S. Consten & Knees (forthc.) for a detailed arialgé complex anaphora.
" Another study is planned in order to find out wietthe inter-annotator agreement of marking the
antecedent raises when the subjects get the aimmotainventions beforehand.
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2.2.1Competition between temporal and situation referents
In some examples there is an ambiguity between a temporedniefasually a time span)
and a situation referent which is temporally located in that time span.

(6) Und der im Grunde hypersensible Pollock scheioh solcher Mannlichkeit zutiefst
beeindruckt gewesen zu sein, damgi Jahre 193%, als [er in Siqueiros New Yorker
Laboratorium zur Erprobung moderner Techniken in idenst mitarbeitetp. ... So erstaunlich
wie unstrittig ist ndmlich die Tatsachgdass Pollock dort jene Experimente bereits
kennengelernt haben migsdie er selbst erstehn Jahre danachanwandte: die Arbeit mit
Industrielacken und das Vertraufeln und Verschiitteln Farbe direkt auf dem Malgrund oder
mit der Spritzpistole, in einem Akt des ,kontrotlien Zufalls®.

And Pollock, virtually hyper-sensitive, seemedealbeply impressed by such a masculifiigt that time
in 1934, when he worked in Siqueiro’s New Yorker laboratorgrder to try out modern techniques in
art.], ... Thus, the facfthat there he must have got to know these expetsigevhich he used himsetén
years after that, is amazing and indisputable at the same timewbiks with industrial gloss paint and
his spilling and bloting with paint directly on tiseibfont or with the spray guns, in an act of ,colted
chance*.

In example (6) Pollock’s cooperation with Siqueiros,jsieferred to by antecedgrand his
getting in touch with these experimentsg)siteferred to by antecedgrdare interpreted as
taking place at some time interval within the year 193érredl to by antecedenihus, all
referents selected by the subjects are at least tempoehted to each other. The temporal
referent provides a time frame for the situation referargs t(sit) O t(sits) 0 t(1936)5.
Thus,danachanchors either at t1(1936), t(gitor t(sit) where the latter ones can be merged
to t, 0 t(1936) (i.e. some time interval in 1936). So in order to accourthéoambiguity, |
propose the following underspecified representatjeindt(1936)) O (t, O t(1936))] < 10-years
begin(t(using modern art techniquegiyhich means that the matrix-situation took place either ten
years after the end of 1936 or ten years after some point in time withiri 1936.

2.2.2Competition between single and structured situation refenats

This type of ambiguity is discussed as ‘circumscriptionVbgbber (1987), or ‘reference to
structured entities’ by Fraurud (1992) and Poesio et al. (2005). In exampiep@&ated here

as (7)) all subjects named the bombawgyreferent, but one subject conceptualised it as a
structured entity described by antecegent

(7) [[Ein Mann sei herausgesprungen und habe eine Hamdgeagegen das Tor und die

Wachposten geschleudert, hiel3 es. Daraufhin sezdeite Tater durch das Tor gerast und
habe sich vor denBotschaftseingang samt der Bombe in die Luft gespie [[Die Tai,
geschah gegen 9.30 Uhr Ortszeitals in der Botschaft normaler Alltagsbetrieb hehte],
Teilweise standedanachnur noch Gerippe des Gebaudes.
[t is said that a man jumped out and threw a grenadainst the gate and the sentinels. Thereupen, th
second committer ran amuck through the gate ana/ blienself and the bomb up in front of entrance of
the embass}y |[The actioih, happened about 9.30am at local timevhen in the embassy everything was
at normal course of lif§, Thereafter, in part only the framework of the building wagtté.

| consider this example to be similar to examples discusseddsid’et al. (2005). They
assume that people do not perceive this type of ambiguityfelitous, if the following
conditions hold (“Justified Sloppiness Hypothesis”):

1) “Both explicitly mentioned potential antecedertandy are elements of an underlying
mereological structure with summuim= x [0 y which has been explicitly constructed

8 t stands for the life’ or ,run’-time of the sittians and the time-entity.

° There are incidences whedanachdefinitely locates the matrix-situation within andt after the
time frame given by the temporal referent, s. tiWing example]During the Weimar Republic
the interventionism was modeiWhat happenethereafter in the Weimar Republic, has a great
deal to do with the fact that this concept did work as a problemsolver.
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(and made salient) in the dialogue”. This is only partly true thas example, as
antecedentdescribes several sub-events of the summum bombing and not amiyea s
element.

2) “[I]t is possible to construct a p-underspecified interpretétiwhich means that the
anaphor can refer to each of the elements or to the sumfgaim, this condition holds
only partly (for the same reason as before). The anaphoretamte the summundie
Tat), to antecedent (describing _severakub-events) or it refers to all of them
(anteceden).

3) “All possible interpretations [...] are equivalent for the gmse of the plan.” This
condition also needs a slight modification in order to hold: All ixdssnterpretations in
this example are equivalent with respect to the concepitialisof the structured
referent, as all subjects named the bombing as referent. Thasplegdike (7) can be
explained by an expanded version of the “Justified Sloppiness Hypothesis”.

(8) [In den 80er Jahren trieben Geriichte, dass die Fvd2dle als Mittel gegen Aids zulassen
werden, die Aktienkurse von ICN und ihren beidechTergesellschaften scharf in die Hghe.
[Panic nahm die Gelegenheit wahr, um eigene AktirenWert von 13 Millionen Dollar
abzugebef, [Dies brachte ihm zahlreiche Aktionarsklagen eirg dum Teil heute noch
anhangig sinds]s Kurz danach setzte die FDA das Unternehmen unter Druck, das im
Zusammenhang mit der urspringlich begrenzten Geigeimay verbreitete Werbematerial fur
Virazole zurtckzurufen.

[In the eighties rumours that FDA would admit Virgzas drug against Aids boosted the stock price of
ICN and its two affiliate; [Panic availed himself the opportunity of selling Bhares amounting to 13
million dollars], [This brought him in numerous accusations of shddsrg of which some are still
pending]s]; Shortly thereafter the FDA enforced his company to call back the dibement for
Virazole which had originally been approbated fotited use.

In example (8) a structured entity can be constructed, naimelghiain of cause and effect
resulting in the BA’S ENFORCEMENTIN the anaphor-matrix-clause. But only some of the
subjects named this referent, while others preferred aznefine raising of the share price
referred to by antecedendr Panic’s selling of his shares referred to anteced8ot this
example differs from the previous one in two aspects: firstetis no complex anaphor
explicitly introducing the structured referent and second, theessitglations in antecedent
antecedent and antecedentare causally connected to each other. This justifies their
grouping but as the results of the pilot study show the situadiom®t have to be clustered.
As far as | am aware there is no accomplished solution folihgritlis kind of ambiguity

(cf. Fraurud 1992, Poesio et al. 2005). Following the PDTB annotation if@nasad et al.
2006) cases like this are handled in accordance with the riMlity Principle”. It states
that only textual material that isriinimally requiredandsufficientfor the interpretation of
the relation” is marked as argument of a discourse connegtieeeas “other span of text
that is perceived to be relevent (but not necessary) in sagetawthe interpretation of
arguments is annotated sispplemeninformatiori (s. Prasad et al. (2006:13); highlighted
text as in original}® Thus, according to the PDTB manual only one — probably antegedent
— would be marked as antecedent. The other ones would get tisea$tataupplement. But
this is only a convention and not a proper solution for the ambiguity of this example.

Webber (1987, 1991) and Fraurud (1992) suggest that discourse strgoides the
interpretation of anaphoric expressions emphasising the role of the rigigrfiamrtstraint. |
think we have to accept that some anaphoric references agerhiguous and that Poesio
et al.’s (2005) p-underspecification provides a good means forseeqineg this type of
ambiguity.

1 The antecedent of the complex anapthiies (“this”) in the third sentence would also be markead
supplement.
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2.2.3Competition between several situation referents

The third type of ambiguity concerns cases involving several plausituation referents. In
example (9) half of the subjects named Jacksons demanding resirééedanachwhereas
the other half specified the Nuremberg trials as referent whertials are only inferred.

(9) Es sollte nach Robert Jacksons Willen kein &fiall bleiben;[er forderte schon damals die
Einrichtung eines Internationale Strafgerichtshof.. Gewil3, die Stralburger Konvention fiir
Menschenrechte, die Volkermord-Konvention der \faen Nationen entstanden unter dem
Eindruck von[Nurnberd,, Angriffskrieg gilt nicht langer als Recht souvee# Staaten. ... Ein
Internationaler Strafgerichtshof aber nimmt ersitbgb0 Jahre danach allmahlich Gestalt an:
in Den Haag, wo es um die Kriegsverbrechen im eligeraJugoslawien geht.

According to Robert Jackson’s volition, this shouldt remain an individual casehd has already
demanded at that time that an International Crinhilfdvision should be establishdd ... Surely, the
Convention of Human Rights from Strasbourg, the @ation of Genocide of the UN emerged from the
impression of[Nurembergd,; war of aggression is not longer a right of soigrestates. ... But an
International Criminal Division starts to graduathke shape today0 years after that in Den Haag
where the war crimes of the former Yugoslavia aaltdwith.

Both referents are plausible. The former Jacksons demandihg &stérnational criminal
division mentioned in antecederi$ described again in the anaphor-matrix-clause, so both
the antecedent-clause and the anaphor-clause are thematoaltected bydanach
Nonetheless, the latter referent derived from antecedentso plausible not only as it is
textually closer to the anaphor, it also gets causalgte@d to the establishing of the
International criminal division (and maybe even to Jacksons Dengnd¥loreover, the
Nuremberg trials are triggered by textual anchors INKélkermord (“genocide”).
Nonetheless, Jacksons demanding does not have to be inferred. Thus, cuatesiedent
reflects staying closer to the explicit textual mateniblle choosing antecederduggests a
more conceptually guided decision. Stdbth referents are somehow conceptually related.
Thus, this example may also be only another case of ambigudlyuntured enities. But we
cannot formulate a preference for one referent, so | conclude e¢htzwe to allow for some
instances of ‘proper’ ambiguity.

3 Summary and Conclusions

In the paper | first presented an account of the meaning and aicapharacterof the
German pronominal adverttanach By means of a pilot study, | have shown that the
resolution ofdanachinvolves several types of ambiguity, namely structural referential
ambiguity which have to be dealt with in the annotatiodafachoccurrences. In the case
of referential ambiguity we can distinguish the following sytes: 1. competition between
temporal and situation referents, 2. competition between simple amdustd situation
referents and 3. competition between several different situegfenents. In conlusion, |
argue that referential ambiguity has to be accounted for by uredéisg representations,
while structural ambiguity (e.g. anaphoric chains, competing NPSaarttecedents) can be
dealt with by the annotation conventions proposed. We should keep inhatrehhotation
conventions are a good means to standardise annotations but they anmesmely partial
solution for problems you have to deal with annotating and imtngr anaphoric
references.

Finally, we have to consider that the subjects often chose ombdate from a set of
plausible referents not noticing an ambiguity (implicit ambiguitihus, aglanachseems to
allow for some ambiguity, recipients are not expected to betalpescisely determine its
antecedent and/or its referent. So we better account for sqee of ambiguity, e.g. by

" The use ofNurembergto refer to theTRIALS is an example of the kind of metonymy where a
location name stands for something that happenetk tiis. Markert / Nissim's (2003: 9) on
metonyny and reference resolution).
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underspecified representations, since humans seem to tolenaes Poesio et al.’s (2005)
“Justified Sloppiness Hypothesistiggests.
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