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Abstract.

A second occurrence (SO) focus is the semantic focus of a focs#igeroperator (e.g.
only), but is a repeat of an earlier focused occurrence. SO foci anedtibmally distinct from
the original occurrence of the material, and are often claimed to lack &myational marking,
e.g. pitch accent (Partee 1999). This apparent dissociation of seraad intonational focus
is commonly used as an argument against theories which make stsangons about the
representation of focus at the syntax-semantics interface, e.g.$Big¢i®76), Jacobs (1983),
Krifka (1992), Rooth (1985) and von Stechow (1989). Contrarily,dhenomenon has been
argued to support pragmatic theories of focus, e.g. Roberts (198Byvarzschild (1997).

We report on the first systematic production and perception experittestow that SO
foci occurring after a nuclear accent are, as Rooth (1996b) himsedaprosodically marked.
We find (i) there is no mean pitch rise on SO foci; (ii) SO foci are marketbbger duration
and greater intensity; and (iii) listeners are able to detect the differemaede SO foci and
non-foci. On the basis of these results, we argue that SO focus is tiblapeith theories of
focus interpretation that it has been claimed to contradict. We also shothéhplhenomenon
is of significance for intonational phonology, specifically as regardsqgatic prominence in
the post-nuclear domain (e.g. Ladd 1996).
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1. Introduction

Phoneticians and phonologists use semantic criteria to provide independent
evidence for distinctions they make. If two productions are consistently as-
sociated with distinct meanings, then the phonetic difference between those
productions must be phonologically significant. Semanticists, by contrast,
tend to rely on the written word for much of their study, and so take phonetics
and phonology for granted. There is at least one area, howeverewbman-
ticists cannot rely on the written word, and that is the study of focus, as well
as related information structural phenomena like topic and contrast. Writing
systems do not provide any consistent representation of the prosoidicefea
which English, like many other languages, uses to mark these information
structural phenomena. Consequently it seems that the study of information
structure is an area where semanticists are dependent on the worknetipho
cians and phonologists to provide a clear account of what types of ngarkin
speakers use. If only it were that simple!

Despite a great deal of progress in intonational phonology in the last few
decades, Ladd (1996) argues that the development of phonologoaid of
intonation is hindered by an absence of clear evidence as to what théyunde
ing semantic distinctions are: “For the present, proposals about intorlationa
meaning are not a reliable source of evidence on intonational phorology.
(Ladd, 1996, p.102)This suggests that progress in the phonological study
of intonation and in the semantic study of information structure may benefit
from collaborative work between semanticists and phoneticians/phonislogis

It has been known that intonation affects truth-conditional meaning since
at least the work of Paul (1888:312ff). Consider our examples innftigre
italics indicate prosodic prominence (on eitmeoneyor Bill), and this em-
phasis is standardly described as marking focus. In English, focudésliyp
marked by a nuclear pitch accent; i.e., the last pitch accent in a phonolog-
ical phrase — see Cohan (2000) and Ladd (1996:45-46). The tweratiff
prosodic realizations of the same string of words yield truth-conditionally
different semantic interpretations. In a situation where Jan gives Bill and

1 The reader should set Ladd’s comments against a backgrounchiffcsigt advances in
the study of intonation in the previous twenty years, both as regards tizabnenovation and
as regards empirical work using elicited and naturally occurring datesé developments
are most clearly visible in the development of transcription standardsrglish intonation,
e.g. the ToBI system developed from Pierrehumbert (1980) (asasdbir comparable work
on other languages). A goal of such work has been to analyze spegubra, and several
corpora now have intonational transcriptions, e.g. the BRN corpuiidsrf et al., 1995).
Anyone who has studied intonational marking in such corpora, and whalso studied the
literature on the interpretation of focus, will realize that there remains algilieen the
two. Pierrehumbert and Hirschberg (1990) provide the best knatemapt to bridge the gulf,
although their model does not incorporate the phenomena which wilecomus here.
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Malachi money, and gives nobody anything else, (1a) is true while (1b) is
false.

Q) a. Janonly gave Bilnoney
b. Jan only gav&ill money.

Many standard approaches to grammar separate phonology and semantics
into components which cannot exchange information directly, as in Figtire 1.

SYNTAX

PHONOLOGY SEMANTICS

Figure 1. Generic depiction of core grammar architecture

In this standardly assumed architecture, the relationship between intona-
tion and meaning is mediated by syntax. Therefore, many authors from Hal-
liday (1967) and Chomsky (1972) on have concluded that there atactign
features which encode prosodic prominence. Chomsky (1976), fonghe,
suggested that all focused phrases move outside their base positiotteix. syn
Related ideas are present in recent work in the Principles and Parameters
framework; see e.g. Kayne (1998) and Tancredi (1990). Many atlnors
also postulate some syntactic effect of intonational focus, though they might
use features or derivations in a quite different way; see e.g. Roo85),19
von Stechow (1989), Krifka (1992), and Steedman (2000).

What all these accounts have in common is that they accept the premise
that there is a grammatically mediated interaction between focus and mean-
ing, albeit that this linkage may involve several stages. Yet recently some
have suggested that the interaction between focus and meaning is not gram-
matically mediated at all; seeliBing (1997), Dryer (1994), Kadmon (2001),
Roberts (1996), Schwarzschild (1997), Rooth (1992), and William87L9
These authors have suggested instead that many effects of focus oimgnea
might not involve syntax at all, but instead should be explained in terms of
pragmatics. This line of work strikes such a radically discordant note with
the approaches listed earlier that it is worth exploring whether the claims

2 The architecture assumed in the Minimalist Program, e.g. Chomsky)26@erges
from that in prior work, as does much of the terminology. It remains #se¢hat the phono-
logical processes &F (phonetic form and the semantic processed &t (logical form) do
not exchange information directly. Furthermore, if we talymtaxto refer collectively to
all the processes occurring between ttexiconand LF (rather than to a distinct level of
representation), the architecture assumed by Minimalists can still be takespecial case of
that in Figure 1.
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of the pragmaticists are justified. The current paper concerns oneyartic
claim which the pragmaticists have used as the cornerstone of their argu-
ment. Specifically, they have claimed that in certain environments the inter-
pretational effects normally attributed to focus are found even without the
intonational prominence that marks focus, and thus that those interpratation
effects need to be accounted for by a mechanism that is independerthof s
focus marking.

Let us examine a little more closely how the phenomenon we will study
here bears on the nature of grammatical interfaces, since this an issue of
potential interest across several linguistic subfields. In traditionalitaozh
tures, interfaces between modules are presumed to be tightly constragmed: w
may think of interfaces metaphorically as narrow channels through which
only certain types of information may pass. Specifically, it is common to
think of the function of the morpho-syntax/phonology interface primarily
in terms of segmental information, the information that determines which
morphemes are present and how those morphemes are grouped. Tdhe plac
of supra-segmental information in a modular grammar is unclear and rarely
discussed. Pragmatic theories of focus could be seen as part of gorisete
of keeping the interfaces between phonology, morpho-syntax and seman
tics as narrowly circumscribed as possible. These pragmatic theories lean
on extra-grammatical mechanisms to make up the shortfall, much as in the
model of Grice (1989.1f the interpretive effects of focus could be explained
pragmatically, then the phenomenon of focus would provide us with little
insight into how supra-segmental information is represented at the morpho-
syntax/phonology and semantics/morpho-syntax interfaces. But if thare is
grammaticized connection between focus and meaning, then that places min-
imal constraints on the supra-segmental information that must be représente
at the morpho-syntax/phonology interface. It also places a lower limit @t wh
information must be passed between syntax and semantics. What thd curren
paper will show is that the major argument which has been put forward in fa
vor of pragmatic theories of focus is empirically flawed. As far as we can tell,
there is no evidence that supra-segmental information like that marking focu
is treated differently than segmental information as regards the architecture
of the grammar: both contribute to meaning, and there ia paori reason
to view them as contributing in substantially different ways.

The specific phenomenon at issue in this paper has been studied exten-
sively in the semantic literature and involves expressions whichcemes
sensitive An expression is focus sensitive if its interpretation is dependent
on the placement of focus, keeping in mind that the linguistic realization

3 But note that it is controversial to what extent pragmatics may itself beettionalized
and possibly grammaticized — see e.g. Levinson (2000) for discussion
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of focus (e.g., by prosody, syntactic position or morphology) variesssro
linguistically.

All theories of focus sensitivity agree that expressions d¢ikly and focus
interact in linguistic contexts like that exemplified by (1). However, as a
special case of the controversy as to whether the interpretation of fecus
mediated via syntax, there is disagreement as to how grammaticized the re-
lationship betweepnly and its associated focus is (Partee 1999:215ff). Does
the lexical entry ofonly stipulate association with a focused constituent in
its syntactic scope, or are there contexts in which the interpretationatseffec
illustrated by (1) occur without focus being present either phonologically
syntactically? This question provides the main distinction between different
contemporary theories of focus sensitivity.

A number of examples have been cited in the literature involving an ap-
parent dislocation between the interpretatioronfy and the positioning of
prosodic prominence. Most of these examples fall under the rubseaind
occurrence focuswvhere a repeated focused item apparently lacks a pitch ac-
cent? The example in (2), adapted from Partee (1999:215), illustrates second
occurrence focus. The two sentences are to be read as a dialogueorih
vention of indicating the focused item with a subscripted “F” is widespread
in the syntactic and semantic literature, and, as will be discussed shortly, is
usually taken to indicate marking at a syntactic level, while our marking of
the second occurrence focus with “SOF” allows us to remain (temporarily)
agnostic as to whether the item described as a second occurrencésfotus
fact focused at a syntactic level or any other.

(2) Me: Everyone already knew that Mary only eats [vegetalles]

You If even [Paul} knew that Mary only eats [vegetablegs}, then
he should have suggested a different restaurant.

Partee (1999) summarizes the problem succinctlgnly is a focus sen-
sitive operator (i.e., needs an intonationally prominent element in its scope)
then the two occurrences ofly eats vegetabldn (2) should have the same
analysis. However, if there is no phonological reflex of focus in thersgc
occurrence ofvegetableghen this leads to the notion of “phonologically
invisible focus”. The notion of inaudible foci “at best would force theag-
nition of a multiplicity of different notions of ‘focus’ and at worst might lead
to a fundamentally incoherent notion of focus” (Partee 1999:215-216).

Following up on observational evidence presented by Rooth (1996b), in
this paper we present experimental data concerning precisely thendases
the pragmaticists have claimed interpretational effects without intonational

4 See Gussenhoven (1984), Haja (1973), Hagtova (1984), and Taglicht (1984) for
related discussion.
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marking. We will show that in these cases the claim that there is no intona-
tional marking is wrong. Specifically, we present the results of multi-subject
production and perception experiments in which we examine the acoustic
correlates of second occurrence focus in the scope of operatdysand
alwayswhich are both assumed to be focus sensitive in the bulk of prior
literature® Our results confirm that there are acoustic correlates involving
duration and intensity of the focused item, and show that the acoustic corre-
lates are perceptible. These conclusions make clear that the phenonfenon o
second occurrence focus does not provide an argument thahtsyrgactic

and semantic theories of focus are “fundamentally incoherent”. Indbed,
results could be taken as an embarrassment for pragmatic theories sf focu
since itis unclear on these accounts why speakers would mark focitexten
where that marking is pragmatically unnecessary.

For semantics and pragmatics, our results contribute to a long running
debate. But the phenomenon of second occurrence focus is notneathkn
phonetics and phonology. The results are of relevance to these fielaigdee
they shed light on the acoustic realization of focus, and the acousticrfiezpe
of the post-nucleardomain, the part of an intonational phrase that follows
the nuclear accent. As will be explained, the results (i) imply increased role
for phrasal stress in marking focus, while showing that pitch accentscdre
required, and (ii) suggest that although post-nuclear deaccentitnigtethe
appearance of pitch accents, phrasal stress distinctions must be peimitted
the post-nuclear stretch. This latter point buttresses arguments Ladg) (199
has put forward for the existence of post-nuclear prominence, althaugy
conclusions differ in detail from his.

The paper is organized around three hypothesed#rking Hypothesis
the Non-Standard Marking Hypothesiand thePerceptibility Hypothesis
all to be detailed in section 3. The Marking Hypothesis says that second
occurrence foci are prosodically distinguished from non-foci; i.eosd oc-
currence focus is prosodically marked. The Non-Standard Markinmptty
esis concerns the manner in which second occurrence focus is markkd,
specifically, how it is distinct from ordinary focus marking. The Percdjiib
Hypothesis says that second occurrence focus marking is perceptible.

Before presenting the hypotheses in full (section 3), we introduce the tec
nical background of the paper as regards the syntax, semanticegiies)
and phonetics/phonology of focus (section 2). The production anep&oo
experiments are presented in one section each (sections 4 and 5tivegpgec
together with their associated results and discussion of the interpretation of

5 But c.f. discussion in section 5: work conducted since our originatigeton study
indicates thabnly may be more prototypical as a focus sensitive operator &hanys To
look ahead, the experiments reported here did not yield significartt&ffe support of this
distinction, but this may be because our experimental design was notiéuten reveal a
distinction between the two.
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those results. There follows a more general discussion connecting-the re
sults to wider theoretical concerns (section 6) and, finally, some congludin
remarks and suggestions for future work (section 7).

2. Background

The following discussion will involve a range of phonetic, phonological; syn
tactic, and semantic notions of focus. These notions inchrdminencea
psychoacoustic notionphonological focus markingwhich in prior litera-
ture is sometimes referred to ppsodicor intonationalfocus), F-marking
(which is syntactic), andemantic focugan aspect of the representation of
meaning)’ Figure 2 illustrates the five-way distinction we employ in the
remainder of the paper.

We must now explain why the absence or presence of certain acoustic
properties comes to be a decisive factor for theories of focus. Sectlon 2
provides an introduction to the notion of semantic focus, specifically focus
sensitivity. We discuss syntactic F-marking in section 2.2 and discuss compet-
ing theoretical approaches towards F-marking in section 2.3. Section 254 link
the absence or presence of F-marking to the phonology of focus (tes fo
marking). Section 2.5 summarizes trgument from second occurrence fo-
cus i.e. the theoretical claim that motivated the experiments presented in this
paper. Section 2.6 then provides the necessary background onlgdicab
focus marking and its phonetic correlates. Finally, section 2.7 summarizes
what was known about the phonetics and phonology of second eccarr
focus at the onset of our research. This sets the ground for the lagiaruof
our hypotheses with regards to the nature of second occurrencerfarking
in section 3.

5 We are not committed to all the above notions being necessary comparfentseory
of focus: we merely seek to avoid terminological and conceptual s@riun an investigation
which spans multiple sub-disciplines of linguistics. To avoid one furthermpielesource of
confusion, it is important to note that the tefotushas been used to refer to a variety of
semantic phenomena in addition to the association with a focus sensitive@p@s in (1)
above), including contrastive focus (a), focus in question-answies fb), and focus in clefts
(c), or left dislocations.

a. |said | wanted [waffles] not [pancakes].
b. A: Whatwould you like for breakfast?
B: I would like [waffles}r, please.

c. ltwas [Karlr, who ate all the waffles.

These foci have sometimes been assumed to share phonologiced$edtuis is, however,
far from obvious (cf. Bartels and Kingston 1984, Hedberg and S084,2and Hedberg 2003).



8 Beaver, Clark, Flemming, Jaeger & Wolters

Semantic focus ONLY(groom) (Ax[gave x a kiss])

Syntactic F-marking

The bride only  pgave [the groom]r a kiss.

Phonological focus

: H* H* L- 1%
marking

P
=
=

Phonelic comrrelates = =
of focus marking o '—"’\/’\‘ V_/\ "R

The bride only gave the groom a kiss
F ]
Time (5) 138
f'” =\
Psychoacoustic e i
Promi A/
rominence o

Figure 2. Focus at different levels of representation

2.1. THE PHENOMENON OF FOCUS SENSITIVITY

Focus sensitivity can be thought of as a mechanism that allows two place op-
erators to select their arguments. Consider the English exclaslyewhich

is sometimes treated as a universal quantifier. The parallel with the cahonica
universaleveryis seen in examples like (3a,b), which invohardy within an

NP (hence “NPenly’). (4) relates the semantic interpretation of (3a) to (3b).

3) a. Only felines are immortal.
b. Everyimmortal is feline.

4) ONLY (FELINE)(IMMORTAL ) = EVERY(IMMORTAL )(FELINE)

In (4), oNLY represents the meaning arily. Let us call the first argument
of oNLy its restrictor, i.e. FELINE, and the second itscopeg i.e. IMMORTAL.
Thenonly is just like everyexcept that the operator we use to represent its
meaning has its arguments reversdd. the case of NRnly, configuration

" For arguments thainly andeveryare related in this way semantically, see e.g. de Mey
(1991) and Horn (1996). Note that on some approaches, the féauslyowould appear in
only's specifier at some point in the syntactic derivation (Kayne, 1998kKri2004). In this
case, NPenly might combine first with the argument we call here its scope, and sesibhd
the argument we call here its restrictor, making our terminology less tlaasparent for
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fully determines the restrictor and scope, but, as we will see, the situation is
more complex for VRanly.

The standard mechanisms for argument selection are (a) syntactic config-
uration and (b) morphology (e.g. case marking). In English, the burflen o
selection falls primarily to configuration. However, focus sensitive dpesa
like VP-only are unusual in that their arguments are not determined config-
urationally, at least not in surface form. Indeed, many analyses deveot
assume that the arguments of focus sensitive operators need to be aositinu
surface constituents. Consider (5a,b) (= (1a,b) with explicit F-markary],
their intended meanings (6a,b).

(5) a. Jan only gave Bill [money]
b. Jan only gave [Bill} money.

(6) a. ONLY(MONEY)(AZ[JAN GAVE BILL z])
i.e. everything Jan gave Bill was money.

b.  oNLY(BILL)(Az[JAN GAVE 2 MONEY])
i.e. everyone Jan gave money was Bill.

If (5b) is analyzed as in (6b), then the restrictor is the interpretation of
Bill, while the scope is derived by interpretationJain gave [...] money
which is discontinuou$.Common approaches to argument selection neither
allow for discontinuous arguments, nor explain how focus could play any
role. The puzzle of focus sensitivity is this: what mechanisms explain the cor
relation between the differing placement of focus in (5a,b) and the differin
interpretations in (6a,b)?

A wide range of English expressions have been analyzed as focus sen
sitive, including exclusivesofly, as in the above examples, but ajsat,
merely solely), additives {oo, alsg), scalar additivesgven, particularizers
(in particular, for examplg, intensifiers fgally, totally), quantificational ad-
verbs (isually, alwayg, certain quantificational determinemdny mosj,
comparatives, certain sentence connectibesgusecounterfactuaif-then),
negation, questions, and certain emotive predicadgsdt be glad thaf (Rooth,
1996a; Hajtova et al., 19985.

adherents of these approaches. It is presumably because of ttstamalard way in which
only combines with its arguments that terminology has not become standardiessl we
stick to a terminology that takes the analogy betweenoNR-andeveryas basic, and labels
arguments in other cases by extrapolation from this case.

8 1t might be argued thatAN should be kept out of the argumentasfly in (6a,b), in which
case we could think of the meaning of e.g. (5a) as underlyingly consistisgparate NP and
VP meanings combined conjunctivel@NLY (MONEY)(Az[SUBJ GAVE BILL z]) A SUBJ
= JAN. The interpretation of the subject in sentences with VP focus sensitivatope will
not be a concern of this paper. See Beaver and Clark (2003) faradysss.

9 It must be stressed that this is not a phenomenon peculiar to Englistednehany
languages appear to have an even richer array of focus sensitigsgwions than English:



10 Beaver, Clark, Flemming, Jaeger & Wolters

Clearly not all focus sensitive expressions are quantifiers, which snake
it inappropriate to label the arguments of those expressioresaictor and
scope However, all the expressions can be thought of semantically as multi-
argument operators, such that one argument position is filled by a fbcuse
expression. We will term this argument teemantic focusf the operatot?

Thus, according to the terminology we introduced previously, the semantic
focus ofonlyis its restrictor, and the puzzle of focus sensitivity may be stated

more broadly than above: how do language users associate phonihjogica

focused constituents with the semantic foci of focus sensitive operators?

Let us summarize just what is in need of explanation. First, sometimes an
operator can select for an argument (its semantic focus) even whergthe a
ment is separated from the operator. Second, there is no morphologseal ¢
marking or agreement to facilitate the link between operator and argument,
and neither is there any canonical configurational relationship in sufdamn
that determines what the argument of the operator is. But there is a tiomela
between the selection of one of the operator’s arguments and the placement
of focus marking.

2.2. GRAMMATICAL MECHANISMS FOR FOCUS SENSITIVITY

It is natural to think of focus as having a function analogous to that of a mor
phological case marker: it signals which argument goes where. Thuny, ma
theorists have assumed that a focused constituent is marked at the level of
syntax, normally with a special “F” feature, and then postulated that agfiurth
grammatical mechanism explains focus sensitivity. The details of the mecha-
nism depend on whether the F-marked constituent is moved or interpneted
situ.

Early proposals suggesting that F-marking triggers movement were those
of Anderson (1972) and Chomsky (1976). In work within the MinimalistPro
gram (Kayne, 1998), the focus sensitive operator would attract tharked
Bill in (5b) to the specifier of a phrase headedhyy.'!

witness, e.g., the many Dutch particles lacking simple translation equisaierEnglish
(Foolen, 1993). However, the claims we are attacking in this paper wade rior English,
and the paper is restricted to English alone.

10 Note thatsemantic focuis logically distinct from the phonological notion tifcus mark-
ing, although the experiments reported here suggest that a large classanftic foci must be
focus marked. See the introduction to section 2.

1 In Kayne (1998), the entire VBave Bill a bookmoves into the Spec ainly. It is unclear
what Kayne's preferred analysis of the semantic association with a feithin the VP would
be. Note that Krifka's (2004) hybrid association with focus accounviagarable to Kayne’s
but assumes that a separate semantic mechanism of focus assogatae®in tandem with
the syntax.
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In situ approaches became dominant in the semantics community after
Rooth (1985) observed a range of problems with movement accbuBtst.
in order to achieven situ interpretation, the semantics must depart quite
radically from the now canonical compositional account of Montagu@&4).9
Loosely, we may say tham situ approaches, while they do not move the F-
marked constituent itself, do move the meaning of the F-marked constituent,
passing that meaning from node to node on the syntactic tree until it becomes
accessible to a focus sensitive expression tkéy. For example, Rooth’s
(1985, 1992plternative semanticadds to every single constituent a second
semantic value for the focus in addition to the standard one, while yet another
modification to Montague Grammar is made in the Structured Semantics of
von Stechow (1989) and Krifka (1992).For current purposes, the details of
the modified semantics are not important. What is important is that in some
way the modifications mean that the semantics encodes which parts of the
meaning come from focused constituents, and which parts of the meaning
come from non-focused constituents. A focus sensitive operatantilanay
then be defined so as to act on this enriched encoding.

2.3. STRONG THEORIES OF FOCUS SENSITIVITY

Thein situand movement models described above explain the interpretational
effects which we term focus sensitivity in terms of grammatical mechanisms
conditioned on syntactic F-marking. Two questions arise as regardsehe pr
dictions of a model of this sort. First, if a constituent in an appropriate position
relative to a focus sensitive operator is F-marked, does it necessaciyriz

the semantic focus of that operator? Second, and more relevantly to the cur
rent paper, is the semantic focus of a focus sensitive operator aebtess
F-marked?

It is hard to find explicit discussions of these questions in the early lit-
erature on focus sensitivity. Nonetheless, we are not aware of amgcsic
proposal that would allow material with no associated F-marking to undergo
focus movement. As regardssitu approaches, it seems fair to say that prior
to Rooth (1992), it had been widely assumed both that F-marked constituents
were obligatorily interpreted as semantic foci, and that semantic foci were
obligatorily F-marked. And such assumptions seem hardly surprisingré the
are some environments where the semantic focus is not what is F-marked,

12 Rooth’s (1985) empirical arguments against movement-based miscimelude the in-
teraction of focus sensitive expressions with multiple foci and syntactiodslaKrifka
(2004) suggest that focus sensitive operators associate througgnmant of the syntactic
island that contains the associated focus, thus side-stepping some tbfsRagjections to
movement-based accounts.

3 Note that the analysis of focus given by Steedman (2000), althougholves Struc-
tured Semantics, does not depend on syntactic F-marking. For Stegihte@ation controls
derivation rather than syntactic form.
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then yet another mechanism must be postulated to explain focus sensitivity.
The very fact that models of focus like those described above reqgirid-s

icant revisions to syntax and/or semantics makes it unattractive to suppose
that yet further mechanisms are used in some céses.

It was Rooth (1992) who introduced a more nuanced view, one which
allows for F-marking to be dissociated from the semantic focus. In a broadly
methodological discussion, Rooth introduces a spectrum of possibléctheor
of focus, ranging fromweakto strong The idea is thatveaktheories are
those that involve the most stipulation and are thus only weakly explanatory.
Specifically, a weak theory would involve stipulating item by item which
words are members of the class of focus sensitive operators, and item by
item exactly how each member of the class operates on the focus. Both the
movement-based and situ models sketched above would be classified by
Rooth as weak, since no general principle constrains which expressaon
be focus sensitive.

A strong theory, in Rooth’s sense, would not involve any grammaticized
mechanism relating focus to argument selection or semantic interpretation.
Instead, the theory would have to rely on general principles of pragmatics
and interpretation to derive its predictions as to the effects of focus.dfita
of this handicap, and in spite of not allowing lexical specifications to make
any reference to focus, a theory could still predict focus sensitihaier,
the theory would clearly deserve to be calitbng'® But is astrongtheory
in this sense really a possibility? In fact, a number of candidate proposals
for strong theories have been put forward, although none of theg theen
applied to a wide range of focus sensitive expressions.

The general template Rooth presented for strong theories allows that op-
erators which have been termidus sensitivhave a free variable; the argu-
ment that we have been calling the semantic focus is introduced as a free
variable lexically. An effect of focus is to make certain discourse objects
salient, or to show that an already salient discourse object is to remaiarso. F
example,l only like [cheese} would be appropriate when the set of things
the speaker likes is under discussion, and hence this set is salient.dn@ str
theory, there is no grammatical rule forcing such a salient discourse entity to
become associated with the free variable, but this can optionally happen. On

14 Of course, it is clear that in written language F-marking usually canndehbiged from
surface form alone, which might lead us to wonder to what extent layggusers really need
a special grammatical mechanism to mediate focus sensitivity. But tizém, digere are many
obligatory distinctions in spoken language that are not available in standaagraphy. An
example is the stress pattern on some bisyllabic words which are ambigatwsen noun
and verb in standard written forno(invite versusan invite).

15 Rooth also considers the possibility of what he termingermediatetheory, one which
allows for lexical stipulation, but only of a very limited sort. Von Fintel's (#92995) account
of quantificational adverbs may well be an intermediate theory, thoughuiti@lso be taken
as strong.
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such a view, free variables involved in focus sensitivity are resolvegdrpat-

ically in much the same way as a pronoun optionally becomes associated with
a salient discourse entity: Maf2003) explores this parallel. The tricky task
that proponents of strong theories set themselves is then to make surethat th
right discourse object gets tied to the right free variable at the right time. We
will not discuss the details of how pragmatic models might achieve'¢this.
For current purposes, suffice it to say that all such models wouldgbred
the possibility that an F-marked constituent would not become the semantic
focus, and that sometimes the semantic focus could be a constituent that is
not F-marked.

It should now be broadly clear how the the strong/weak split relates to
the question of whether there are environments in which semantic foci are
not syntactically F-marked. Weak theaories, in the form they have beenl state
would lead us to expect obligatoriness of F-markih@hus they predict that
that there are no environments in which semantic foci are not syntactically F-
marked. To complicate matters, it is possible to conceive of a theory in which
the relationship between F-marking and interpretation was grammaticized but
optional. We will not attempt to describe such a model in detalil. It suffices to
say that the more evidence we find for non-F-marked semantic foci, the more
plausible strong, pragmatic theories are going to become, while contrarily,
evidence of a compulsory link between F-marking and interpretation previde
support for grammaticized models, despite Rooth’s disparaging descriftion
them aswveak

2.4. RELATING THE STRONGWEAK DISTINCTION TO PHONOLOGICALLY
UNMARKED SEMANTIC FOCI

We are almost at the point where we can tie this discussion in with the
main empirical phenomenon to be examined in this paper. But first, there
is one further subtle distinction which we need to amplify: that between
phonological focus marking and syntactic F-marking. We have described
above how models may vary according to whether the link between interpre-
tation and F-marking varies according to the environment, or is compulsory,
but we have not said much about how F-marking relates to phonological
focus marking (and, ultimately, to psycho-acoustic features such as promi-
nence). The relationship is not straightforward. Often, a phonologifazdlys
marked constituent appears to be F-marked, and that constituent may be-
come the semantic focus of a focus sensitive operator. But it is also [@ssib

16 For pragmatic models which Rooth would classifysa®ong the reader is referred to
Vallduvi (1990), Roberts (1995), Roberts (1996), Schwarzschild (39Q&)mon (2001),
Marti (2003) and Geurts and van der Sandt (2004).

7 Beaver and Clark (2003) provide syntactic and semantic criteria foraiblimess of F-
marking, and show that F-marking is obligatory in the scope of someesgjums which are
usually taken to be focus sensitive.
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for the F-marked constituent not to correspond directly to expressiess b
ing phonological focus marking. For example, the W&ve a dogmay be
F-marked ifdogis the only word which is phonologically focus marked.
Relating phonological focus to F-marking are theoriefotis projection
which include the models of Selkirk (1995) and Truckenbrodt (1996 T
guestion that we care about here is this: is the relationship between F-markin
and phonological focus optional or compulsory? If there was coredidier
optionality in this relationship, then it would be very hard to ever get data
on whether the relationship between F-marking and semantic focus was it-
self optional or compulsory. In effect, all we would know would be that
somewhere between phonological focus and semantic focus, some bfgtiona
crept in, but we could not tell whether this should be thought of as docur
in the phonetics-phonology map, the phonology-syntax map or the syntax-
semantics map. Focus projection remains an area rife with disagreement, but
it suffices for current purposes that in models with which we are familiar, th
following principle is adhered to:

Focus Projection An F-marked constituent must contain at least one phono-
logically focus marked sub-pait.

Given that F-marked constituents contain a phonological focus, we can
now say that many weak, grammaticized theories of focus should lead us to
expect not only a compulsory relationship between F-marking and interpreta
tion, but a compulsory relationship between phonological focus markidg an
interpretation. Specifically, such theories predict that the semantic focus of
a focus sensitive operator should correspond to a constituent thiairtoa
phonological focus (Partee 1999:217). Of all the predictions made loy the
ries of focus, it is this prediction that has come under heaviest attack in the
semantics literature, and by far the most common basis for the attack is the
phenomenon known a&gcond occurrence focus

2.5. THE ARGUMENT FROM SECOND OCCURRENCE FOCUS

We have already seen (an adaption of) an exammeadnd occurrence focus
from Partee:

(2) A: Everyone already knew that Mary only eats [vegetables]

B: If even [Paul} knew that Mary only eats [vegetableg}:,
then he should have suggested a different restaurant.

8 Note that what we call F-marking corresponds to what others woulcridesas undom-
inated F-marking. Selkirk (1995) distinguishes F-marked constituentsitbanot dominated
by any other F-marked constituent by the label Foc. Schwarzschi@Bjiftroduces a con-
straint FOC (“A Foc marked phrase contains an accent”), which sporads to the principle
termedFocus Projectionabove.
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Let us repeat the analysis of second occurrence focus exampkEs igiv
section 1, but using some of the concepts we have introduced. Sentence B
contains two focus sensitive operatoesenand only. The semantic focus

of evenis Paul, which is also a phonological focus. The semantic focus
of only is vegetablesBut Partee and others note thafgetablesn its sec-

ond occurrence, i.e. the occurrence in sentence B, can be felicitatestgdi
without any pitch movement, and hence, they suppose, it cannot contain a
phonological focus. By focus projection, it follows that this occureen€
vegetabless not syntactically F-marked. Thus we appear to have a case of a
dissociation between semantic focus and F-marking, contra what is edpecte
on the movement and situ accounts of focus sketched above.

It is this type of analysis which has allowed theorists to argue that second
occurrence focus data counter-exemplifies weak theories of focupnete
tation. As mentioned previously, many authors hold that second occerrenc
focus data provides evidence against the majositu focus accounts (al-
ternative semantics and structured meaning semantics). These include Vall-
duvi (1990), Rooth (1992), Dryer (1994), Roberts (1996§riBg (1997),
Schwarzschild (1997), Williams (1997), Kadmon (2001), and M&®03),
all of whom interpret second occurrence focus data as favoringg@o-
counts of association with focus phenomena over weak accounts.

We now present in a maximally explicit form the argument from second
occurrence focus data against grammaticized theories of focus signsitiv
most arguments in the literature from second occurrence focus haeallyas
the same structuré”:

1. Weak, grammaticized theories of focus sensitivity require the semantic
focus to be F-marked.

2. By focus projection, these theories also predict that the semantic focus
should contain a phonological focus.

3. (a) Second occurrence foci are semantic foci,
(b) but second occurrence foci contain no phonological focus imgirk

4. Therefore we should prefer a strong, pragmatic account of focus

This paper hinges on step 3b of this argument, which we will show to be
unjustified empirically, and we now turn to a crucial assumption on which 3b
rests. Most semanticists (a notable exception being Rooth (1996b), skstcus
below) have assumed that absence of pitch movement correlates witlc@absen
of phonological focus. But acoustically based observations of secocur-
rence focus data cannot directly record the absence of phonoldgamad

19 See e.g. Rooth (1996b:206) for a similarly organized argument.
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marking, so it is crucial to consider in more detail how phonological focus
marking corresponds to the acoustic signal.

2.6. THE PHONETICS AND PHONOLOGY OF FOCUS INENGLISH

According to standard accounts of English intonation, focus marking typ-
ically involves the alignment of a pitch accent with the primary stressed
syllable of the focussed item. A pitch accent is “a local feature of a pitch
contour — usually but not invariably a pitch change, and often involving a
local maximum or minimum” (Ladd 1996:45-46) — cf. Bolinger (1958) and
Pierrehumbert (1980). In the widely adopted framework of Pierrehambe
(1980), pitch accents are represented phonologically as high or lowg tone
(H*, L*) or combinations of tones (e.g.-tH*), and are annotated with an
asterisk to differentiate them from boundary tones, which associate to the
edges of phonological phrases. A phonological representation dfittuds
illustrated in Figure 2 above.

Although focus is most frequently marked by an H* accent (e.g. Hedberg
and Sosa 2001; Hedberg 2003), there are many exceptions to thislgexer
tion. For example, in yes-no questions, focus is often marked by+aA*L
accent (Hedberg and Sosa 2002). More specifically, focus is usuallked
by a nuclear pitch accent, i.e. the last pitch accent in a phonologicaleghras
— see Cohan (2000) and Ladd (1996:225ff). The nuclear acceatigiped
as more prominent than preceding accents in the same phrase. For example,
in an utterance of (5b), repeated below, there could be a pitch accdaton
but this first accent is perceived as less prominent than the nucleartdbat
marks the focusBill.

(5) a. Jan only gave Bill [money]
b. Jan only gave [Bill} money.

This observation corresponds to Jackendoff's (1972:229) gkredian
that focus is marked by “the main stress [...] in the sentence”. Jackendoff
refers primarily to phrasal stress in the sense of Chomsky and Halle)(1968
but it is clear that these stresses correspond to nuclear accentsisasissdd
further below.

At the phonetic level, a pitch accent is primarily a pitch event, as the name
suggests. Pitch is properly speaking an auditory property, but itsymrels
fairly directly to fundamental frequency (f0), which is a measurable gntyp
of the speech signal. So the main acoustic correlates of a pitch accenbare to
found in the fO contour. For example, the H* pitch accent marking the focus
in the example given in Figure 2 is realized by a local maximum in fO. How-
ever, it is well established that accented syllables also differ from lexically
stressed but unaccented syllables in having greater duration and infgnsity
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key acoustic correlate of perceived loudness) (Sluijter and van Hel886a;

Turk and White 1999). There is also evidence that accented vowels tend to
have more extreme formant frequencies, and thus better differentiated vo
guality (de Jong, 1995; Harrington et al., 2000).

It is not clear that the greater duration and intensity of accented syllables
are correlates of the pitch accent per se, instead they may be corrdlates o
phrasal stress. Many models of intonation analyze the prosody of agpasa
involving two interacting components: the intonational melody and phrasal
stress (e.g., Pierrehumbert 1980, Selkirk 1995). The intonational metody
sists of a sequence of pitch accents and boundary tones, while the stress
pattern involves the relative prominence of syllables in the phrase. Howeve
stress and intonation are intimately related because pitch accents can only
be assigned to the syllables that receive the strongest stresses indke, phr
and the nuclear accent falls on the main stress (Pierrehumbert, 1983 Th
constraints imply that pitch accented syllables are also stressed, but @ot vic
versa. Given such a model it is possible to construe the greater duration a
intensity of accented syllables as a correlate of the phrasal stress that ne
essarily accompanies the pitch accent, and thus treat pitch accents lgs pure
pitch-based. This analysis is consistent with evidence that stress is ngrked
greater duration and intensity in the absence of pitch accent (Beckm&n 198
Sluijter and van Heuven 1996a, 1996b).

Other analysts, such as Bolinger (1958), have argued that phrasai-p
nence is marked by pitch accent alone, so there is no role for a separate
notion of phrasal stress (see Ladd 1996:45ff. for a detailed discusbibis
dispute). In section 6, we will argue that the distinction between phrasakstr
and pitch accent is helpful in analyzing the differences between the ngarkin
of Second Occurrence Focus and regular focus, but for now alirtaters is
that pitch accents are generally accompanied by greater duration and inten
sity, whether these properties are direct correlates of the pitch acceoft, o
the accompanying phrasal stress. Accordingly, duration and intensiisa
play a role in marking focus. Ladd (1996:226f) has gone further, esigty
that certain foci (e.g. in the answer to a question) can be marked without a
pitch accent, so that non-pitch measures may become the primary indicator of
focus. It is thus natural to examine the role of non-pitch measures indecon
occurrence focus, and, as will now be discussed, we are not thiofds so.

2.7. THE PHONETICS AND PHONOLOGY OF SECOND OCCURRENCE
FOCUS

We now turn from the general issue of how focus is marked to the more
specific issue of how second occurrence focus is marked. It is @lgnac-
cepted that second occurrence foci do not contain a pitch movementgtitho
we know of only one systematic experimental study of pitch movement in
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second occurrence focus — Bartels (1997), discussed below. Barh#ins
possible that a phonological correlate of second occurrence focesponds
acoustically to other measures discussed above, such as durationityintens
and vowel quality.

We presented in section 2.5 an explicit argument from the phenomenon of
second occurrence focus, an argument which would be underminedifid
be demonstrated that second occurrence focus has phonologicahtas.
Rooth (1996b) presented suggestive evidence indicating just that cemid'&R
observations provided the impetus for the more systematic experimental stud-
ies which we report here.

Rooth recorded himself uttering two minimal pairs of SOF dialogues like
(7). The VP containing the second occurrence focus was textually idéntic
in all the examples he discussed. This allowed Rooth to compare second
occurrence focus NPs (e.§annyin (7b)) to controls where the same NPs
were not in focus at all (e.gMannyin (7a)), but in which other factors are
held constant.

@) a. A: Do you want Sue to only [nameManny today?
B: No. I only want [Eva} to only [namejor Manny today.

b A: Do you want Sue to only name [Mannpyjoday?
B: No. I only want [Eva} to only name [Mannyor today.

Rooth found that the pitch track was flat in second occurrence focsis po
tion for examples like (7), but that he could auditorily detect the marking
of second occurrence focus in his own productions. Furthermoraptes

that this marking of second occurrence focus is visible in the small sample
of his productions for which he presents waveforms and spectrogiams.
these productions, although no major pitch movement is visible on second
occurrence focus expressions, these expressions have gresttord and
absolute intensity than their non-focussed counterparts.

In related work, Bartels (1997) studied non-pitch correlates of prorsmen
(relative syllable lengthening and amplitude) on second occurrencesexpr
sions in a multi-subject production study. She found that second ooccerre
foci differed from ordinary foci not only with regard to pitch, but asmpli-
tude and duration. While Bartels demonstrated that a systematic experimental
approach to second occurrence focus phenomena was possibienicr-
sions concerned the different realization of second occurrenass fisom
regular focus. She did not add controls in which the test words wereinot
focus at all, i.e. in which the test words were neither foci nor secondrecc
rence foci (Bartels 1997:24). Thus her experiments do not determiathesh
second occurrence focus is marked prosodically or what its corretaggd
be, but merely establish that if second occurrence focus is marked,ahen
several acoustic dimensions, it is marked differently from ordinary$ocu
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3. ThreeHypotheses

Are there, as Rooth suggested, acoustic correlates of focus in secomd
rence focus position? Rooth’s work suggests the hypothesis in (8)isIf th
hypothesis is correct, and under the reasonable assumption that piioablo
focus marking can be operationalized in terms of these acoustic correlates,
the argument from second occurrence focus unravels. In Sectwa Hport

on a production study that confirms that second occurrence foci deedn
acoustically distinguished from non-foci.

(8) MARKING HYPOTHESIS Second occurrence foci are acoustically dis-
tinguished from non-foci.

In discussions of second occurrence focus, it has been genesallynad
that lack of pitch accent implies lack of focus marking. A possible expla-
nation for the intuition of some researchers that second occurrenicaréoc
not prosodically marked is that second occurrence focus is not marked in
the same way as ordinary focus. As noted above, focus could be mayked
other means than pitch accent such as duration. This hypothesis is stated in
(9). As noted above, Rooth (1996b) and Bartels (1997) providdavpnary
evidence that the acoustic realization of second occurrence foaisdiffam
that of ordinary foci. In Section 4, we confirm that duration and intensity
rather than pitch are correlates of second occurrence focus marking.

(9) NON-STANDARD MARKING HYPOTHESIS Second occurrence focus
marking is distinct from ordinary focus marking.

While Section 4 provides experimental evidence that second occurrence
focus correlates with some phonological feature which is acoustically dis-
tinguished, this leaves open the question whether the phonetic difference
between second occurrence foci and non-foci is perceptible.dtioBed, we
present results from a perception study that demonstrates that thealiproso
correlates of second occurrence focus are strong enough to Geppble.

This hypothesis is stated in (10).

(10) PERCEPTIBILITY HYPOTHESISHearers can distinguish between the
prosodic realizations of second occurrence foci and that of non-fo

4. A Production Experiment

The primary goal of the first experiment concerns M¥RKING HYPOTHE-
sisthat second occurrence foci are acoustically distinguished fronfaown-
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This hypothesis competes with the null hypothesis implicitly assumed in
the argument from second occurrence focus (cf. section 2.5) teahde
occurrence focus is not prosodically marked. The experiment testsuhis n
hypothesis.

Earlier, we alluded to a possible explanation for the strong intuition of
some researchers that second occurrence foaust fecus marked: second
occurrence focus is not realized acoustically in the same way as ordinary
focus. This intuition was formulated in thé€ON-STANDARD MARKING HY-
POTHESIS A secondary goal of the production experiment was to confirm the
non-standard marking hypothesis by singling out respects in which decon
occurrence foci differ acoustically both from non-focussed esgions and
from ordinary foci.

4.1. DESCRIPTION OF THE EXPERIMENT

We ran a production experiment in which naive subjects read pregetpar
written materials.

Subjects: 20 US born native speakers of English (10 female, 10 male) were
recruited, none with any training in linguistics.

Stimuli: An example of a minimal pair of discourses used as stimuli is given

in (11) and (12). These three-sentence discourses are designeihéosgc-

ond occurrence focus effects in the scope of a focus sensitivatopén the

third sentence. In this case, the relevant operatonlg, while in other test

pairs the operator wadways Note that another focus sensitive operataen

is also present. The presence of this operator in the subject NP of the third
sentence leads the sentence to be uttered with a nuclear accent in the initial
NP (here orstate prosecutgr On the basis of prior literature, we know that
this creates a condition for reportedly unaccented realization of the decon
occurrence focus.

(11) a. Both Sid and his accomplices should have been named in this
morning’s court session.

b.  Butthe defendant only named Sid in court today.
Even the state prosecutor only named Sid in court today.
(12) a. Defense and Prosecution had agreed to implicate Sid both in
court and on television.
b.  Still, the defense attorney only named Sid in court today.
Even the state prosecutor only named Sid in court today.

In examples (11) and (12), the relevant potential foci Sieckand court
For all the stimuli we used, the material following the second focus sensitive
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operator in the third sentence (e.g., (11c) and (12c)) does not défermien

the two members of the discourse pair. Thus, the phonological contakigfor
segment of text containing the the two potential foci should not differ bertwe
the two elements of the minimal pair. We can therefore attribute acoustic
differences between the potential foci in the two pairs to second ocmare
focus effects. In all the minimal pairs, it is variations in the content of the firs
two sentences of the discourse (e.g., (11a,b) and (12a,b)) whicheddais
set up context and produce the effects to be measured.

In (11b), Sidis the semantic focus of the focus sensitive operatuy,
whereas in (12b)xourtis the semantic focus, ar®idis non-focal. Sentences
(11c) and (12c) contain a textually identical Ven{y named Sid in court
today) to the (b) sentences, but the VP in (11c) and (12c) follows an earlier
phraseeven the state prosecutoontaining what we take to be the nuclear
accent of the sentence (presumablystate prosecutgr According to the
discussion in section 2, this is a configuration in which second occurrence
foci, such as the focus in the VP in each of the (c) sentences aboeshban
reported to be unmarked prosodically.

Crucially, the focus in each of the (b) sentences in (11) and (12) was
different, so the textually identical VPs in the (c) sentences should difilgr o
in so far as they contain different expressions which are secondreoce
foci. In (11c),Sidis the second occurrence of a focus, andrtis non-focal,
whereas in (12c)Sid is non-focal, andcourt is the second occurrence of
a focus. Thus the hypotheses above can be operationalized in terms of the
acoustic differences between the realizationSidfin each of the two final
sentences, and the acoustic differences between the realizationsroin
each of the two final sentences.

If an expression is the second occurrence of a focus in the finalrsente
of a discourse, we will say that the expression is in skeond occurrence
focuscondition, and otherwise we will say it is in ti@n-focalcondition.

Note that our stimuli are designed so that each minimal pair of discourses
gives us two distinct probes of the hypotheses, since the conditiong-are r
versed for the two potential second occurrence fidiandcourtin the two
discourses.

We used a total of 14 discourse stimuli, made up of 7 minimal pairs like
those above. In each case, the repeated focus sensitive operatonlywar
always while the focus sensitive operarenwas used to induce the nuclear
accent in the subject of the final sentence of the discourse. In as thee
potential second occurrence foci in the final sentence are not serfieal,
this being contrived by the use of an additional adverb; ¢oglayin (11c)
and (12c). The reason for adding an adverb is to prevent featiagsotential
focus expression from being combined with, and perhaps masked Hy, pitc
movements marking the end of an intonational phrase.
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Presentation and procedure: Following standard procedure, the 28 exper-
imental stimuli were arranged in a pseudo-random order and intermingled
with 16 unrelated filler stimuli, also discours&sTo control for recency
effects which might occur when a subject encounters both members of a
minimal pair of discourses, we ensured that paired discourses weagsalw
separated by at least four other discourses, either other experinséntal

uli, or fillers. In this way, four different stimuli lists were constructed. Eac
participant in the study received one of these lists and list was included as a
factor in the statistical analysis. The 28 experimental discourses consfsted
seven minimal pairs repeated twice (for an example of a minimal pair, see (11)
and (12) above). After recording all the speakers, the word baigsdaere
marked on the two probes taken to be potential foci in the target sentenge (i.e
the third sentence of each discourse); esgd,andcourtin (11c) and (12c)
above. This procedure yielded 28 (discourses)0 (subjects)x 2 (probes

per target sentence> 1120 probes.

The word boundaries were labeled by a subset of the authors (DB, BC,
and MW), based primarily on examination of spectrograms. For each word,
boundaries were marked at acoustic landmarks (such as stop claseaes)
the word onset and offset. The landmarks were selected (i) to be cartlyiste
identifiable across utterances of a word, and (ii) to include the vowel of the
test word, since this is the expected locus of pitch and duration effects. All
analyses are based on paired comparisons of the same words in abn-foc
and re-focused conditions, so consistency across conditions is ofghtegt
importance.

Having hand-labeled all the relevant word-boundaries, seven fihomea-
sures were taken for each target word. The measures were durétioa o
target word (in seconds), root-mean-square intensity of the word ¢ibels
(dB); henceforth rms intensityjlQ range, and maximum, minimum, and mean
fO (all in Hz)2! A pseudo-energy measure was created by multiplying the
standardized rms intensity value (standardized to the mean and standard de-

20 Fillers were drawn from a separate experiment, reported in Wolters aadeB (2001).

21 |ntensity andfO information were extracted using standard procedures in Boerstha an
Weenink’s Praat program. All pitch measures and the intensity measure were normalized
using standard deviation from meéhin that single utterance and therefore are analogous
to z-scores. This was done to prevent confounding effects frorardiftes in the speakers’
characteristic pitch ranges. Distributional normality of test measurebeaiffected by such
operations, and is addressed in the last appendix.

Note also that all0 measures are across a section strictly including the vowel. Thus there is
potential interference from obstruent perturbations. This could heee avoided by analyzing
only a subpart of the vowel. However, (i) we performed an analydisad{involving the same
focused words) in the second sentences of the discourses usingrteersgthodology, and
found that pitch accents were easily detectable, so there is reason to #itiokitpproach is
sensitive td0 effects; (ii) obstruent effects, if present, would have been regtidpleur item
analysis, but we observed no such effects; (iii) we hand-corredtel ipeasures for a subset
of the data, and found no change in results. Furthermore, analyZiyg enbpart of the vowel
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viation of the overall utterance) by the duration of the target. These ne=asur
were selected based on previous research concerning the acoustlates
of focus, reviewed in section 2.6.

We were interested in minimal differences in the phonetic realization of a
phrase depending on whether it was repeated and a second oceuoens
or repeated and not focused. In the experimental items (the severediffer
types of discourses), the areas of interest were both the first anddbeds
post-verbal NP (in most cases, the direct and the indirect object) of ¢she la
sentence in a discourse.

For each phonetic measure taken on the target items we conducted both
a by-subjects (henceforth F1) and a by-items (henceforth F2) andigsib.
ANOVA corresponded to a two-way crossed 2 repeated measures design
of second occurrence focus (whether the preceding context identified the
target phrase as second occurrence focus or notyvand position (whether
the target phrase was the direct or the indirect object). Following CI&K3)L
and Raaijmakers et al. (1999), a minimum F was calculated from the F1 and
F2 analyses. This maximally conservative approach was taken because th
results reported below refute the long-standing opinion that second-occu
rence focus is not phonetically marked. Although, we report F1, R2manF
values below, our conclusions are solely based on the conservativeanaihF
ysis. If not mentioned otherwise, F-values are reported as significart if
0.05, and as marginal < 0.1. Word position was included in the design in
order to test for interactions betweetrd position andsecond occurrence
focus. Table | provides a summary of all independent and dependent variable
considered in the experiment.

A blind review process was performed prior to the statistical analysis.
Overall, 0.7% of the data were used for the analysis of duration, intensity, a
energy and 2.8% of the data were excluded from the pitch analysis (|rad
tailed description of the exclusion criteria, see appendix B.1). The higtiar d
loss for the pitch analysis is due to the well-known problems of pitch-tracking
algorithms??

might have lead to other problems, for example the risk of missing late pitedmgs, which
do occur in our data.

A related issue comes up with respect to variation of intrif$ic the stimuli according to
vowel height. We did not control explicitly for vowel height, although thg@é&twords in the
stimuli have a range of vowel heights. We can make a similar commeagisaexith respect to
segmental effects of obstruents: if intrinéiceffects due to vowel height had systematically
affected second occurrence focus expressions differently fom¥focal expressions, then that
would have shown up in our item analysis, but it did not.

22 Most exclusions were due to problems trackffign creaky voice. This could be prob-
lematic in an experimental study of prosody, since creaky voice is prasly correlated with
prosodic factors. E.g., creaky voice is less likely to obscuref@haf a nuclear accent than
to obscure th€0 of material in the post-nuclear tail. Sinfetracking problems affected less
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Table I. Summary of independent and dependent variables

Type Variable name Variable description

Independent vars.
(within subjects  second occurrencefocus Whether the probe is a second occurrence
focus expression

word position Whether the probe is the first or second of
the two marked NPs in the target sentence

(between subjecks list Which of the four lists did the subject read?
Dependent vars.

duration Duration of the probe in msecs

intensity R.m.s. intensity of the probe in dB

energy Relativized overall energy over the probe

maximum f0 MaximumfO over the probe in Hz

mean fO MeanfO over the probe in Hz

minimum fO Minimum fO over the probe in Hz

fOrange Range of0 over the probe in Hz

4.2. PREDICTIONS

TheMARKING HYPOTHESISpredicts that subjects will distinguish prosodically
between second occurrence foci and non-foci. Given earlierreneetal
studies of second occurrence focus (cf. section 2.7), we expeati@uand
intensity measures to distinguish second occurrence focus from eahefo
pressions. Similarly, th@ON-STANDARD MARKING HYPOTHESIS predicts

that subjects will distinguish prosodically between second occurrergie fo
and their focal counterparts. In coming to these predictions, we made two
assumptions. First, we assumed that the subjects understood the task and
produced the stimuli naturally, and second, we assumed that the dissourse
were unambiguous in which focus assignments they elicited. So if significant
main effects of the predicted type are observed, this provides suppibrt b
for theoretical generalizations that would explain the predictions and éor th
assumptions in our experimental desfgn.

than 5% of the data, we did not attempt to build creaky voice in as a factoristatistical
analysis.

23 Another general issue is the prescriptivist dogma that expressiahs asuexclusives
should not be separated from what the modify, and thus in ‘good Ehglighnot focus
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4.3. RESULTS

The analyses revealed a significant main effecsaabnd occurrence fo-

cus on duration (F1(1,19)= 6.9; F2(1,6)= 15.3; minF(1,24)= 4.8) and en-
ergy (F1(1,19)=8.2; F2(1,6)= 17; minF(1,24)=5.5). Second ocnagécus
phrases were on average 6 msecs longer than non-focused pdmedsssre
realized with 3.4% more energy. There also was a marginal effesecohd
occurrence focus on standardized rms intensity (F1(1,19)= 7.1; F2(1,6)=
8; minF(1,19)= 3.8), the standardiz&l range (F1(1,19)= 8.8; F2(1,6)= 8;
minF(1,17)= 4.2) and the standardized minimfihiF1(1,19)=5.2; F2(1,6)=
9.1; minF(1,23)= 3.3). Second occurrence focus phrases wereegtalith
0.31 dB higher intensity, a 10.5% higher relati@erange (38.3 vs. 34.9 Hz),
and a 6.9% lower relative minimum pitch (121.4 vs. 124.5 Hz). No main
effect of second occur rence focus was found for maximunfO and meariO.

The means for all measures in both conditionsasbnd occurrence focus
and the mean differences between the two conditiorseaind occurrence
focus are given in Table Il. Significant results are marked by marginal
results by .

Unsurprisinglyword position had a main effect on rms intensity, energy,
and all standardizetD measures. All of these main effects were in the F1
analyses and only the two main effects of standardized rfeér1(1,19)=
11; F2(1,6)=5.7; minF(1,13)= 3.8) and standardized minini@ff1(1,19)=
17.1; F2(1,6)= 11.4; minF(1,15)= 6.8) were significant in the minF analyses.

For reasons addressed in section 4.1 (under the heading “Preseatation
Procedure”), we also tested for interaction effects betwsseand occur-
rence focus andword position. We found a marginal interaction effect of
second occurrence focus andword paosition on the standardized me#&hin

sensitive at all. We know of no basis for such a claim, since focus setysis not only
widespread, but also not a historically recent development. For detadtatical considera-
tion of the focus sensitivity of English exclusives in particular, see Nawata(1991). Even
allowing that the prescriptivists’ rules are baseless, there is a possibilitthérse rules may
have affected how subjects in our experiments reacted to the stimuli wiewbih involve
exclusives that are separated from what they modify. While, logicallyisha possibility, we
cannot see how it would produce any consistent effect. Furtherih@ese of three sentence
discourses in which only the third sentence provides our main datasefsriest we have
a baseline measure of how subjects produce sentences with focits/eengpressions. In
particular, if prescriptive rules had any effect, we would expect tfieteto arise with regard
to both the second and the third sentences of our discourses. Hoaetleg, basis of informal
sampling, the huge majority of the second sentences in the stimuli weragawavith the
type of intonation that would be expected in the theories of focus we carigidleis paper.
Thus it seems that prescriptive rules did not interfere with the subjduiti&ydo produce foci
naturalistically.
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Table Il. Summary of means and mean differences for non-fawdlsacond
occurrence focus expressions

Dependent variable N  Non-focal SOF Mean difference
(ng)  (bsor) A(psof-ng)

Duration(s) 521 0.267 0.273 *0.006
Std. r.m.s. intensitydB) 521 —27.28 —26.97 +0.31
Rel. energy 521 0.0106 0.0117 *0.0011

Max fo (Hz) 483 162.2  163.0 0.8

Mean {, (Hz) 440 143.1 142.5 -0.6
Minimum fo (Hz) 473 127.5 124.1 T34
Range § (Hz) 457 34.6 38.7 t4.1

both the F1 and the F2 analyses. Whereas the relative fleans higher

for second occurrence focus than for non-focused indirect tshjdds effect

was reversed for the direct object. The effect, however, turnetbdug nei-

ther significant nor marginal for the minF analysis (F1(1,19)= 4.4; F2{1,6)
5.3; minF(1,20)= 2.4). We also found a marginal interaction effect in the F1
analysis for standardized rms intensity (F1(1,19)= 3.5; F2(1,6)= n.s.; minF=
n.s.) and in the F2 analysis for the standardized mininfugk1(1,19)=n.s;
F2(1,6)= 6.7; minF= n.s.). Whereas the standardized minirflumvas the
same for second occurrence focused and for non-focused indipgcts,

it was lower for second occurrence focused than for non-focdsedt ob-
jects. The inverse was observed for intensity. Relative rms intensity oct dire
objects was the same in boshcond occurrence focus conditions, but was
higher for second occurrence focused than non-focused indingatts. This
means that the main effect eécond occurrence focus on intensity is only

due to intensity differences on the indirect object. The main effect on minimal
O is only due td0 differences on the direct object. The means and standard
deviations of all measures that were somehow affected by the interaction of
second occurrence focus andword position are given in Table IIl.

The between-subject factdist (i.e. which of the four lists with differ-
ent stimuli orders was read by the subject) was not significant in any of the
analyses.

4.4, DISCUSSION

As expected on the basis of prior literature, we found no evidence $tersy
atic pitch marking of second occurrence focus. Instead, we found tragll
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Table Ill. Summary of mean differences between second occur-
rence focus and non-focal expressions listedvioyd position

Dependent variable 1st NP 2nd NP
A(psos — ting)  A(Hsos — Hny)

Std. r.m.s. intensitydB) 0.03 0.58
Mean § (Hz) -2.8 15
Minimum f, (Hz) -6.1 -0.6

but significant lengthening of second occurrence foci above thatffor the
same expression in the same sentential context but lacking focus. Aatross
trials, this lengthening averaged 6ms. There is also a statistically significant
increase in energy, as well as marginally significant increases in intensity a
the fO-range in the second occurrence focus condition. Finally, there was a
marginally significant drop in minimurfQ in the second occurrence focus
condition. The nature of interaction effects betweenrd position andsec-
ond occurrencefocusfor minimumf0 and intensity suggests a more complex
relation between these measures and second occurrence focus marking
The statistical significance of the duration and energy results providegstro
evidence that second occurrence foci are focus marked at sonh@fidive
guistic representation, since we have been careful to ensure thaighere
difference between the second occurrence focus and non-&stusadition
except for the position of focus. This corroborates what Rooth ebden
his own productions, and is sufficient to undermine any argument forgstro
(pragmatic) theory of focus that relies crucially on second occurrerntceot
being formally marked. As far as second occurrence focus phenoarena
concerned, weak (syntactic/semantic) theories of focus are quitesitdfen
Accented words are known to differ from unaccented words in duration
and intensity, as discussed in section 2.6. The results we have predemted s
that second occurrence focus is marked by the same cues. On theantter h
fundamental frequency plays a central role in the realization of pitchhacce
but appears to play only a minor role in the marking of second occurrence
focus the only identifiable effect di® measures is a marginally significant
lowering of minimumfO in second occurrence focus expressions in direct
object position. We have no convincing explanation for this limited effect. It
does not correspond to any local pitch movement in the examples that we hav
examined, and in the few cases where second occurrence focus ichigrk
a clear pitch accent, the accent is high (H*), which would lead us to expect
an increase ifi0 measures (at least the maximum and mininiQmeasures)
on the second occurrence focus expression (see section 6.1 tfeerfdis-
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cussionf* In any case will see that the perception experiment reported in
section 5 provides evidence that tfisdifference does not play a significant
role in the perception of the marking of second occurrence focus. So we
will conclude that greater duration and intensity are the primary correlates
of second occurrence focus (section 6.1).

While the existence of a difference between second occurrencerfdci a
their non-focal counterparts in production indicates that speakennake
ing a distinction between the two, the mean difference between second oc-
currence foci and their non-focal counterparts on the measureanpgsers
are small. This raises the question of whether the difference is actually per-
ceptible. We address this question in the experiment reported in the next
section.

5. A perception study

While the production study presented in the previous section shows that the
absence or presence of second occurrence focus correlatesewitim pho-
netic properties, it leaves open whether the phonetic differences betwee
second occurrence focus expressions and non-focal expressie actually
perceptible. As mentioned in the introduction, in order to address the assump-
tion of the argument from second occurrence focus that secondrence
focus isnotmarked by perceptible prosodic features (see section 2.5), itis not
sufficient to only show that second occurrence focus has prosodielates.

Thus we conducted a forced-choice perception experiment. Our hypoth
esis is formulated as theeERCEPTIBILITY HYPOTHESIS(cf. section 3, re-
peated below):

24 Katy Carlson (p.c.) suggests that some of our recordings shouldietibed with a low
pitch accent (L*) on the second occurrence focus. If correct, thghnexplain the observed
fO effect. We did not identify any L* accents in our own transcriptions sfibset of the data,
but it can be difficult to distinguish an L* accent from absence of acicem context wheré0
is expected to be low in any case. In support of the unaccented inte¢ipmetae argue below
(section 6.2) that analyzing the usual realization of second occerfeeas as unaccented
enables us to relate the occurrence of this otherwise anomalous patfenusfmarking to
the phenomenon of post-nuclear deaccenting. On the other harehtogeneralizations about
the use of L* accents (e.g. Pierrehumbert and Hirschberg 1998pdprovide any basis for
expecting an L* accent in second occurrence focus environmerdsndact the few cases in
our data where second occurrence focus unambiguously re@epigsh accent involve high
accents (H*). Note also that Hedberg and Sosa (2001) provide sdygsed distributional
evidence that, for ordinary focus marking, H* accents are much mamamon (61.%) than
L* accents (19.%). Nothing we currently know about H* and L* accents would lead us
to expect that the relative frequencies of H*s and L*s are reversdbercase of second
occurrence focus marking.
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(13) PERCEPTIBILITY HYPOTHESISHearers can distinguish between the
prosodic realizations of second occurrence foci and that of non-fo

The purpose of the experiment was to provide evidence for the validity of
the FERCEPTIBILITY HYPOTHESISby refuting the null hypothesis that sec-
ond occurrence focus-marking (henceforth, SOF-marking) is moepéble.

Section 5.1 describes the methodology, materials, and the design of the
experiment. Section 5.2 summarizes the predictions that follow fram P
CEPTIBILITY HYPOTHESIS Section 5.3 summarizes the results of the exper-
iment. Finally, section 5.4 contains a discussion of the results and section 5.5
the summary of the study’s implications.

5.1. DESCRIPTION OF THE EXPERIMENT

Subjects: 14 native speakers of English (10 female, 4 male; age range: 23-
28) were recruited as follows. 10 linguistically naive subjects (8 female, 2
male; age range: 19-26) in the study, all without prior experience in litiguis
perception studies participated. 4 subjects (2 female, 2 male; age range: 24
28) were linguistically trained.

Stimuli: 40 minimal discourse pairs of stimuli were quasi-randomly selected
from the production experiment described in the previous seétidinree

(out of the four available) minimaldiscour se pair s with the focus sensitive
operatoronly were selected for usé. This choice was made for two reasons.
First, only is standardly used in second occurrence focus examples in the lit-
erature. Indeed, Beaver and Clark (2003) provide evidence indep¢of the
studies presented here tlatlyis a more prototypical focus sensitive operator
thanalways Second, in order to keep the number of stimuli for the perception
experiment low, a decision had to be made to either not have stimuli by all
speakers from the production experiment or to limit the number of distinct
pairs. Since we are interested in generalizations across speakersemeris

25 The random selection was generated using the program Shuffle by PEJIS).
26 The overall 40 minimal discourse pairs of stimuli were split up as folloTe stimuli
consisted of 16 tokens each of the pairs in (i) and (ii), and eight tokethegfair in (iii).

(i) (a) Even [the state prosecuterpnly named [Sidor in court today.
(b) Even [the state prosecuterpnly named Sid [in courtpr today.

(i) (@ Even [the doctor} only gave [Pete]or a pill today.
(b) Even [the doctog] only gave Pete [a piljor today.

(i) (a) Even [the kids} would only let [the cafor in the tent today.
(b) Even [the kids} only let the cat [in the tentpr today.
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we decided to reduce the number of stimuli by excluding discourses with
always

Discourses that contained stuttering, unusually long pauses, or other sig
of ‘reading effects’ (recall that the production experiment elicited the stim-
uli in a reading task) were excluded from the experiment in a blind review
process prior to the random selection of the discourse pairs. Of theezklec
discourses, only the final sentence was used. Both parts of a paysaiveae
taken from the same three sentence discourse pair and were uttered by the
same speaker. The two elements of each pair differed only in their (second
occurrence) focus assignment. This is illustrated by the examples given in
(14) and (15). The sentences in (14b) and (15b) form a stimulus patindo
perception study. The preceding discourse from the production vy
in (14a) and (15a) are not used in the perception experiment. In the egmp
second occurrence foci are indicated by ‘SOF’ but subjects wergepted
acoustic stimuli and therefore had no access to any artificial annotation.

(14) a. Both Sid and his accomplices should have been named in this
morning’s court session. But the defendant only named Sid in
court today.

b. Even the state prosecutor only named [§ig] in court today.
in court today.

(15) a. Defense and Prosecution had agreed to implicate Sid both in
court and on television. Still, the defense attorney only named
Sid in court today.

b. Even the state prosecutor only named Sid [in cggttltoday.

The list of stimulus pairs was balanced to meet the following conditions.
Two pairs each from all 20 speakers of the production experiment vsem
For each of the three minimal discourse pairs (see footnote 26), theee wer
an equal number of instances where the first NP was supposed to be SOF
marked in the first sentence of a pair and instances in which the second
NP was supposed to be SOF-marked in the first sent€n8ice, the two
sentences in a pair only differed in their focus assignment, the second NP
was SOF-marked if and only if the first NP was not SOF-marked.

Two versions of the experiment with inverse order were produced.-7 sub
jects took version 1 and 7 subjects took version 2 of the experiment. The
following order constraints were observed when the list of stimuli was con-
structed: (i) the same internal order of a pair (the first sentence hasa SO
marked first NP or a SOF-marked second NP) was not allowed to occer mor

27 Subjects in the production study read every stimulus twice (see sectiome stinuli
used in this perception experiment were balanced for repetition. Bathqfa pair were from
the same repetition.
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than three times in a row; (ii) the same pair was not allowed to occur twice in
a row.

Presentation and procedure: The acoustic stimuli were incorporated into
an HTML page. Subjects first read through the instructions and then were
allowed to ask the experimenter questions before they started the experiment.
Subjects were asked to judge “in which of the two sentences (A or B) the
speaker wished to make the second word (which will be given in bold face,
cf. Figure 2) more prominent than the first.” Subjects were not allowed to
make any changes once they reached a decision for a pair.

Each pair of acoustic stimuli was accompanied by two words that were
displayed in the same row. This is exemplified below for two pairs (pair 4 and
5 out of 40):

4A 1B
Sid court | @) Dm— ] | () O
| [

cat tent | @i De——— ] | i) (O —
| [

Figure 3. Excerpt of the HTML page displayed to subjects during the experiment

10 pairs of stimuli were displayed at a time. After every 10th pair of
sentences, subjects were asked to take a break of 30 seconds to 2 minutes
which they could time themselves, before they continued to the next page.
Subjects were asked to proceed from pair to pair and always listen toghe fir
stimulus in a pair first. After that, they were allowed to listen to each of the
stimuli as often as the wanted to. All subjects required between 15-25 minutes
for the experiment and approximately 2 minutes to read the instructions.

To test whether subjects understood the instructions, after the experiment
all subjects were asked to repeat in their own words what they had bked a
to do.

Table IV provides a summary of all independent and dependent vasiable
considered in the experiment.
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Table IV. Summary of independent and dependent variables

Type Variable name Variable description

Independent vars.

(within subjecty second occurrence Whether the first or the second NP was
focus location the second occurrence focus expression
discour se pair From which discourse pair is the stimu-

lus pair taken?
order When in the list was the stimulus pre-
sented?

(between subjects list Which of the two lists did the subject

read?

gender Gender of participant

linguistic education Whether the participant was a linguist or
not

Dependent vars.
answer Was the answer given the expected one

in light of the second occurrence focus
location

5.2. PREDICTIONS

It follows from the RERCEPTIBILITY HYPOTHESISthat subjects should per-
form above chance in selecting from each pair the stimulus that was uttered
with the intention of marking the second NP as second occurrence focus.
Even if participants in the production study did not always produce natural
stimuli, e.g. due to confounding factors like reading effects and the artificial
situation created in a laboratory experiment, participants in the perception
study should still overall perform above chance.

5.3. REsuLTs

All subjects performed above chance (mean performan68% correct an-
swers; range= 52.5-77.5%). The one-sample t-test against an expected mean
of 20 correct answers out of 40 reveals that subjects on averafmme
significantly above chance & 7.7; df = 13; p< 0.001) and that subjects
performed ‘alike’ (i.e. there was no subject effegt, = 9.6, df = 13; p>

0.7). The average effect size is small to medium= 0.28). All subjects
showed clear understanding of the task in the post-experimental intefview.

28 Based on the introspective data from post-experimental interviews réfuése strategy
chosen to solve the task differed from subject to subject. We will not attemguantify this
variation here, or to suggest a connection to our quantitative results.
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None of the between-subject factors (igender, list, linguistic educa-
tion) had a significant effect. Neither datder have a significant effect (i.e.
the task was not too tiresome for our subjects). Crucially for pooling the
data from all subjects, the level of linguistics education did not matter. Even
though linguists performed slightly better than linguistically naive subjects
(67% correct answers vs. 62%) this difference was not significaf(tL)
= 1.2; df = 1; p> 0.25). Furthermore, all effects that hold for all subjects
together also hold for linguistically-naive subjects alone. There also was a
item effect (2 = 163.9, df= 39; p< 0.001). That is, subjects did not perform
equally well on all sentence pairs. Interestingly, there were items that no-
body answered as expected and items that everyone answered eteéxpe
the FERCEPTIBILITY HYPOTHESIS A planned comparison of thaiscour se
pairs used in the experiment revealed a significant effgé(Z) = 10.9; p
< 0.01): one of the three minimaliscourse pairs (pair (iii) in footnote
26) on average lead to better performance than the other two pairs (stimuli
of type (i) lead to correct answers in 59.4%, type (ii) lead to 60.7% correct
answers, whereas second occurrence focus was correctly deiede.8%
for discourse pair (iii)). It is important for the current purpose tiastimuli
of all types performed above chance.

5.4. DISCUSSION

The results confirm the ERCEPTIBILITY HYPOTHESIS Even though the
phonetic correlates of second occurrence focus observed in tdegtian
experiment are very small, subjects are able to identify SOF-marked expres
sions correctly in 63% of all cases in the experiment. This shows that $sibjec
are able to identify SOF-marking without contextual clues (recall that the
sentence pairs were spliced from their preceding discourse), bub iteages
the question of why people did not perform even better (or in other words
why the effect size is relatively small). For one thing, the overall perfocea
is decreased because of 4 items that were almost always judged cdatrary
the predictions of the MRKING HYPOTHESIS(judged correctly by only 0-3
subjects out of the 14 overall subjects), and 4 more items that performed be
low chance (correctly judged by 4-6 subjects). Figure 4 shows thep&ge
of stimuli for which the SOF was identified as most prominent expression (a
‘correct’ response) for any given number of subjects. For exanipbgn
be seen that stimuli for which 14 out of 14 subjects responded correctly
amounted to 12% of all stimuli. It can also be seen that a clear majority of
stimuli (66%) were judged correctly by more than 7 subjects, a rate above
chance: the corresponding area of the pi-chart is shaded black.

Note that the existence of items judged below chance is neither what
is expected according to the AMKING HYPOTHESIS nor what would be
expected in the absence of prosodic cues to second occurrence $owe
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Items below chance: 22%
{0-6 subjects)

o Subjects
3% )
3 zubjects
14 subjects Z subjects /7 3%
12% 5% /
4 subjects b
13 subjects 3% S subjects
- A%
3% -

& subjects
5%

17 subjects
12%

Htems at chance: 12%g
{7 subjects}

11 subjects
8%

Ttems above chance: 66%

{8-14 subjects) g subjects

10 subjects 12%

14% 9 zubjects
5%

Figure 4. Which proportion of all items is judged correctly by how many of the subjects

subjects should perform at chance in the absence of phonetic cuss, the
answers should have been judged correctly by 50% of all subjectdikitlis

that, compared to naturally occurring speech, the artificial experimemtal sc
nario of the production experiment resulted in an above-average ambunt
intonationally ill-formed stimuli. If one excludes the four worst items, overall
performance increases by 6% to 69%. If one also excludes the additional
4 items that performed below chance, the overall performance increases
73%, so it is worth considering whether ill-formedness was the reason for
poor performance on some items.

We performed an informal examination of the intonational well-formedness
of a subset of data gathered from production experiment, concentiating
particular on items that yielded poor performance. Prior to the perception
experiment, we had already examined the intonation on the second sentences
in the read discourses, which contained one ordinary focus expness
no second occurrence focus expression, as in the final senter(@ds)rand
(15a), repeated below.

(14) a. Both Sid and his accomplices should have been named in this
morning’s court session. But the defendant only named {Sid]
in court today.

b.  Even [the state prosecutprpnly named [Sid{or in court to-
day.
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(15) a. Defense and Prosecution had agreed to implicate Sid both in
court and on television. Still, the defense attorney only named
Sid in [court] today.

b. Even [the state prosecutprpnly named Sid in [courtpy to-
day.

For a sentence of that type (i.e. a sentence involving a single focus and
no second occurrence focus) it is often easy to judge whether annadgera
is intonationally well-formed. While the majority of the stimuli were well-
formed in their second sentence, as judged by the authors in an informal
listening experiment, the rate of intonationally ill-formed sentences was high
enough to explain why some stimuli in the perception study were consistently
judged counter to expectations. In several stimuli, the second sentegnde (e
(14a) and (15a)) contained a strong pitch accent on the unfocupegksion
but not on the focused expression indicating that the subject had prsble
reading the stimuli (either because the stimulus was textually unnatural or
because the subject was tired or not paying sufficient attention). Téwegwr
placement of the pitch accent sometimes seemed to carry over to the third
sentence containing the second occurrence focus expression.e€isiod
not to exclude those supposedly ill-formed stimalpriori was made be-
cause this may have seriously confounded the study. However, it isatehr
indeed, unsurprising, that the existence of occasional unnaturdligtions
in the original reading task is one of the factors limiting performance on the
perception task.

Finally, it is significant that the perception task which subjects were asked
to perform referred to intended prominence rather than directly to SOkimgar
The main purpose of the perception experiment was to establish whether sec
ond occurrence focus-marking is perceptible. In that sense, partisipeere
used as (very intelligent) minimal difference detectors. That they perfbrme
significantly above chance means only that the difference between the pho
netic realization of second occurrence focus and that of unfoceseshtred
expressions is humanly detectable, not that it is reliably detectable in natural
situations. In addition, it is impossible to know from this experiment whether
listeners actually use phonetic marking to infer second occurrence: ficcus
is logically compatible with our findings that hearer’s disregard the phonetic
differences we have observed, and rely entirely on context to idemiifyrsl
occurrence foci.

With regard to the latter issue, it should be borne in mind that the point
of this paper is not to falsify pragmatic theories of focus or to show that
pragmatic and discourse clues are irrelevant to the determination of fecus a
signments. Rather, our goal is to show that, contrary to claims in the literature,
phonetic clues are available to infer the focus assignments of a sentemce ev
in the case of second occurrence focus. This goal has been athieve
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We can only offer a plausibility argument as to whether phonetic infor-
mation is used in interpretation of second occurrence focus. It is c@iej
though we take no position on this, that natural discourses are typically rich
enough semantically to provide unambiguous clues as to whether a con-
stituent is in second occurrence focus. Even if so, why should listerars
simultaneously use all information available to them? As more and more psy-
cholinguistic research shows, the default in language processing is/atass
parallel constraint satisfaction, where the constraints come from differe
levels of linguistic competence as well as from non-linguistic processels (suc
as eye-movement; e.g. Tanenhaus et al. 1995). So, given that spesa
second occurrence focus and that hearers are able to detect thaignar
would be surprising if hearers did not use the marking in interpretation. But
this, of course, is not a proof that they do use that marking.

5.5. CONCLUSIONS

The perception experiment presented above provides strong sdipptre
PERCEPTIBILITY HYPOTHESIS since it shows that hearers in principle have
access to prosodic cues when identifying second occurrence theusark-
ing of second occurrence focus is perceptible. This provides theskadion
our case that the argument from second occurrence focus (demsz8) is
specious.

6. General Discussion

The experimental results reported in sections 4 and 5 suppontAR&ING,
NON-STANDARD MARKING andPERCEPTIBILITY hypotheses. This is suffi-
cient to undermine the argument from second occurrence focusiokban
section 2.5, but these results raise further questions about the prosaxdtic

ing of focus. That is, previous descriptions of second occurremugsfwere

not mistaken in claiming that the realization of words in second occurrence
focus differs from the realization of normal unrepeated foci, they weig
mistaken in claiming that second occurrence focus is not differentiated fro
unfocused material. So we are left with the following questions:

1. What isNON-STANDARD about second occurrence focus marking — What
is the nature of the difference between the realizations of second occur-
rence focus and regular focus?

2. Why is second occurrence focus markiRgN-STANDARD — Why is
second occurrence focus realized differently from regular focus?

3. In what other environments should we expect similar effects to occur?
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Our experiments do not allow us to answer these questions conclusively,
but we will argue for tentative answers that situate the phenomenon aféeco
occurrence focus within the broader theory of the realization of foznd,
which bring order to a collection of related phenomena discussed prévious
by semanticists. Briefly, we suggest that second occurrence focusdis ma
prominent by greater duration and intensity (and maybe other prosodé corr
lates that we did not consider in this study), but it is usually not pitch acdente
In short, second occurrence focus marking is an example of phrawal-p
nence without pitch accent. This realization can be understood as resulting
from the fact that items in second occurrence focus occur after tHearuc
accent of their phrase, the environment of post-nuclear deaccenting.

Below we address (i) and (ii) in detail (section 6.1 and 6.2 respectively)
and show that this interpretation has implications for the general theory of
phrasal prominence (stress and accent) and the marking of focus.eWe th
bring some of the ideas we have developed to bear on prior discussion in
the semantics literature of example types closely related to the classic second
occurrence focus paradigm (section 6.3).

6.1. WHAT IS NON-STANDARD ABOUT SECOND OCCURRENCE FOCUS
MARKING ?

We conducted a comparison between second occurrence focus mamking
the marking of ordinary, non-repeated foétisSpecifically, we investigated
two questions that derive from OMON-STANDARD MARKING HYPOTHE-
SIS.

(16) RTCcH-surPPRESSIONDoes standard second occurrence focus mark-
ing lack a pitch accent?

(17) PTCH-OPTIONALITY: Can second occurrence foci optionally be marked
using (ordinary) focus marking, complete with pitch accent?

As discussed in section 2, focus is usually marked by a pitch accent, per-
haps specifically a nuclear pitch accent, and the primary correlates of pitch
accent are to be found in the fundamental frequency contour. So er rath
striking feature of second occurrence focus marking is the minor roleglay
by fundamental frequency (f0). The production study revealed nufiignt
main effect for fO differences between words in second occurriemees and
unfocused words. Auditory transcription of a subset of the data inditase
second occurrence focus expressions are occasionally markedgtitpitch
accents (H*), but in most cases there is no perceptual indication of a pitch

29 See Jaeger (2004, section 4) for further details.
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accent on the second occurrence focus expression. For casestvethitch
accent on the second occurrence focus expression, two refasempitch
tracks along with their transcriptions are shown in Figure 5 and 6. Thesfocu
expression associated wiglvenis marked by a clear fO peak, indicating that
the focus ofevenis marked by a high pitch accent. Then the fundamental
frequency falls to a low level, and remains relatively low, or slightly declining,
to the end of the utterance. That is, there is no evidence for a pitch amtent
any words after the focus expression associated eviém>’

—_— T N

— —— [s0022%

EiFi=3Ez HiF(=93Hz [focus

‘ Ewen | the | kids |wc|11:1| only | 1st | the carz in the tent today fentence

Figure 5. First sample with a second occurrence focus lacking any pitch accent.

IS -

\w W R\ A~ 2108 1z

[HIF (=240 EiF§= 242
Hz Hz

state prosecutor only named Sid in court today fentence

‘ Even | the

Figure 6. Second sample with a second occurrence focus lacking any pitchtaccen

Figure 7 is a representative example of a second occurrence fomesex
sion marked by an H* pitch accent (though a comparatively subtle®dne).

3% The small perturbations mostly at the syllable onsets and syllable codamefgords
are consonant effects and are not intonationally significant. For awieweof such effects,
see e.g. Silverman (1987) or Beckman and Elam (1997). Note alsehthaitch tracks in
Figure 6 and 7 contain instances of pitch halving immediately precedingllowfong the
target expression. That is, the pitch tracking algorithm erroneouslyetiahe fundamental
frequency for a short period (c.f. Ladefoged 2003:83-84). ddteal fO is more or less level.

31 In the utterance pictured in figure doctor, the focus ofeven is highly prominent au-
ditorily, and this is reflected in the amplitude track in the figure. However, ibtalsie that
(aside from onset effects) there is no pitch movemendi@ctor. It is conceivable that this is
related to the fact that a pitch movement does occur on the later secoundestce focufete
but we have not studied this possibility further.
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T T | N—ﬂ\l I 188.09 Hz

: —
/_v = - |80 Hz

HiF(=212 Kz HiF(=173Hz [focus

| Even |[hs| doctor | oy | gave Pete a pill today Lontence

Figure 7. Sample with a pitch accented second occurrence focus.

So the results of the production study show not only that second occur-
rence focus is consistently marked by greater duration and intensityisbut a
that it is occasionally marked by f0. To put it in the phonological terms we
used to set up this issue: second occurrence foci can optionally bednark
with a pitch accent. Given the existence of optional pitch accents, it is log-
ically possible that the perception subjects’ ability to distinguish second oc-
currence focus from lack of focus is based on a few stimuli in whichrsgco
occurrence focus is marked by a pitch accent. We now turn to a briefasaly
of the acoustic properties of the stimuli used in the perception experiment
indicates that this is not the ca&e.

A logistic regression model was used to predict the subjects responses in
the perception task based on measurements of the acoustic properties of the
stimuli. Note that this model predicted the subjects’ actual responses rather
than the ‘correct’ answers, in order to try to identify the stimulus parameters
that listeners attended to in making their judgments. The best predictors of
subjects’ judgments were measures based on the duration and intensity of the
target words, and the best single predictor was the energy measiwvedder
by multiplying duration by intensity. Adding fundamental frequency infor-
mation did not significantly improve the fit of a model based on the energy
factor. This indicates that subjects relied primarily on duration and intensity
in identifying the more prominent word, and fundamental frequency did not
play an important role.

In addition to the logistic regression analysis, we examined the ‘best stim-
uli’ from the perception test, i.e. those stimuli for which all subjects gave the
same response. We would expect these stimuli to exhibit a particularly clear
distinction between second occurrence focus and unfocused itenefulCar
inspection of the pitch measurements in the target words, and the overall
pitch contours revealed no apparent way in which fO could have besh us
to distinguish the prominence of the words.

32 More details are given in Jaeger 2004, sections 4.4 and 4.5.
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Based on both the logistic regression analysis and the sample of ‘best
stimuli’, we conclude that the primary correlates of second occurrertes fo
are duration and intensity in the sense that these are the measures that most
reliably distinguish second occurrence focus from lack of focus idysction,
and that they are the properties that listeners attended to in the perceptual
task. Fundamental frequency is only optionally used in marking second oc-
currence focus and is not required for perception of the prominersacond
occurrence focus. Of course if a speaker chose to mark secondence
focus with a pitch accent, it is quite possible that the associated fO-related
cues would be more significant than duration and intensity in giving rise
to a percept of prominence, but this is not the typical realization of second
occurrence focus, nor is a pitch accent necessary for listenergect diee
prominence associated with second occurrence focus.

6.2. WHY IS SECOND OCCURRENCE FOCUS MARKING NOMNSTANDARD?

Phonologically, we interpret the confirmation that pitch suppression sacur
terms of a distinction between phrasal stress and pitch accent: focusikyusu
marked by phrasal stress and a nuclear pitch accent, but secondeoceu
focus is marked by phrasal stress only. As discussed in section 2.8etheo
that distinguish stress and pitch accent generally identify greater dugattbn
intensity as primary correlates of stress, while pitch accents are primarily
realized in terms of the fundamental frequency contour. So the greater du
ration and intensity of SOF are attributed to phrasal stress, and the absenc
of fO differences between SOF and non-focused material is attribute@ to th
absence of pitch accents in both conditions (with a few exceptions in the case
of SOF, as noted above).

Positing that second occurrence focus is marked by stress but rettacc
may help explain why second occurrence focus is realized differeriy fr
regular focus, by relating second occurrence focus to the well-estadlis
phenomenon of post-nuclear deaccenting. As mentioned in section 2.6, a
nuclear accent is the last pitch accent in a phrase, so placing a nuclear a
cent early in a phrase, as in (18), implies that all following words must be
unaccented. This is referred to @saccentingthe reason being exemplified
by in (18), where the wor&andywould be accented in a more neutral (or
broad focus) reading of the sentence.

(18) Pat gave a [book]to Sandy.

In all of the examples used in our experimental study, the second occur-
rence focus is preceded by an expression which we expect to bestbaiith
a nuclear pitch accent, marking the focus associated &i#m So, as we
have indicated, the absence of a pitch accent on the second oceuviveus
could be regarded as an instance of post-nuclear deaccenting (ddlsBa
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1997:12 and Rooth 1992). That is, the second occurrence focud ©cou

be accented without supplanting the accent of the focused subjectlaanu
accent, or initiating its own phrase, in which case the sentence would contain
two phrases, each with a nuclear accent.

We may conjecture that a two-phrase realization is employed in some
of those occasional cases in which speakers choose to place a pigstt acc
on a second occurrence focus, but that the sentence containingcthadse
occurrence focus is more usually produced as a single phtases predom-
inance of this phrasing is in turn plausibly related to the fact that the material
following the subject (e.ggnly named Sid in court today Figure 6) isgiven
information (in the sense of Prince 1981) and structurally identical to a por-
tion of the preceding sentence (i.e. the same words bear the same grammatical
functions and are in the same syntactic positions). These are both faetors th
have been shown to favor unaccented realizations (Ladd 1996:16&nTe
and Hirschberg 1994), so speakers may be disinclined to place this material
in its own phrase where it must receive a nuclear accent.

The picture we have arrived at is one according to which the focus of
a focus sensitive operator should receive the strongest phrassd gtrthe
scope of the operator (cf. Jackendoff 1972), which is preferenaahyeved
by assignment of a nuclear accent to the focus. In the canonicaldsecour-
rence focus examples this conflicts with a dispreference for nucleantscc
on repeated material, and an independent preference for placingdleanu
accent on a separate focussed constituent which occurs earlier anteace.

This conflict is generally resolved in favor of deaccenting, but thersgco
occurrence focus can still be marked by the strongest stress in the stop
the focus sensitive item with which it is associated.

6.3. WHAT ENVIRONMENTS YIELD PITCH ACCENTFLESS FOCPR

Our results demonstrate that in one specific type of environment focus is
marked using duration and intensity, and the earlier discussion in this section
addressed features of the environment that might be relevant in pngduc
such realizations. The semantics literature includes discussions of a number
of variants in the basic second occurrence focus paradigm. In thisrsegio

will consider these variants in the light of what we have learHed.

33 We have not performed a direct study to establish the plausibility of the twasph
analysis, as might be marked by boundary tones and duration effedistb stressed and
unstressed syllables, and by breaks in the speech signal, but see(284, section 5.3) for
further discussion of issues connected with phrasing.

34 In the discussion in this section we concentrate on the importance of theegiati-
tioning of second occurrence (or other) foci and nuclear accentgdThe role of discourse
status or textual repetition has also come up in prior literature, specificallyeinveink of
Krifka (1997:270-271). Krifka considers variants of second asswe focus examples in
which the second occurrence focus is pronominalized, and arguesitttaexamples require
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In the experimental materials, the second occurrence focus is prelogded
a nuclear pitch accent, marking the focus associated &vign In looking
through the literature on apparent dissociation between focus and pitch ac
centing, we observe that the great majority of examples involve an eiqmess
which semantically one would expect to be accented, but which occurs in
post-nuclear position.

Consider the following classic example:

(19) People whgrowrice generally onlyeatrice. (Rooth 1992:109)

Like second occurrence focus examples, this case involves an appare
mismatch between the intonational focus of a VP following a focus sensi-
tive operator ¢nly), and the semantic focus of the operator. The intonational
focus, at least as regards pitch movemengas but the semantic focus of
onlyisrice (as evidenced by the meaning of the sentence). As for the second
occurrence data we have examined, the semantic focus follows a nuclear
accent, so neutralization of pitch movement is to be expected. It is natural
to wonder whether the semantic focusonfly is lengthened in the same way
as we found for de-accented second occurrence foci. We leaveiretzon
of this question for further work.

A more complex type of example, due to Roberts (1996), is given in (21).
Roberts imagines a conversation where we are discussing a number af thing
we would rather Mary did not do, listed in (20):

(20) a inviting Lyn for dinner
b. inviting Bill for dinner

c. staining the tablecloth at lunch
d. smoking before dinner

In this context, Roberts’ considers the following dialogue:

(21) A: Mary wasn'’t so bad after all. Of all the things we were afraid
she might do, she only [invited Bill for dinner]

B: You got the person wrong. She only invited [Lyrfpr dinner.
But it’s true that she did only one of those terrible things she
could have done.

On the desired reading of the penultimate sentence of Bs reply, the do-
main of only is the set of properties in (20). However, given that there is

pitch accents on the pronominal foci. If so, then textual identity of thers®oocurrence focus
with the first occurrence may be crucial for pitch suppression of fdus accords with Ladd’s
(1980) observation that there is a strong tendency not to accentedpeaterial in English,
mentioned in section 6.2, above.
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focal prominence ohyn, standard theories of focus sensitivity, like Rooth’s
(1985) weak theory, would lead us to expect that all the alternativesrund
consideration have the formvited X for dinner

Unlike other examples we have considered, in this case we are considering
a VP-focus, rather than focus on an argument. Thus to make sense of the
example it is necessary to consider how VP-focus is normally marked. This
issue is addressed in accountdadfus projectiormentioned earlier, such as
Gussenhoven (1984) and Selkirk (1995). Without going into detail, fiicesf
here to point out that in most cases focus on a VP can be marked by placing
a pitch accent on the final argument NP, heireer.

Having identified an accent pattern we might expect for such a case of
VP focus, we can now say in exactly what sense the penultimate sentence in
example (21) shows an unexpected patteinner does not receive a pitch
accent. Having observed this, it becomes clear that the lack of acceriienay
correlated with the fact thalinneroccurs in post-nuclear position, where the
nuclear accent is the contrastively stresisga (Presumably the fact thayn
rather thardinneris chosen by the speaker to be the nuclear accent relates to
the function of the speech act, and is independent of which word oficstrs
in the linear order of the sentence.)

The fact that in Roberts’ example the nuclear accent happens to dgiaur r
in the middle of the phrase that is the focusoofy complicates the analysis,
but Roberts’ example still has the same basic property as the cases we have
studied: a word that we would expect to receive accent occurs impasar
position and in fact is not accented. Once again, we may ask whether in this
case the word in question is marked as prominent in some other way, e.g. by
lengthening and intensity effects.

Are there any cases in which a semantic focus lacks accent, but does not
follow the nuclear accent? Dryer (1994) claims that there are, and psesen
candidate example. In the final sentence of (22), the second ocos fans
expressiora bookprecedes the nuclear accentrnany people

(22) A: | hear that John only gave [a bogkio Mary.
B: True, but John only gave [a bogk]r to [many people].

Dryer is certainly right to suggest that the most prominent accent in B’s
utterance can be amany peopleather thara book However, it is not clear
to us whether this sentence can be felicitously uttered with no pitch accent
on a book?® If Dryer is right, then we obviously would have to give up on
our hypothesis that pitch accentless realizations of foci are restrictaxsto p
nuclear positions. However, even if B’s utterance is felicitous with no pitch

35 Perhaps what Dryer is observing is simply thabookin (22) need not carry a nuclear
accent: it is naturally uttered without phrasal breaks betwebonokand the next accented
expression, i.eanany people
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accent ora book it remains open whether the information statua @ookis
marked by lengthening or greater intensity. If there is lengthening or greate
intensity but no pitch accent, then the example shows that pitch accentless
foci are not restricted to post-nuclear positions. However, it is only ifethe
are no prosodic correlates of focus at allaobookthat the example would be
problematic for the strong theories of focus which we have set out tmdefe

in this paper’

7. Conclusion

The focus of a focus sensitive operator receives the strongestatatress in
the scope of the operator, usually realized as a nuclear accent. Suxmumel
rence foci provide an extreme test case since they are typically deéadcen
Yet our results indicate that second occurrence foci are still markedtéth
strongest stress in the scope of the operator.

This analysis has two implications for theories of focus-marking and ac-
centuation. First, itimplies that phrasal stress plays an important role in mark-
ing focus, and that pitch accent is not required, although it is usuabn8lec
post-nuclear deaccenting is purely a restriction on the appeararuciof
accentdollowing a nuclear accent, while phrasal stress distinctions are per-
mitted following a nuclear accent. This is compatible with analyses of phrasal
stress and intonation such as Selkirk (1984:154f.) and Hayes (1995:396
but is inconsistent with analyses such as Bolinger (1958) which attribute all
phrase-level prominence to pitch accents, implying that there are no promi-
nence distinctions in the post-nuclear domain. Ladd (1996) has also pro-
posed a number of arguments for the existence of post-nuclear prominenc
distinctions, but attributes these to post-nuclear pitch accents (e.g. pp. 215

36 We have not experimentally examined the example types due to RoothiRabe Dryer
discussed above, but we have considered further constructed-daexample, consider the
following two variants of Rooth’s (19):

(i) In poor countries, people who sell vegetables normally only eattabtes.

(ii) In poor countries, people who have vegetables to sell normally onrg kiagetables to
eat.

Whereas (i) is parallel to Rooth’s original example, in (ii) the second weoae focus
vegetableprecedes the contrastive foceatrather than following it. Naive respondents who
were asked to read (i) and (ii) at first generally did not place contestress orsell and
eat When asked to emphasize this contrast, subjects’ reactions to (i) anéurfgdv One
respondent commented, not atypically: “It's harder to put emphasiglbandeatin [(ii) than
in (i)].” This provides further suggestive evidence that position of #eoad occurrence focus
relative to the nuclear accent could be important, although there arénbeudther factors
to be considered. For example, even if some productions of (ii) lackggitch accent, we
would have to rule out these being cases where the entirbdvE vegetables to eatas the
focus ofonly.
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227). Some of these observations might be attributed to post-nucleaabhras
stress rather than pitch accepgr se since they do not appear to involve
significant pitch movements. The only previous experimental investigation
of post-nuclear prominence of which we are aware is Huss (1978), isut th
study examines lexical stress, not phrasal stress, showing thatrsiressl
pairs such aéxport (noun) vs. exqurt (verb) are distinguished in post-nuclear
position (although the difference is subtle).

As discussed in section 6, studies of our production data indicate that pitch
accenting is optional on second occurrence foci, although it occunslyreo
minority of utterances. A more complicated question is whether the majority
of second occurrence foci are just like ordinary foci, but with pitch emgnt
suppressed. Our answer is a qualifiggs it is clear that pitch is usually
suppressed in the relevant examples, while other parts of seconaeroir
focus marking are similar to ordinary focus marking, but we cannot cdeclu
that pitch is theonly suppressed featu?é.If we hypothesize that pitch sup-
pression forces (most) second occurrence foci to be marked withaittha
accent, so that they are realized instead with phrasal stress only,iveearr
a testable prediction for future workll prosodic features that are shown to
correlate with phrasal stress rather than pitch accents should be employed
second occurrence focus marking. Vowel quality, for example, maydiea
prosodic feature.

As regards the semantics and pragmatics of focus, we have demonstrated
that the argument from second occurrence focus is invalid. This argume
implies a need fostrong pragmatic theories of focus rather thasaktheo-
ries in which the interpretative effects of focus are mediated via the syntax-
semantics interface. The argument took as its empirical basis a claim that
certain semantic foci are not phonologically focus marked, and, under f
ther assumptions, hence not F-marked. However, we have shown ¢hat th
are no grounds for denying that these semantic foci are phonologically f
cus marked: second occurrence foci have acoustic properties ,vifitie
absence of phonological focus marking, would be unexplained.

In section 6.3 we considered further data from the semantics literature,
based on variants of the canonical second occurrence focusigrarad/e
argued that in several cases the observed occurrence of semankacking
pitch accents could be given a similar explanation to the canonical cases. In
particular, these examples involve semantic foci occurring in a post-muclea
tail. The relevant cases are Roothise farmerexample (19) and Roberts’
dinner invitationexample (21). One type of example in the literature (22),
due to Dryer, is potentially more problematic, since it is claimed to involve
a semantic focus lacking phonological focus marking but in pre-nuckear p

37 As a matter of fact, Jaeger (2004, section 5) presents some evidandeténsity mark-
ing, in contrast to durational marking, is also subject to a relatively stretgction on second
occurrence focus expressions.
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sition. Further study is required to establish whether there are any acoustic
correlates of phonological focus marking in these cases, and, indbether
there is a pitch accent.

Apart from the issue of whether the semantic focus is in post-nuclear po-
sition, another significant question is whether exact repetition of material is
critical in producing the phenomenon of de-accented second occerfeci.
Although there is prior discussion in the literature (cf. footnote 34), this-que
tion has never been investigated experimentally. Indeed, none of the lexamp
types discussed in 6.3 have been studied experimentally in any published
work, so these example types remain as avenues for further research.

In the introduction to this paper we mentioned a pessimistic observa-
tion of Ladd’s, i.e. “that proposals about intonational meaning are net a r
liable source of evidence on intonational phonology.”(Ladd, 199603).1
We hope to have shown that work on intonational meaning can provide a
reliable source of evidence on intonational phonology, and convetisaty
intonational phonology can provide a reliable source of evidence onanton
tional meaning. Without collaborative work across linguistic sub-disciplines
there would be a danger of circularity. The methodological moral of this
paper is that progress in the study of intonation is possible if interface phe-
nomena, like second occurrence focus, are studied simultaneouslyp&rtbim
semantic/pragmatic and phonetic/phonological perspectives.

Appendix
A. Stimuli

1. a) Twins Kate and Jane usually get lots of cards from their filieion their
birthday. But Jim only sent Kate a card today.
Even Jack only sent Kate a card today.

b) Kate usually gets lots of nice presents on her birthday. Butdnother only
gave Kate a card today.
Even her mother only gave Kate a card today.

2. a) Pete really needed an injection to ease his pain. But theenoinéy gave Pete
a pill today.
Even the doctor only gave Pete a pill today.

b) Both Pete and Edward are suffering from the flu. But the nurdg gave
Pete a pill today.
Even the doctor only gave Pete a pill today.

3. a)Both Sid and his accomplices should have been named in thisingts
court session. But the defendant only hamed Sid in courttoda
Even the state prosecutor only named Sid in court today.
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b) Defense and Prosecution had agreed to implicate Sid botloimt@nd on
television. Still, the defense attorney only named Sid umtdoday.
Even the state prosecutor only named Sid in court today.

4. a) The family cat either stays in the tent or caravan. But mony tetlthe cat
in the tent today.
Even the kids only let the cat in the tent today.

b) The cat and the dog usually stay in the tent. But mom wouldlenthe cat
in the tent today.
Even the kids would only let the cat in the tent today.
5. a) Atthe San Francisco zoo, the chimps love nuts and fruit. @urigts always
throw nuts to the chimps there.
Even the guides always throw nuts to the chimps there.

b) At the Los Angeles zoo, both chimps and baboons love nutdoBuists
always throw nuts to the chimps there.
Even the guides always throw nuts to the chimps there.

6. a) You might think that in the prestigious Clark company of &egtts, all drafts
were done on the computer. But the intern always uses a pendtis there.
Even the chief architect always uses a pen for drafts there.

b) In some architecture companies, final versions of floor pmdrawn with
pens, but this is different at Flemming Associated Arckstethe intern
always uses a pen for drafts there.

Even the chief architect always uses a pen for drafts there.

7. a) You might think that Texas drugstores sell both small toygssaveets to kids.
But they always sell sweets to kids there.
Even Walgreens always sells sweets to kids there.

b) You might think that Texas drugstores sell sweets to botltsadnd kids.
But they always sell sweets to kids there.

Even Walgreens always sells sweets to kids there.

B. Further detailson the production experiment
This appendix contains further information on the work reported in section 4

B.1. EXCLUSION CRITERIA

As mentioned in section 4.3 not all elicited sentences could be used in the
phonetic analysis. Some items were lost through experimental error, though
this did not affect overall balance of the study, and some items were qualita-
tively not acceptable. In this section, we elaborate on our exclusioniariter

A blind review of the data was performed and all experimental sentences
that contained hesitations, stutter, or other significant reading effects we
removed. Whenever a sentence was removed from the analysis, the matchin
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sentence (with the inverted second occurrence focus assignmentjseas a
removed. This resulted in the removal of ¥72 = 34 experimental items
(corresponding to 6% of all items). A lost sound file and two targets on which
no measures could be obtained resulted in another 0.9% data loss. Each item
contained two targets (i.e. the direct and the indirect object NP), yieldi4g 10
targets for phonetic measures. Since subjects had read each stimulus twice,
all phonetic measures were averages over those two instances (in ss#ae ca
only one instance was available because the other instance had already be
excluded). After averaging over the repeated items, 556 of the expeéted
items (7 dialogues eliciting 2 different focus structures each, read twi26 by
speakers) were available for the duration, energy, and intensity asdlyss
corresponds to a data loss of 0.7%). The pitch analysis was performedion 5
items (2.8% data loss). This was due to further exclusion of items for which
either (a) the pitch tracking failed to find a pitch value, (b) the observed pitch
value was likely to be incorrect (i.e. the maximum pitch on the target deviated
more than 2 standard deviations from the mean pitch of the whole utterance),
(c) the pitch on the target had a range of 0, or (d) an otherwise usable item
was removed due to problems (a) to (c) on its matching item.

B.2. TESTS OF NORMALITY

The standard normality tests were conducted and in cases where aeepend
variable was not sufficiently normally distributed the usually transformations
were used to meet the normality conditiohs(X) for duration datax® for the
energy measurg/x for rms intensity).
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