
Dennison	  &	  Schafer	  (2010)	  
plus	  related	  background	  materials	  

Mike	  Frank	  
Psych/Ling	  236	  

5/7/12	  	  



IntonaHon	  and	  meaning	  

•  IntonaHon	  is	  a	  conHnuous,	  mulHdimensional	  
space	  
– ProducHon	  and	  comprehension	  are	  noisy	  
–  (Similar	  to	  general	  phoneme	  percepHon?	  Or	  
unlike	  discrete	  word	  choice?)	  

•  IntonaHon	  modulates	  interpretaHon	  
– Reflects	  informaHon	  structure	  
– Hence	  can	  lead	  to	  significant	  implicatures	  (e.g.	  
about	  informaHon	  structure)	  



ToBI	  labeling	  
 
One popular program for labelling and displaying ToBI transcriptions is Praat (available at 
http://www.praat.org ). Here is an example using Praat to display the utterance waveform, the f0 
contour, the spectrogram and the first four tiers for the utterance Armani knew the millionaire.   
 
Figure 1: armani1.wav with accompanying Praat TextGrid.   <armani1> 

 
 
The topmost window in this display shows the waveform of the recorded utterance; later, when 
you learn how to expand the horizontal time scale, you will see more clearly the vertical 
striations that indicate the individual pitch pulses made by the vocal folds as they vibrate.  The 
horizontal axis corresponds to time and the vertical axis to the amplitude of the vibration. You 
can see in the waveform that the amplitude varies roughly with the syllable structure of the 
utterance: it is large for vowels (where the mouth is open relatively wide), smaller for consonants 
(which have a constriction in the vocal tract), and zero (or nearly zero) when there is no speech 
signal. 
 
The rate of vibration of the vocal folds is what we hear as the pitch, and this is represented in the 
second window as a semi-continuous blue line superimposed on a different representation of the 
speech signal, the spectrogram (see “What is the spectrogram?” in the grey box below). When 
you play this utterance, notice where you hear a higher pitch.  Do these words and syllables 
correspond to the places where the F0 contour (also called the pitch track or the f0 track, 
although f0 and perceived pitch are not exactly the same thing) is higher, as indicated by the blue 
lines?  
 
 
 
 
  

Silverman	  et	  al.	  (1992)	  



Prosodic phrasing
•  2 `levels’ of phrasing in ToBI 

–  intermediate phrase: one or more pitch accents plus a 
phrase accent (H-      or L-     ) 

–  intonational phrase: one or more intermediate 
phrases + boundary tone (H%     or L%     ) 

•  ToBI break-index tier  

–  0 no word boundary 
–  1  word boundary   
–  2  strong juncture with no tonal markings   
–  3  intermediate phrase boundary 
–  4  intonational phrase boundary 



ToBI accent types

•  Accent:  Which items are made 
intonationally prominent and how? 

•  Accent type: 
– H*  simple high (declarative)   
– L*  simple low  (ynq)  
– L*+H  scooped, late rise (uncertainty/ 

incredulity) 
– L+H*  early rise to stress  (contrastive focus)

   
– H+!H* fall onto stress (implied familiarity)  



Moreover, the agreement numbers for ToBI observed here are 
comparable to those in previous studies [5,6,10], indicating that 
study participants were proficient coders. In addition, RaP 
demonstrated somewhat higher agreement than ToBI for 
presence and type of phrasal boundary. This may be because 
phrasal boundaries in RaP are based entirely on perceived 
disjuncture, while phrasal boundaries in ToBI are based on both 
perceived disjuncture and tonal labels. The two systems perform 
comparably with respect to presence and type of pitch accent. 
Finally, the results show that RaP permits reliable coding for 
speech rhythm.  

Table 2. Agreement for pitch accent and phrasal 
boundary labels in ToBI and RaP. 

 TSP Kappa 
 ToBI RaP ToBI  RaP 

Presence of a 
pitch accent  87% 86% 0.71 0.71 

Type of pitch 
accent 80% 80% 0.68 0.65 

Presence of a 
phrasal boundary  88% 92% 0.66 0.74 

Type of phrasal 
boundary 76% 84% 0.40 0.61 

 

Table 3. Agreement for speech rhythm labels in RaP. 

 TSP Kappa 
Presence of a beat 90% 0.80 
Strength of a beat 79% 0.65 

5. Conclusions 
The present paper examined inter-transcriber agreement for two 
prosodic labeling systems, the ToBI (Tones and Break Indices) 
and RaP (Rhythm and Pitch) systems. These results demonstrate 
high agreement for both systems, with somewhat better 
performance of RaP for labeling phrasal boundaries. Finally, it 
was demonstrated that RaP permits reliable coding of speech 
rhythm. 
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ToBI	  reliability	  –	  Dilley,	  Breen,	  et	  al.	  (2006)	  
•  To	  what	  extent	  do	  expert	  raters	  agree	  on	  what	  
pitch	  accent	  it	  is?	  

•  TSP	  =	  percent	  agreement	  
•  Kappa	  =	  chance-‐corrected	  agreement	  
•  General	  agreement	  on	  qualitaHve	  details,	  but	  some	  
disagreement	  on	  parHcular	  accents	  /	  boundaries	  



Ito	  &	  Speer	  (2008)	  –	  Pitch	  accent	  ma^ers	  

Spoken materials. The intonation patterns for the audio
instructions were determined based on speech produc-
tion data from a previous experiment using a compara-
ble holiday tree decoration task (Ito et al., 2003; Ito &
Speer, 2006). In the previous study, naive speakers gave
instructions on how to decorate holiday trees to our con-
federate, who decorated them. Speakers were not
instructed as to what to say, but saw a CRT display with
two color photographs on each trial. One showed the
next ornament to hang, and the other showed a tree
marked at the appropriate location with a text tag nam-
ing the ornament (e.g., ‘green onion’). This unscripted
interactive task allowed us to record spontaneous pro-
ductions of the intonation patterns that participants typ-
ically produced for the adjective–noun ornament names.
Results showed that both adjectives and nouns were
very likely to be accented when they were mentioned
for the first time (over 80% of the time). However, while
adjectives were accented with similar frequency regard-
less of whether they had been already mentioned, nouns
were less likely to be accented on subsequent mentions
(probability of accentuation dropped to .5 when an
already-mentioned noun followed the first mention of
an adjective). When adjectives appeared in a contrastive
context, they were frequently pronounced with L + H*
(46% when they were mentioned for the first time, and
50% for subsequent mentions). L + H* on nouns in con-
trastive contexts was less frequent (19% first mention,
18% already mentioned).

Auditory stimuli for Experiment 1 were constructed
on the basis of these patterns from naive speakers. Items
contained a pitch accent on both the first and consecu-
tive mentions of both nouns and adjectives. Adjective
noun pairs that did not occur in contrastive context were
assigned the sequence most typical for such pairs in our
production study, H* !H*, where the accent on the noun
was ‘downstepped’ from the preceding adjective’s
accent. The only exception was when the first mention
of a noun followed an already-mentioned adjective, in
which case the sequence assigned was H* H* (again,
with reference to such sequences in the production
study). In contrastive contexts, where an adjective or
noun was repeated on the immediately following trial,
L + H* was assigned to the contrast word. When a noun
was repeated, L + H* on the adjective was followed by

no accent on the noun. When an adjective was repeated,
it was assigned a H*, and L + H* occurred on the fol-
lowing noun. Table 1 shows the four critical conditions
and their associated pitch accent patterns for the instruc-
tions used in Experiment 1. (Four additional conditions
appeared in the design of the experiment. These condi-
tions tested the e!ect of initial vs. repeated mention of
adjectives and nouns, but did not involve contrast. They
are omitted from further discussion here for reasons of
space). The crucial comparisons among the four condi-
tions are between the Felicitous and Infelicitous Adjec-
tive Contrast trials (Felicitous Adj Contrast vs.
Infelicitous Adj Contrast) and between the Felicitous
and Infelicitous Noun Contrast trials (Felicitous N Con-
trast vs. Infelicitous N Contrast). Felicitous and Infelic-
itous Adj Contrast conditions appeared in ‘‘contrast-on-
color’’ discourse context, where the words describing the
sequence of objects specified a new color for a subse-
quent object of the same type (e.g., green drum fi blue
drum). Felicitous and Infelicitous N Contrast conditions
appeared in ‘‘contrast-on-object’’ discourse context,
where the words describing the sequence of objects spec-
ified the same color for a subsequent object of a di!erent
type (e.g., blue onion fi blue drum). Each tree had two
trials in each of the four critical contrast conditions.

Instructions were recorded at 22.05 KHz, 16 bit reso-
lution (using SoundEdit 16, Version II, Macromedia) by
a trained female phonetician who could maintain a con-
sistent overall pitch range and intonation pattern across
items within each condition. The F0 values were calcu-
lated with a 10 ms window using an autocorrelation
algorithm (Boersma, 1993) in Praat (Version 4.2.17:
Boersma & Weenick, 1992-2004). To validate the accen-
tual patterns present in the stimuli, two independent
ToBI transcribers annotated the target instructions in
a randomized order. Instructions were re-recorded until
both transcribers gave independent annotations indicat-
ing that the target adjective and the noun carried the
intended intonational patterns. Fig. 1 shows example
ToBI transcriptions of the utterances used for the Felic-
itous and Infelicitous Adj Contrast conditions.

Our ToBI annotators used the pitch accent categories
H* and L + H* as specified in the guide to ToBI labeling
(Beckman & Ayers, 1997). However, we acknowledge
that some scholars consider the phonological distinction

Table 1
Experiment 1: Information status and accent pattern for the critical four conditions

Type of mention Preceding context Target instruction with accent specification

Critical conditions
Felicitous Adj Contrast . . . green drum fi BLUEL + H* drumno accent

Infelicitous Adj Contrast . . . green drum fi blueH* DRUML + H*

Felicitous N Contrast . . . blue onion fi blueH* DRUML + H*

Infelicitous N Contrast . . . blue onion fi BLUEL + H* drumno accent

Note: Adj, Adjective; N, Noun. fi indicates immediate adjacency between the target trial and the preceding trial.

K. Ito, S.R. Speer / Journal of Memory and Language 58 (2008) 541–573 547

give the number of fixations to the target cell divided by
the number of possible fixations (36 participants · 8 tri-
als per condition, 288). The fixation proportions are
shown aligned from the onset of the object noun, dis-
playing the fixations during the prenominal adjectives
with negative time values. This alignment strategy was

adopted for two reasons. First, the object noun was
the critical word that singled out the referent to be
mapped onto the real world object. Thus, aligning fixa-
tion proportions from the onset of the noun allows
direct comparison of eye movement timing between
our data and those of previous studies such as Allopen-

Fig. 3. An example image of the ornament board.

Fig. 4. Experiment 1: Proportion of fixations to the target object cell, aligned from noun onset in the four critical conditions.
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that previous mention of the words, or previous fixa-
tion of the relevant ornament cell might have on fixa-
tions in these conditions.

The same female speaker recorded auditory stimuli
with the identical recording settings. Stimuli were re-
recorded until the same two ToBI annotators indepen-
dently confirmed that they bore the intended intona-
tional patterns. Table 5 shows the mean duration of
the verb, the article the, the color adjective and the
object noun, and the mean peak F0 values of the adjec-
tives and nouns of the target instructions used in Exper-
iment 2.

The eye-tracking procedure in Experiment 2 was
identical to that of Experiment 1. Four grids of orna-
ments were used to decorate four trees, and partici-
pants were given the same instructions for the task
and the same practice trials. The only di!erences

between Experiments 1 and 2 were the order of deco-
ration, the distribution of adjectives and nouns into
item pairs in conditions, and the intonational patterns
of the instructions. Note, adjective-noun pairs in
Experiment 2 were assigned to di!erent conditions
than they were in Experiment 1. Thus a comparison
examination of like conditions that occur in both
experiments (specifically, felicitous and infelicitous
L + H* no accent trials) provides a test of whether
the e!ects in these conditions generalize across di!er-
ent sets of items.

Results and discussion

Due to experimenter error in the sequencing of trials
on one of the trees, we had to eliminate one trial in the
Infelicitous Adjective Contrast condition from every

Table 5
Experiment 2: Mean duration and F0 values of the target stimuli

Condition Verb the Adj Noun

(ms) (ms) (ms) accent F0 (Hz) (ms) accent F0 (Hz)

Critical conditions
Felicitous Adj Contrast 265 88 302 L + H* 354 473 — —
Neutral Adj Contrast 315 85 344 H* 225 484 !H* 191
Felicitous No Contrast 325 101 342 H* 213 493 !H* 187
Infelicitous No Contrast 334 99 338 L + H* 360 482 — —

Fig. 5. Experiment 2: Proportion of fixations to the target object cell, aligned from noun onset in the four critical conditions.

K. Ito, S.R. Speer / Journal of Memory and Language 58 (2008) 541–573 555
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and 3 conditions for each of the three experiments. Specifically, we tested focus
location by comparing the features from productions in which each of the
elements (subject, verb, object) was focused vs. given. We tested focus type by
comparing the features from sentences in which the focused element was
contrastively or noncontrastively focused at each of the three syntactic
positions. Last, we tested focus breadth by comparing the features for
sentences with wide focus to those with narrow object focus. In addition to the
analysis of acoustic features, in Experiments 2 and 3 we investigated whether
listeners could correctly determine the intended information structure.

EXPERIMENT 1

Method

Participants

Nine pairs of participants were recorded. All participants were self-
reported native speakers of American English. All participants were MIT
students or members of the surrounding community. Participants were paid
for their participation.

Materials

Each trial consisted of a set-up question and a target sentence, which always
had an SVO structure (e.g., Damon fried an omelet this morning). The target
sentence could plausibly answer any one of the seven set-up questions (see
Table 1), which served to focus different elements of the sentence or the entire
event described in the sentence. The first condition focused the entire event
(i.e., What happened this morning?). In the remaining conditions, two factors

TABLE 1
Example item from Experiment 1. The target sentence is ‘‘Damon fried an omelet this

morning’’

Condition Focus type
Focused
argument Setup question

1 Noncontrastive Wide What happened this morning?
2 Noncontrastive S Who fried an omelet this morning?
3 Noncontrastive V What did Damon do to an omelet this morning?
4 Noncontrastive O What did Damon fry this morning?
5 Contrastive S Did Harry fry an omelet this morning?
6 Contrastive V Did Damon bake an omelet this morning?
7 Contrastive O Did Damon fry a chicken this morning?

ACOUSTICS OF INFORMATION STRUCTURE 1053
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other two features are also contributing. In fact, inspection of the acoustic
feature means in Figure 7 demonstrates that the highest value of every
acoustic feature is associated with the intended focused item, with the
exception of mean F0 when the subject is focused.

Focus type

Focus type*subject position. The overall Wilks’s Lambda was signifi-
cant, L!.633, x2(12)!81.41, pB.001, indicating that the acoustic features
could discriminate between noncontrastive and contrastive focus better than
chance. Leave-one-out classification correctly classified 75% of the produc-
tions. The model correctly classified noncontrastive focus 78% of the time
and contrastive focus 71% of the time.

The standardised canonical discriminant function coefficients in Table 4
indicate that maximum intensity at all three locations (i.e., large intensity
differences between the subject and verb and the subject and object)
contributes most to classification. Figure 8 graphically presents the mean
values of the four features, demonstrating that, in addition to intensity
differences, contrastive focus is produced with longer duration and silence, as
well as lower mean and maximum F0.

Figure 6. Separation of focus locations on two discriminant functions for Experiment 2. The
figure illustrates an effective discrimination among the three groups. Productions of subject focus
are clustered in the lower left quadrant of the plot; productions of verb focus are clustered in the
lower right quadrant; productions of object focus are clustered in the lower half.
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Argument	  (QUD)	  was	  always	  
differenHated,	  but	  focus	  type	  
needed	  to	  be	  made	  explicit	  to	  
parHcipants	  (even	  in	  an	  explicit	  
communicaHon	  task)	  before	  it	  
was	  differenHated	  in	  prosody	  
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Figure 3: Mean Log-RTs for Experiment 1a (contrastive visual targets) as a function of 
the experimental conditons: intonation (contrastive vs. non-contrastive) and Prime Type 

(control vs. related). Error bars represent standard error  

 
 

In	  Florida	  he	  photographed	  a	  [flamingo/FLAMINGO]	  
	  
Flamingo	  (prime),	  Pelican	  (contrasHve	  related),	  Pink	  (non-‐contrasHve	  
related),	  Celebrity	  (disHnct)	  
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ABSTRACT 

Little experimental evidence exists for how prosodic/ 
intonational information might affect the generation of an 
implicature. We provide online evidence that the 
combination of an L+H* pitch accent and an L!H% 
boundary tone work together to imply a contradiction, and 
that this contour has distinct effects from an L+H* L!L% 
tune. We also compare the online processing of changes in 
meaning suggested by prosody versus explicit negation. The 
results highlight the importance of intonational information 
in sentence understanding, and the differences in processing 
prosodically cued contrastive information versus lexical 
negation. 

Keywords: visual search, contrastive prosody, implicature 

1. INTRODUCTION 

Recent psycholinguistic studies using an eye-tracking 
paradigm have provided detailed evidence on how the 
contrastive pitch accent L+H* is interpreted in the mind of 
listeners (e.g., [5, 12, 13]). These and similar studies have 
explored how the pitch accent delivers contrastive meaning 
by evoking an alternative set, when the alternative set is 
composed of objects depicted in a visual display (e.g., a blue 
star vs. a red star, both present in a display). These studies 
limited their investigations to the effects of pitch accents that 
were combined with only one type of edge tone: L!L%. 
Here, we consider how the type and location of pitch accents 
as well as the type of boundary tone affect the on-line 
comprehension of implied meaning.  
 We tested sentences such as Lisa had the bell, in which 
contrastive accent on had and a sentence-final rise work 
together to support the implicature that Lisa no longer has 
the bell. In this paper we call this implicature state 
contradiction. Our sentences were presented as part of a 
visual world task, in which eye movements were tracked 
during the comprehension of critical sentences. The task 
required participants to use the computer mouse to click on 
depictions of the mentioned objects (e.g., the bell). Here, we 
focus on predictions and results from the click component of 
the task. 
 One goal of the study was to test the compositionality 
hypothesis for tune meaning [8]. The hypothesis states that 
each component of prosodic units (e.g., pitch accent, 
boundary tones) carries particular meanings and they are 
combined to contribute to the interpretation of the whole 
tune. The particular meaning of L+H* that is discussed in [8] 
is to evoke a salient scale that promotes the accented item 
while rejecting some alternative items. Using three types of 
tunes—contrastive, emphatic, and neutral (see Table 1 below 
for experimental conditions), we examined whether an L+H* 
accent on the critical word was sufficient to create the state 
contradiction meaning, versus whether the implicature was 
dependent on the combination of the contrastive accent and a 
subsequent L!H% end contour.  
 We also looked at a prosodically matched set of 
negative sentences, such as Bart didn’t have the bee (see 
Table 1). Researchers have argued that interpreting negative 

sentences requires the processing of both the negated 
meaning and the actual meaning [4]. For example, [6] 
presented experimental results showing that upon reading a 
sentence like The door was not open, people think of both an 
open door and a closed door. Therefore, a second goal of this 
study was to compare the time course of processing a type of 
derived meaning signaled by a lexical cue (i.e., not) versus a 
prosodic cue (i.e., L+H* and/or L!H%).  

2. METHOD 

2.1. Materials 

A visual field presented on a computer monitor was split in 
half to depict the rooms of two cartoon characters: Lisa 
Simpson’s room on the left and Bart Simpson’s room on the 
right. Figure 1 shows an example display. Each room 
contained 10 to 12 objects, one of which matched a test 
sentence (e.g., Lisa had the bell). Displaying multiple 
objects in a visual search task avoids the closed-set issue 
addressed by researchers who are concerned that any effects 
from simple displays may be artifacts of task-specific 
strategies (e.g., [5, 10]). Further, our task compared 
conditions in which the mentioned object was or was not 
found in the room of the referent of the sentential subject. 
The visual search task thus increased the difficulty for 
locating the mentioned object, allowing us to evaluate 
whether prosodically conditioned implicature and negation 
influenced a shift in attention from the sentential subject’s 
room to the alternate room (or the whole display). 
  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. An example of a room display 
(The six squares were not shown to participants.) 
 
 All target objects had monosyllabic names. This was to 
ensure participants had opportunities to perceive prosodic 
signals—especially the final rising or falling boundary 
tones—before the critical segmental information was fully 
disclosed. To further prevent object search purely based on 
segmental information, each target item (e.g., bell) was 
displayed with three cohort items (e.g., belt, bed, bench)—
one located in the same room as the target and two 
positioned in the other room. To participants, the displays 
appeared as if objects were moved for every trial. There 
were six designated locations, however, where the target and 
cohort objects appeared. The six squares marked on Figure 1 
represent the critical cells (they were not shown to 
participants). 

Lisa	  HAD	  the	  bell…	  



2.2. Participants and Procedures 

Sixty four native English speakers participated in this study 
and received either course credit or $10. Participants were 
seated in front of a desktop computer and wore a lightweight 
head-mounted eye-tracker (ASL E5000).  
 The experiment was run by E-prime, Version 1.2 
(Psychology Software Tools, Inc.). Participants were first 
presented with a cover story that provided a clear behavioral 
goal: to find and click on the objects mentioned in sentences. 
The story stated that some creature moves belongings of Lisa 
and Bart around and this upsets the kids. The mom in the 
story, Marge Simpson, constantly recites ‘who had what’ 
from her memory to aid the return of objects to the correct 
owner’s room. This story line ensured a felicitous use of the 
past tense verb ‘had’ both for ongoing possession of an 
object and for a switch of possession. Participants in a pilot 
study confirmed the naturalness of this set-up. 
 Each trial consisted of two visual searches directed by 
two separate sentences. Target sentences, however, appeared 
only as the first sentence in a trial. All of the second 
sentences were filler items. In each trial, the onset of the 
display was synchronized with the onset of the first sound 
file. Participants listened to a sentence (e.g., Lisa had the 
bell) and then clicked on the object mentioned in the 
sentence (e.g., the bell) as quickly as possible. Mouse click 
reaction times (RTs) were measured from the offset of each 
sound file. Upon the mouse click (i.e., the completion of the 
first search), another sentence was played while the visual 
display remained the same. Overall, each participant 
completed a total of 80 randomly-presented pairs of visual 
searches, comprised of 32 target and 128 filler sentences.  

2.3. Experimental Conditions and Predictions 

The reason for using the past tense was to induce one of the 
dominant implications—but not anymore—from the L+H* 
L!H% tune (i.e., state contradiction: [3]). The experimental 
set-up biased participants to perceive ‘Lisa had the bell 
…but now Bart has it.’ That is, given the specific layout of 
the experiment where the possessor of an object can only be 
either Lisa or Bart (i.e., a limitation on the number of 
alternative possessors), we predicted that participants who 
perceived implied state contradiction would quickly switch 
their looks from the room of the mentioned possessor (i.e., 
Lisa) to the room of the implied possessor (i.e., Bart). 
 The experiment contained 2 sets of 4 comparable 
conditions: the first set with four affirmative sentences and a 
second set with four negative sentences. The affirmative and 
negative conditions used different items for both the 
sentential subject and the objects. The affirmative set always 
used the sentential subject Lisa, while the negative set 
always employed Bart. Filler sentences disguised this 
manipulation. 
 ToBI and acoustic analyses confirmed that the 
sentences had similar overall durations (mean: 1.09 seconds 
for affirmative sentences, 1.15 seconds for negative 
sentences) and were produced with the intended intonation 
(see Table 2 for key measurements). 
 Each condition in the affirmative set (C1!C4 in Table 1) 
had an equivalent condition in the negative set (C5!C8), 
using three types of tunes: contrastive, emphatic, and neutral 
tunes. In all conditions except C2 and C6, the object location 
was faithful to the sentence meaning, under the assumption 
that the prosodically implied state contradiction meaning 
would be dominant in the contrastive conditions (C1 and C5); 
see [3]. In C2 and C6, the object location was not supported 
by the sentence meaning, if we assume that the L+H* L!L% 
tune emphatically affirms the literal meaning stated in the 
sentence. These two false conditions served as critical 

comparisons for the contrastive tune conditions (C1 and C5), 
as well as the emphatic true conditions (C3 and C7), 
respectively. Fillers limited the proportion of false trials to 
just 7% and normalized the range of tunes.  
 
Table 1. Sentence types, tunes, and truth of the display 

 Sentences and Tunes 
Object location  Truth  

 
L’s B’s 

C1 
       L+H*       L-H%  
Lisa HAD the bell.  
(contrastive) 

 bell True 

C2 
       L+H*       L-L%  
Lisa HAD the bell. 
(emphatic) 

 bell False 

C3 
       L+H*       L-L%     
Lisa HAD the bell. 
(emphatic) 

bell  True 

C4 
  H*                  H*L-L%   
LISA had the BELL.   
(neutral) 

bell  True 

C5 
         L+H*                  L-H%    
Bart DIDN’T have the bee.  
(contrastive) 

 bee True 

C6 
         L+H*                  L-L%    
Bart DIDN’T have the bee.  
(emphatic) 

 bee False 

C7 
         L+H*                   L-L%    
Bart DIDN’T have the bee. 
(emphatic) 

bee  True 

C8 
   H*      H*                     H*L-L%     
BART DIDN’T have the BEE. 
(neutral)    

bee  True 

 
Table 2. Duration (in ms) and F0 Max (in Hz) for test items 

Aff. 
Set 

Lisa had  the Object 

ms Hz ms Hz  ms ms Hz 

Cont. 264 190 332 245  48 487 217 

Emph. 269 191 333 254  51 439 171 

Neut. 274 194 247 187  45 495 227 

Neg. 
set 

Bart didn't have the Object 

ms Hz ms Hz ms ms ms Hz 

Cont. 264 192 235 275 195 44 414 209 

Emph. 262 200 210 265 211 44 392 160 

Neut. 254 193 194 200 231 39 454 226 

2.3.1.  Hypotheses for the affirmative set 

Assuming highly incremental sentence processing and a tight 
relationship between attention and visual behavior (e.g., [10, 
11]), we predicted that the subject name Lisa in the auditory 
stimuli would direct participants’ looks to Lisa’s room in the 
display. Therefore, we expected that looks to and mouse 
clicks on the target objects would be faster in conditions C3 
and C4 than in any other condition, since the rest of the 
linguistic information following the subject name supports 
the referent of the sentential subject as the possessor of the 
mentioned object. We also predicted that we might see 
shorter mouse click RTs in C4 than in C3. The direct object 
carries a presentational pitch accent (H*) in C4, but not in 
C3, and accentuation is known to facilitate information 
processing (e.g., [5]).  
 Further, we predicted that the rising edge tone L!H% in 
C1 would motivate a shift of looks from the mentioned 
subject’s room (i.e., Lisa’s) to the other room (i.e., Bart’s), if 
participants are able to construct implied state contradiction 

Design:	  
	  
3	  (emph/cont/
neut)	  	  
2	  (locaHon)	  	  
2	  (neg/pos)	  
	  
=	  12	  condiHons	  
	  
Why	  only	  	  8	  used?	  
	  
(note	  also	  
confound	  between	  
affirmaHve/Lisa,	  
neg/Bart)	  



PredicHons	  

2.2. Participants and Procedures 

Sixty four native English speakers participated in this study 
and received either course credit or $10. Participants were 
seated in front of a desktop computer and wore a lightweight 
head-mounted eye-tracker (ASL E5000).  
 The experiment was run by E-prime, Version 1.2 
(Psychology Software Tools, Inc.). Participants were first 
presented with a cover story that provided a clear behavioral 
goal: to find and click on the objects mentioned in sentences. 
The story stated that some creature moves belongings of Lisa 
and Bart around and this upsets the kids. The mom in the 
story, Marge Simpson, constantly recites ‘who had what’ 
from her memory to aid the return of objects to the correct 
owner’s room. This story line ensured a felicitous use of the 
past tense verb ‘had’ both for ongoing possession of an 
object and for a switch of possession. Participants in a pilot 
study confirmed the naturalness of this set-up. 
 Each trial consisted of two visual searches directed by 
two separate sentences. Target sentences, however, appeared 
only as the first sentence in a trial. All of the second 
sentences were filler items. In each trial, the onset of the 
display was synchronized with the onset of the first sound 
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bell) and then clicked on the object mentioned in the 
sentence (e.g., the bell) as quickly as possible. Mouse click 
reaction times (RTs) were measured from the offset of each 
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dominant implications—but not anymore—from the L+H* 
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set-up biased participants to perceive ‘Lisa had the bell 
…but now Bart has it.’ That is, given the specific layout of 
the experiment where the possessor of an object can only be 
either Lisa or Bart (i.e., a limitation on the number of 
alternative possessors), we predicted that participants who 
perceived implied state contradiction would quickly switch 
their looks from the room of the mentioned possessor (i.e., 
Lisa) to the room of the implied possessor (i.e., Bart). 
 The experiment contained 2 sets of 4 comparable 
conditions: the first set with four affirmative sentences and a 
second set with four negative sentences. The affirmative and 
negative conditions used different items for both the 
sentential subject and the objects. The affirmative set always 
used the sentential subject Lisa, while the negative set 
always employed Bart. Filler sentences disguised this 
manipulation. 
 ToBI and acoustic analyses confirmed that the 
sentences had similar overall durations (mean: 1.09 seconds 
for affirmative sentences, 1.15 seconds for negative 
sentences) and were produced with the intended intonation 
(see Table 2 for key measurements). 
 Each condition in the affirmative set (C1!C4 in Table 1) 
had an equivalent condition in the negative set (C5!C8), 
using three types of tunes: contrastive, emphatic, and neutral 
tunes. In all conditions except C2 and C6, the object location 
was faithful to the sentence meaning, under the assumption 
that the prosodically implied state contradiction meaning 
would be dominant in the contrastive conditions (C1 and C5); 
see [3]. In C2 and C6, the object location was not supported 
by the sentence meaning, if we assume that the L+H* L!L% 
tune emphatically affirms the literal meaning stated in the 
sentence. These two false conditions served as critical 

comparisons for the contrastive tune conditions (C1 and C5), 
as well as the emphatic true conditions (C3 and C7), 
respectively. Fillers limited the proportion of false trials to 
just 7% and normalized the range of tunes.  
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(contrastive) 
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Assuming highly incremental sentence processing and a tight 
relationship between attention and visual behavior (e.g., [10, 
11]), we predicted that the subject name Lisa in the auditory 
stimuli would direct participants’ looks to Lisa’s room in the 
display. Therefore, we expected that looks to and mouse 
clicks on the target objects would be faster in conditions C3 
and C4 than in any other condition, since the rest of the 
linguistic information following the subject name supports 
the referent of the sentential subject as the possessor of the 
mentioned object. We also predicted that we might see 
shorter mouse click RTs in C4 than in C3. The direct object 
carries a presentational pitch accent (H*) in C4, but not in 
C3, and accentuation is known to facilitate information 
processing (e.g., [5]).  
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A)	  L+H*	  should	  make	  
alternaHves	  salient,	  
regardless	  of	  boundary	  
tone	  (final	  intonaHon)	  
	  
B)	  L+H*	  should	  only	  make	  
alternaHves	  salient	  in	  the	  
case	  that	  boundary	  tone	  
supports	  this	  inference	  
(“composiHonal	  prosody”)	  
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seated in front of a desktop computer and wore a lightweight 
head-mounted eye-tracker (ASL E5000).  
 The experiment was run by E-prime, Version 1.2 
(Psychology Software Tools, Inc.). Participants were first 
presented with a cover story that provided a clear behavioral 
goal: to find and click on the objects mentioned in sentences. 
The story stated that some creature moves belongings of Lisa 
and Bart around and this upsets the kids. The mom in the 
story, Marge Simpson, constantly recites ‘who had what’ 
from her memory to aid the return of objects to the correct 
owner’s room. This story line ensured a felicitous use of the 
past tense verb ‘had’ both for ongoing possession of an 
object and for a switch of possession. Participants in a pilot 
study confirmed the naturalness of this set-up. 
 Each trial consisted of two visual searches directed by 
two separate sentences. Target sentences, however, appeared 
only as the first sentence in a trial. All of the second 
sentences were filler items. In each trial, the onset of the 
display was synchronized with the onset of the first sound 
file. Participants listened to a sentence (e.g., Lisa had the 
bell) and then clicked on the object mentioned in the 
sentence (e.g., the bell) as quickly as possible. Mouse click 
reaction times (RTs) were measured from the offset of each 
sound file. Upon the mouse click (i.e., the completion of the 
first search), another sentence was played while the visual 
display remained the same. Overall, each participant 
completed a total of 80 randomly-presented pairs of visual 
searches, comprised of 32 target and 128 filler sentences.  

2.3. Experimental Conditions and Predictions 

The reason for using the past tense was to induce one of the 
dominant implications—but not anymore—from the L+H* 
L!H% tune (i.e., state contradiction: [3]). The experimental 
set-up biased participants to perceive ‘Lisa had the bell 
…but now Bart has it.’ That is, given the specific layout of 
the experiment where the possessor of an object can only be 
either Lisa or Bart (i.e., a limitation on the number of 
alternative possessors), we predicted that participants who 
perceived implied state contradiction would quickly switch 
their looks from the room of the mentioned possessor (i.e., 
Lisa) to the room of the implied possessor (i.e., Bart). 
 The experiment contained 2 sets of 4 comparable 
conditions: the first set with four affirmative sentences and a 
second set with four negative sentences. The affirmative and 
negative conditions used different items for both the 
sentential subject and the objects. The affirmative set always 
used the sentential subject Lisa, while the negative set 
always employed Bart. Filler sentences disguised this 
manipulation. 
 ToBI and acoustic analyses confirmed that the 
sentences had similar overall durations (mean: 1.09 seconds 
for affirmative sentences, 1.15 seconds for negative 
sentences) and were produced with the intended intonation 
(see Table 2 for key measurements). 
 Each condition in the affirmative set (C1!C4 in Table 1) 
had an equivalent condition in the negative set (C5!C8), 
using three types of tunes: contrastive, emphatic, and neutral 
tunes. In all conditions except C2 and C6, the object location 
was faithful to the sentence meaning, under the assumption 
that the prosodically implied state contradiction meaning 
would be dominant in the contrastive conditions (C1 and C5); 
see [3]. In C2 and C6, the object location was not supported 
by the sentence meaning, if we assume that the L+H* L!L% 
tune emphatically affirms the literal meaning stated in the 
sentence. These two false conditions served as critical 

comparisons for the contrastive tune conditions (C1 and C5), 
as well as the emphatic true conditions (C3 and C7), 
respectively. Fillers limited the proportion of false trials to 
just 7% and normalized the range of tunes.  
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       L+H*       L-H%  
Lisa HAD the bell.  
(contrastive) 

 bell True 
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(emphatic) 
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Lisa HAD the bell. 
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2.3.1.  Hypotheses for the affirmative set 

Assuming highly incremental sentence processing and a tight 
relationship between attention and visual behavior (e.g., [10, 
11]), we predicted that the subject name Lisa in the auditory 
stimuli would direct participants’ looks to Lisa’s room in the 
display. Therefore, we expected that looks to and mouse 
clicks on the target objects would be faster in conditions C3 
and C4 than in any other condition, since the rest of the 
linguistic information following the subject name supports 
the referent of the sentential subject as the possessor of the 
mentioned object. We also predicted that we might see 
shorter mouse click RTs in C4 than in C3. The direct object 
carries a presentational pitch accent (H*) in C4, but not in 
C3, and accentuation is known to facilitate information 
processing (e.g., [5]).  
 Further, we predicted that the rising edge tone L!H% in 
C1 would motivate a shift of looks from the mentioned 
subject’s room (i.e., Lisa’s) to the other room (i.e., Bart’s), if 
participants are able to construct implied state contradiction 

from the L+H* L!H% contour. If an L+H* accent alone is 
sufficient to induce the implicature, participants should 
change their looks from Lisa’s room to Bart’s room also in 
C2 and C3, upon listening to the accented verb had. In this 
case, click times should be faster in C2 than in C3, since in 
C2 but not C3 the target objects are presented in Bart’s room 
and participants should look at Bart’s room as soon as they 
have processed the contrastive accent.  
 However, if the L+H* by itself is not sufficient to 
systematically induce a shift of looks to the other room (i.e., 
the L!H% is necessary for the target implicature), then click 
times should be shorter in C1 than in C2. The shift of looks 
in C1 is motivated by a linguistic signal, whereas the shift of 
looks in C2 is due to a search failure in the absence of any 
supporting linguistic signal.  

2.3.2. Hypotheses for the negative set 

As in the affirmative set, the sentential subject name in the 
negative set (Bart in this case) will initially direct 
participants’ looks to the corresponding subject’s room. 
Upon listening to the negation word didn’t, participants must 
now process the negation. We considered two possibilities 
for how a negative sentence is processed and directs 
attention to a visual display. 
 First, negative sentence processing might be 
fundamentally similar to affirmative sentence processing. In 
that case, participants’ behavior with respect to the negative 
conditions will resemble those in the affirmative conditions, 
except that participants will begin by looking in the 
contrasting room (with respect to the sentence literal 
interpretation: i.e., Bart’s room). Upon listening to the 
negation word didn’t, participants will shift their looks to 
Lisa’s room, and the rest of the information will be 
processed as in the affirmative set.  
 Alternatively, if the comprehension of negative 
sentences involves activating both the stated (negated) 
meaning and the contradictory (ultimate) meaning (e.g., [6]), 
then processing negative sentences is fundamentally 
different from that of affirmative sentences. Since 
affirmative sentences mainly evoke the stated meaning, we 
would expect visual attention to be directed to just the 
sentential subject’s room. But if negative sentences evoke 
the stated meaning and the contradictory meaning, we would 
see a shift in visual attention that includes the alternative 
room as well as the current room: an expansion of the search 
fields from Bart’s room alone to the whole space. The 
expansion of visual search fields upon the word didn’t would 
then greatly reduce differences in mouse click RTs across 
the four conditions, because participants would be rigorously 
scanning items in both rooms as the rest of the linguistic 
information unfolds, regardless of the prosodic pattern.  

2.3.3. Hypotheses for the comparison of the two sets 

Comparing the affirmative and negative sets together, we 
predicted three types of mouse click RTs overall: short, 
medium, and long RTs. The short mouse click RTs will 
result from C3 and C4 since these conditions guarantee 
successful object searches within one room (i.e., no need to 
switch rooms). The long mouse click RTs will come from 
C1 and C2; participants will initially search objects in one 
room, but because of either a prosodic cue (C1) or search 
failure (C2), participants will shift their searches to the other 
room. Since participants will not be motivated for a shift 
from Lisa's room until the cue arrives (C1) or the search of 
the first room fails (C2), their mouse click RTs on the targets 
in Bart's room will be much slower. The mouse click RTs 
from negation conditions will fall in between, on either view 
of how negation is processed. Participants will start their 

searches in one room, but they will quickly either switch 
rooms, or expand their search fields to the whole space. 
Because of this shift, mouse click RTs in the negative set 
will be slower than those in C3 and C4. However, either the 
early looks to Bart’s room or the early search-field 
expansion will reduce the overall search times for C5 and C6 
compared to those in C1 and C2.  

3. RESULTS 

Data from four participants were excluded from the analysis: 
two for experimenter error, one for difficulty performing the 
task correctly, and one for mean click RTs that exceeded 2.5 
SD from the overall participants’ mean. This paper thus 
presents data from 60 valid participants. Mouse click data 
showed overall mean accuracies of 99.96% from the 
participant analysis and 96.9% from the item analysis. There 
were no significant differences in click accuracy across 
conditions.  
 Mouse click RTs were analyzed from accurate trials 
only. Click RTs were trimmed with a fixed-cut off at 6000 
milliseconds. This removed 1.81% of total data. Then, long 
RTs exceeding 2.5 SD from each participant’s mean were 
replaced with the value of that participant’s mean plus 2.5 
SD [9]. Table 3 below presents mean mouse click RTs for 
each condition from the participant analysis.  
 
Table 3. Mean mouse click RTs from participants 
(in milliseconds, measured from the offset of the sentence) 

Condition Affirmative set Negative set 

Contrastive true C1 1973 C5 1675 

Emphatic false C2 2220 C6 1571 

Emphatic true C3 1181 C7 1533 

Neutral true C4 1072 C8 1458 

 
 Results from the affirmative set indicate strong support 
for the hypothesis that the state contradiction interpretation 
depends on the presence of the sentence-final rise. One-way 
ANOVA tests for the affirmative set indicated significant 
differences among these four conditions: F1(3,236)=76.03, 
p<.000; F2(3,60)=18.29, p<.000. Paired t-tests confirmed 
that correct mouse clicks in both the contrastive true (C1) 
and emphatic false (C2) conditions took significantly longer 
than mouse clicks in the emphatic true (C3) and neutral true 
(C4) conditions, all at t1: p<.000, t2: p<.000. Note that this 
includes the critical comparison of C2 and C3; RTs were 
significantly shorter in C3 than in C2, not the reverse (t1 & t2: 
p<.000). In addition, mouse click RTs in C1 were 
significantly faster than in the emphatic false condition (C2), 
highlighting the facilitatory role of linguistic cues in visual 
search (t1: p<.000, t2: p=0.12 1 ). Also, click RTs in the 
emphatic true condition (C3) versus the neutral condition 
(C4) approached significance by participants, although not 
by items (t1: p=.06, t2: p=0.152).   
 As for the negative set, one-way ANOVA tests 
indicated no meaningful differences across the four 
conditions: F1(3,236)=1.44, p=0.23; F2(3,60)=0.46, p=0.71. 
RTs in the contrastive true (C5) and emphatic false (C6) 
conditions were numerically longer than RTs in the emphatic 
true (C7) and neutral true (C8) conditions, but these 
differences were not statistically valid.  

                                                                 
 
1  Two items produced much lower accuracy in one of their 
conditions (bell: 67% in C2, lime: 73% in C1), due to cohort 
competition. After removing these two items, the item analysis was 
marginally significant: p=.06. 
2 After excluding two lowest accuracy items, the p value is .09. 
 

2.2. Participants and Procedures 

Sixty four native English speakers participated in this study 
and received either course credit or $10. Participants were 
seated in front of a desktop computer and wore a lightweight 
head-mounted eye-tracker (ASL E5000).  
 The experiment was run by E-prime, Version 1.2 
(Psychology Software Tools, Inc.). Participants were first 
presented with a cover story that provided a clear behavioral 
goal: to find and click on the objects mentioned in sentences. 
The story stated that some creature moves belongings of Lisa 
and Bart around and this upsets the kids. The mom in the 
story, Marge Simpson, constantly recites ‘who had what’ 
from her memory to aid the return of objects to the correct 
owner’s room. This story line ensured a felicitous use of the 
past tense verb ‘had’ both for ongoing possession of an 
object and for a switch of possession. Participants in a pilot 
study confirmed the naturalness of this set-up. 
 Each trial consisted of two visual searches directed by 
two separate sentences. Target sentences, however, appeared 
only as the first sentence in a trial. All of the second 
sentences were filler items. In each trial, the onset of the 
display was synchronized with the onset of the first sound 
file. Participants listened to a sentence (e.g., Lisa had the 
bell) and then clicked on the object mentioned in the 
sentence (e.g., the bell) as quickly as possible. Mouse click 
reaction times (RTs) were measured from the offset of each 
sound file. Upon the mouse click (i.e., the completion of the 
first search), another sentence was played while the visual 
display remained the same. Overall, each participant 
completed a total of 80 randomly-presented pairs of visual 
searches, comprised of 32 target and 128 filler sentences.  

2.3. Experimental Conditions and Predictions 

The reason for using the past tense was to induce one of the 
dominant implications—but not anymore—from the L+H* 
L!H% tune (i.e., state contradiction: [3]). The experimental 
set-up biased participants to perceive ‘Lisa had the bell 
…but now Bart has it.’ That is, given the specific layout of 
the experiment where the possessor of an object can only be 
either Lisa or Bart (i.e., a limitation on the number of 
alternative possessors), we predicted that participants who 
perceived implied state contradiction would quickly switch 
their looks from the room of the mentioned possessor (i.e., 
Lisa) to the room of the implied possessor (i.e., Bart). 
 The experiment contained 2 sets of 4 comparable 
conditions: the first set with four affirmative sentences and a 
second set with four negative sentences. The affirmative and 
negative conditions used different items for both the 
sentential subject and the objects. The affirmative set always 
used the sentential subject Lisa, while the negative set 
always employed Bart. Filler sentences disguised this 
manipulation. 
 ToBI and acoustic analyses confirmed that the 
sentences had similar overall durations (mean: 1.09 seconds 
for affirmative sentences, 1.15 seconds for negative 
sentences) and were produced with the intended intonation 
(see Table 2 for key measurements). 
 Each condition in the affirmative set (C1!C4 in Table 1) 
had an equivalent condition in the negative set (C5!C8), 
using three types of tunes: contrastive, emphatic, and neutral 
tunes. In all conditions except C2 and C6, the object location 
was faithful to the sentence meaning, under the assumption 
that the prosodically implied state contradiction meaning 
would be dominant in the contrastive conditions (C1 and C5); 
see [3]. In C2 and C6, the object location was not supported 
by the sentence meaning, if we assume that the L+H* L!L% 
tune emphatically affirms the literal meaning stated in the 
sentence. These two false conditions served as critical 

comparisons for the contrastive tune conditions (C1 and C5), 
as well as the emphatic true conditions (C3 and C7), 
respectively. Fillers limited the proportion of false trials to 
just 7% and normalized the range of tunes.  
 
Table 1. Sentence types, tunes, and truth of the display 

 Sentences and Tunes 
Object location  Truth  

 
L’s B’s 

C1 
       L+H*       L-H%  
Lisa HAD the bell.  
(contrastive) 

 bell True 

C2 
       L+H*       L-L%  
Lisa HAD the bell. 
(emphatic) 

 bell False 

C3 
       L+H*       L-L%     
Lisa HAD the bell. 
(emphatic) 

bell  True 

C4 
  H*                  H*L-L%   
LISA had the BELL.   
(neutral) 

bell  True 

C5 
         L+H*                  L-H%    
Bart DIDN’T have the bee.  
(contrastive) 

 bee True 

C6 
         L+H*                  L-L%    
Bart DIDN’T have the bee.  
(emphatic) 

 bee False 

C7 
         L+H*                   L-L%    
Bart DIDN’T have the bee. 
(emphatic) 

bee  True 

C8 
   H*      H*                     H*L-L%     
BART DIDN’T have the BEE. 
(neutral)    

bee  True 

 
Table 2. Duration (in ms) and F0 Max (in Hz) for test items 

Aff. 
Set 

Lisa had  the Object 

ms Hz ms Hz  ms ms Hz 

Cont. 264 190 332 245  48 487 217 

Emph. 269 191 333 254  51 439 171 

Neut. 274 194 247 187  45 495 227 

Neg. 
set 

Bart didn't have the Object 

ms Hz ms Hz ms ms ms Hz 

Cont. 264 192 235 275 195 44 414 209 

Emph. 262 200 210 265 211 44 392 160 

Neut. 254 193 194 200 231 39 454 226 

2.3.1.  Hypotheses for the affirmative set 

Assuming highly incremental sentence processing and a tight 
relationship between attention and visual behavior (e.g., [10, 
11]), we predicted that the subject name Lisa in the auditory 
stimuli would direct participants’ looks to Lisa’s room in the 
display. Therefore, we expected that looks to and mouse 
clicks on the target objects would be faster in conditions C3 
and C4 than in any other condition, since the rest of the 
linguistic information following the subject name supports 
the referent of the sentential subject as the possessor of the 
mentioned object. We also predicted that we might see 
shorter mouse click RTs in C4 than in C3. The direct object 
carries a presentational pitch accent (H*) in C4, but not in 
C3, and accentuation is known to facilitate information 
processing (e.g., [5]).  
 Further, we predicted that the rising edge tone L!H% in 
C1 would motivate a shift of looks from the mentioned 
subject’s room (i.e., Lisa’s) to the other room (i.e., Bart’s), if 
participants are able to construct implied state contradiction 



InterpretaHon?	  

•  “But	  if	  negaHve	  sentences	  evoke	  the	  stated	  
meaning	  and	  the	  contradictory	  meaning,	  we	  
would	  see	  a	  shin	  in	  visual	  a^enHon	  that	  includes	  
the	  alternaHve	  room	  as	  well	  as	  the	  current	  room:	  
an	  expansion	  of	  the	  search	  fields	  from	  Bart’s	  
room	  alone	  to	  the	  whole	  space.	  The	  expansion	  of	  
visual	  search	  fields	  upon	  the	  word	  didn’	  t	  would	  
then	  greatly	  reduce	  differences	  in	  mouse	  click	  
RTs	  across	  the	  four	  condiHons,	  because	  
parHcipants	  would	  be	  rigorously	  scanning	  items	  
in	  both	  rooms	  as	  the	  rest	  of	  the	  linguisHc	  
informaHon	  unfolds,	  regardless	  of	  the	  prosodic	  
pa^ern.”	  


