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Abstract 
Multiple cues interact to signal multiple functions in 
intonation simultaneously, which makes intonation 
notoriously complex to analyze. The Autosegmental-Metrical 
model for intonation analysis has proved to be an excellent 
vehicle for separating the components, but evidence for the 
phonetics/phonology dichotomy on which it hinges has proved 
elusive. Advocating a multidisciplinary approach, this paper 
outlines a new research project which combines traditional 
behavioural experiments with neuro-linguistic data to advance 
our understanding of the linguistic representation and neural  
correlates of intonation. 

Index Terms: intonation, categories, gradience, neurobiology, 
phonology 

1. Introduction 
Intonation, or the melody of speech, plays a central role in 
human communication. It is one of many strands in the speech 
signal that needs to be decoded to translate speech sound into 
meaning, but its role in speech understanding is crucial, since 
it can give us immediate cues to the start of a new word or 
phrase in the speech stream, and to the meaning of utterances. 
As a consequence, when the intonation is wrong, 
communication often breaks down.  
 In spite of its importance, intonation is still very poorly 
understood. It is notoriously difficult to analyse because it is 
carried by a continuous sound signal, it has multiple functions, 
and it interacts with other elements in the speech signal that 
convey meaning. We generally believe that at some stage in 
the comprehension process, some of this continuous 
information is interpreted categorically and decoded into 
distinct meaningful units, such as a rising pattern that marks a 
question. However, sometimes it makes a more gradient 
contribution to meaning, when gradual increases or decreases 
in a particular feature like pitch convey, for instance, a more 
angry or less timid tone of voice. These variations in form and 
their contribution to meaning are closely intertwined, and 
difficult to disentangle. To make matters worse, they are 
ignored in virtually all cognitive, neuropsychological and 
neurobiological studies of intonation. As a result, it is unclear 
exactly how intonation is realised in speech, what units are 
involved, how it contributes to speech comprehension, and 
how it is processed in the brain.  This paper introduces a new, 
interdisciplinary project which attempts to answer two 
questions: 

1) Can we provide independent behavioural and 
neurobiological evidence to back up linguistic hypotheses 
about phonetics and phonology in intonation? 

2) In doing so, can we provide a more refined, linguistically 
informed model of the neurobiological underpinnings of 
intonation? 

2. The Problem 
The Autosegmental-Metrical (AM) framework for intonational 
analysis [1] offers discrete, economical and insightful 
formalisations of intonation systems, which promise to 
provide a key to understanding cross-linguistic and stylistic 
variation in intonation patterns, and their role in language 
processing and the neural architecture that supports it. 
 However, although AM is now firmly established as the 
predominant theoretical framework in the field, little evidence 
supports its central tenet that intonation independently carries 
linguistic meaning by means of abstract phonological 
(categorical, discrete) elements which are physically 
instantiated during phonetic implementation (e.g. [2, 3]). For 
instance, the H*L and the L*H pitch accent (i.e. a fall and a 
rise) are categorically different forms in Southern British 
English which are used to signal categorically different 
meanings (e.g. declarative statement vs. question), but their 
actual phonetic realisation depends on speaker characteristics 
and context. For instance, the pitch excursion of a fall or a rise 
will depend on the sex of the speaker, as  most women 
produce wider pitch excursions than men, but it will also 
depend on the speaker’s environment, as excursions also tend 
to be wider in speech produced in noise [4]. The excursion can 
also be smaller than usual when there is little scope for voicing 
in the segmental material (e.g. [5]). This type of phonetic 
variation is systematic and gradient, and does not affect 
linguistic meaning. Therefore, it should not be accounted for 
in the phonology. 
 Empirical support for this AM distinction between 
phonology and phonetics has proved elusive (e.g. [6, 7]; cf. 
[3]). The problem is that categories and gradient variation in 
intonational form are closely intertwined, since both can in 
fact be used to convey meaning (e.g. [8]; see Table 1). For 
instance, the size of a pitch excursion can also signal 
attitudinal or emotional meaning (‘paralinguistic meaning’, 
e.g. wider excursions for increasing surprise). Here, both form 
and meaning vary gradiently, and since this variation does not 
affect the core linguistic message, it should be placed in the 
phonetics [3]. Conversely, gradient variation in form can 
signal categorically distinct linguistic meanings, as when a 
bigger pitch excursion for a rise signals a question instead of a 
continuation. Very few empirical studies have attempted to 

Copyright © 2009 ISCA 6-10 September, Brighton UK2307

10
.2

14
37

/I
nt

er
sp

ee
ch

.2
00

9-
65

3



disentangle these interactions in form and meaning (but see 
e.g. [7, 9]), not least because little is known about the fine 
phonetic detail of the cues involved [10]. To date, cognitive, 
neuropsychological and neurobiological studies of prosody – 
in which the complex interplay between categorical and 
gradient variation in form and meaning is a common source of 
confounds – have not addressed the issue at all. Inevitably, 
this has led to widely diverging conclusions about the neural 
underpinnings of prosody (summarised in e.g. [11]).  
 In the absence of a comprehensive theory of intonational 
meaning [2]), the fact that both gradient and categorical 
variation in pitch can be meaningful undermines a rigorous 
definition of phonological category membership in intonation. 
In segmental phonology, category membership can usually be 
determined by means of a ‘minimal pair test’ in which two 
segments convey a different lexical meaning in an otherwise 
identical context (e.g. /p/ and /b/ in pin – bin). In intonation, 
no such test is available, since intonation contours convey 
meanings which do not present themselves as discretely and 
straightforwardly as in the case of lexical identity. This 
situation is compounded by the complex interactions that 
obtain between form and meaning sketched above. Table 1 
summarises the problem. 

Table 1. Categorical and gradient variation in form 
and meaning in intonation

 Factors  
 categorical 

change in 
form 

categorical 
change in 
meaning 

change is 
meaningful 

stylised F0 
contour 

� � �

1 Phonology 

� �

2 

  

�

3 Phonetics 

   4 

1. Linguistic: question rise vs declarative fall 
2. Linguistic: question vs continuation rise 
3. Paralinguistic: question rise expressing surprise 
4. Extralinguistic: question rise against background 

noise 

 We have to conclude that variation in intonation is more 
scalar than segmental variation, that meaning is not expressed 
in a straightforward one-to-one fashion, and that detail may 
matter [12]. This has led a number of researchers to question 
the adequacy of the essentially dichotomous view espoused by 
AM theorists, but no alternative proposals have been put 
forward for a more scalar view of intonational representations 
which nevertheless allows for abstraction (cf. [13, 14] for 
segmentals). 

 The question arises whether we can disentangle the 
interactions between categorical and gradient variation in 

intonation by combining production and perception 
experiments with direct physiological evidence from 
neuroimaging, where the different levels of linguistic 
representation mirror differential activations in networks of 
cortical regions which subserve different cognitive functions. 

3. Neuro-biological evidence for processing 
hierarchies in speech perception 

For centuries, neuropsychological studies have provided 
evidence that different cognitive functions can be localised in 
specific areas of the brain. In speech processing, mechanisms 
for perception have traditionally been sited posteriorly, in 
Wernicke’s area, and those for production anteriorly, in 
Broca’s area. With the advent of new technologies such as 
fMRI, recent studies have begun to build a more refined 
picture of speech processing in the brain, pointing to multiple 
processing streams involving anatomically separable areas 
connected through multiple pathways, which support several 
distinct levels of processing serially and in parallel (e.g. [15]). 
A cortical system involving hierarchical connections between 
auditory core, belt and parabelt areas, which project to 
distributed, interconnected fields in superior temporal gyrus 
(STG) and sulcus, the inferior parietal lobule and in prefrontal 
cortex, supports at least three, and possibly four discrete levels 
of auditory processing [16]. Two distinct, functionally 
specialised parallel processing streams can be distinguished 
within this network: a dorsal and a ventral stream [17, 18]. 
Recent fMRI evidence suggests that interactions with the 
dorsal-stream network ensure that speech is perceived 
categorically: successive stages of processing achieve greater 
abstraction from the acoustic input while maintaining multiple 
possible interpretations of the incoming signal, with higher-
order frontal regions modulating activity in lower-order 
temporal regions [15].  

A number of linguistically informed studies have 
confirmed that processing of contrastive segmental 
information is hierarchically organised and tends to involve 
structures in STG and left inferior frontal gyrus (LIFG; [19, 
20, 21, 22]). Obleser et al. [21], for instance, succeeded in 
dissociating activation for the phonological features of 
different places of articulation which encode contrastive 
segmental information, and Eulitz and Lahiri [22] conducted a 
study in which they distinguished between the processing of 
underlying phonological representations and surface phonetic 
forms. Recently, we have also succeeded in dissociating 
phonological and morpho-phonological processing in a fronto-
temporal network linking anterior cingulate, LIFG and 
bilateral STG [23]. 

4. The neurolinguistic and neuroanatomical 
basis of prosodic processing 

Prosody plays a role in word recognition, in the syntactic 
parsing of utterances, and in the analysis of discourse structure 
in speech comprehension, but relatively few studies have 
investigated the neurolinguistic and neuroanatomical basis of 
prosodic processing, and studies specifically on intonation are 
even rarer. 

Originating in neuropsychological studies, hypotheses 
about prosodic processing in the brain centre around either a 
stimulus-dependent or a domain-dependent interpretation. 
Stimulus-dependent interpretations hold that specific aspects 
of the acoustic signal such as duration, pitch and intensity are 
neurobiologically specialized (e.g. [24, 11, 25]). In a domain- 
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(or task-) dependent interpretation, speech has a unique neural 
substrate, and different functional properties of speech are 
subserved by different mechanisms, such as linguistic prosody 
by left hemisphere mechanisms and affective or emotional 
prosody by right [26].  

Gandour and colleagues have explored the neural 
correlates of linguistic and paralinguistic prosody in a series of 
fMRI experiments in which they contrasted lexical tone in 
Chinese with a range of other prosodic phenomena [25, 27, 
28, 29]. In the first study, they compared intonation and 
emotion, and found that when linguistic interpretation of the 
stimuli was required, the frontoparietal region in the left 
hemisphere was preferentially activated, whereas emotional 
prosody preferentially activated the same region on the right 
(also [30]). The second study showed that lexical tone, which 
has a short frame length (i.e. extending over a syllable), 
preferentially activates frontoparietal regions in the left 
hemisphere, while intonation, with its longer frame length 
(extending over the phrase), activates frontoparietal regions 
bilaterally, even when the actual duration of the stimuli is the 
same. In the third study, activation was shown to be modulated 
as a function of the subsyllabic unit involved (tones, rhymes or 
consonants). Within left inferior prefrontal cortex, 
posterior/dorsal regions are implicated in the extraction of 
phonologically relevant information (both segmental and 
suprasegmental), and these subregions are functionally distinct 
from anterior/ventral regions in left inferior prefrontal cortex 
which are activated by attention to semantic properties. The 
fourth study confirmed that when acoustic or auditory features 
are related to conceptual (linguistic) representations, the 
perception of prosody becomes lateralised to task-dependent 
regions in the left hemisphere.  

These studies confirm the functional hemispheric 
asymmetries for prosody observed in earlier work, but a more 
refined picture emerges of a distributed cortical network 
underlying prosodic processing which is differentially 
activated depending on function and frame length. 
Unfortunately, it is difficult to relate these results directly to 
the research questions asked here, since – apart from leaving 
the stimulus properties of ‘emotion’ and ‘intonation’ 
unspecified – they do not distinguish between gradient and 
categorical variation in form and meaning.  

Our present research is more comprehensive in that it takes 
the interplay between gradience and categories in form and 
meaning into account. It aims to show that hierarchically 
organised processing is a universal characteristic of language 
processing, encompassing both segmental and suprasegmental 
properties, in which dissociations in lower-level auditory and 
higher-level linguistic subprocesses reflect distinctions made 
in current phonological theory. 

5. Hypotheses 
We hypothesise that (1) intonation is best analysed in terms of 
distinct phonological and phonetic levels of representation, 
which are defined by their contribution to meaning 
(‘linguistic’ and ‘paralinguistic’), and can be realised through 
gradient as well as categorical variation in form; (2) the 
neurobiological processing of intonation is hierarchically 
organized, reflecting these functional and formal distinctions. 

6. Experimental approach 
We adopt a two-pronged approach, combining production and 
perception paradigms from intonational phonology research 
with functional Magnetic Resonance Imaging (fMRI) 

techniques used in neurobiological studies of language 
processing. 
 A series of behavioural experiments will explore pitch 
variation in utterance-final rises and falls in Southern British 
English to obtain  
1) independent behavioural/linguistic evidence to support 

Hypothesis 1, and  
2) a better understanding of the phonetic detail of the cues 

involved (duration, loudness, spectral tilt, and their 
interaction with pitch), which will also inform stimulus 
development in the fMRI studies. 

A combination of different tasks will be used because no 
single task can test categorical and gradient variation in form 
as well as meaning. Also, although all the tasks we are 
planning to use are tried and tested methods in intonational 
phonology, they have never been simultaneously applied to 
the same sets of stimuli before. Doing so will allow for 
additional control, and the effectiveness of the tasks can be 
evaluated, since the outcomes can be compared. 

We are currently collecting production data elicited by 
means of two reading tasks, taking the form of (1) a dialogue 
set at a travel agency, where maximally sonorous place names 
are rendered in various styles, as signaled by punctuation and 
lexical context; and (2) a dialogue in a domestic scene called 
‘John comes home’. Three intonational forms - rise, fall and 
fall-rise - are elicited in contexts that are controlled for stress 
and segmental make-up, which induce readings in different 
linguistic and paralinguistic functions (question, statement, 
and continuation in neutral or surprised contexts). Acoustic 
measurements of duration, amplitude, spectral tilt and 
fundamental frequency in the accented syllable and the tail of 
the contour will be taken to investigate cue dependencies in 
the different functional contexts. 

Perception data will be elicited by means of a pitch range 
task, an imitation task, a discrimination task, an identification 
task, a semantic judgment task, and a perceptual equivalence 
judgement task (see [31] for an overview). In all experiments, 
the stimulus materials are acoustic continua in which the 
relevant parameters (usually peak height) have been 
systematically varied through resynthesis (in Praat, [32]) of 
appropriate source utterances and embedded in appropriate 
contexts (cf. [33]).  

Two fMRI experiments will test Hypothesis 2 by 
evaluating brain activations elicited in a comprehension task in 
which categorical and gradient variation in intonational form 
and function are systematically varied (activation levels are 
measured as differences in the blood oxygenation level-
dependent signal). Using the methodology developed in [34], 
the experiments will distinguish between more abstract 
linguistic processing and less specialised acoustic processing 
by comparing activations for stimuli that have been placed in a 
background with different noise levels. Identifying areas that 
show a correlation between activation level and judgment type 
(probing linguistic vs. paralinguistic meaning) will allow us to 
identify the subsystems involved in the processing of 
phonological and phonetic meaningful variation. 

7. Conclusion 
A better understanding of human communication and the 
neural and cognitive systems that support it crucially hinges 
on advancing our insight into the integration of a variety of 
communicational cues to linguistic structure and paralinguistic 
channels of communication. In intonation, the formal and 
functional aspects of the cues are closely intertwined, and 
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disentangling categorical and gradient variation in intonational 
form and function poses a particularly complex challenge. 

We propose an approach which combines a number of 
well-established experimental tasks with the latest scanning 
techniques to examine the acoustics and perception of 
categorical and gradient differences in intonation patterns, and 
to identify the brain systems that are involved in processing 
lower-level sound-based information, and higher-level, more 
abstract aspects of intonation. This allows us to test a theory 
on which virtually all current research in intonation hinges, 
but it will also provide the first neurobiological evidence of a 
refined, linguistically informed model of the neural 
underpinnings of intonation, while offering a template for 
future studies in this area.  
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