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ABSTRACT

Three groups of monolingua li steners, with Standard Chinese,
Dutch and Hungarian as their native language, judged pairs of
trisyllabic stimuli which dffered only in their pitch pettern. The
segmental  structure of the stimuli was made up by the
experimenters and presented to subjects as being taken from a
littl e-known language spoken on a South Pacific island. Pitch
patterns consisted of a single rise-fall located on or nea the
second syllable. By and large, listeners slected the stimulus
with the higher pe&k, the later peak, and the higher endrise &
the one that signall ed a question, regardless of language group.
The result is argued to reflect innate, non-li nguistic knowledge
of the meaning o pitch variation, notably Ohala’s Frequency
Code. A significant difference between groups is explained as
due to the influence of the mother tongue.

1. INTRODUCTION

Intonational melody is widely used for signalling
discoursal meanings. Ladd identified two points of view:
the Strong Universalist Hypothesis, acoording to which
pitch rises ggnal questions and pitch falls dgna
statements, and the Nuclear Tone Hypothesis, according
to which the distribution of contour types over functions
is language-spedfic, determined by the grammar, and
arbitrary [1]. The form-function correlation of the Strong
Universalist Hypothesis is documented in [2,3], and
supported in [4], which explained the @nnedion between
guestions and pitch rises by the relatively high muscular
tension in the larynx responsible for the aeation of high
pitch. In comparison with low pitch asfound at the end of
fals, high pitch was believed to be asociated with higher
degrees of excitement and suspense. An aternative
explanation, based on the use of pitch variation in the
animal kingdom, was offered in [5,6,7]. Other relevant
treatments are [8,9,10].

Liberman first used theterm ‘intonational lexicon’ for the
notion of a set of pitch accents or nuclear tunes which
have linguistic meaning, referred to as ‘ideophonic’
meaning [11]. In spite of the suggestion of iconicity
carried by thisterm, the idea is that the lexicon is a set of
grammatical forms, with language-spedfic meanings.
Liberman’s position is thus an exemplar of the Nuclear

Tone Hypothesis. Support for it isfound in languages that
use rises for statements, like Belfast English [12] and
Chickasaw [13], or falls for questions, like Roermond
Dutch [14] and, again, Chickasaw, which patterns
contradict the form-function relation on which the Strong
Universalist Hypothesisis built. Ladd therefore mncludes
that of the two hypotheses, the Nuclear Tone Hypothesis
is the more eplanatory: while it can explain all form-
function relations on the grounds that any such relation
can be defined in the grammar, the Strong Universali st
Hypothesis can only explain those that conform to the
pattern of rising questions and falli ng statements.

A drawback of this conclusion isthat it isno longer clear
why the pattern of rising questions and falli ng statements
is 9 widespread. One of the central tenetsin linguisticsis
that form-function relations are arbitrary, and so a
situation whereby the same form-meaning relations
appear in a majority of largely unrelated languages is a
cause for concern.

Recently, the first author proposed that the universal and
the language-spedfic communicative dfeds derive from
two different language components [15]. One cmponent
is the intonational | exicon, the set of morphemes invested
with intonational meaning. For Chickasaw, for example,
these include H* L% for ‘interrogative’ and H* H% for
‘statement’, and for Dutch these include H*L H% for
‘interrogative’ and H*L L% for ‘ statement’. The meaning
and the phonological form of these morphemes will have
to be learned by the language learner, and the relation
between them is in principle arbitrary. (We hereleave out
of consideration the apparent fact that intonational
meaning is restricted to discoursal meaning.)

The other component is the phonetic implementation
module, whose nature differs considerably from that of
the phonological component. Implementation concerns
the phonetic interpretation of the discretely configured
phonological surface representation. In itsdf, phonetic
implementation is not universa: part of learning a
language is learning how to pronounce your phonology
[e0.16]. Moreover, it has been claimed that phonetic
implementation is under the mntrol of the speaker, who
exercises this control not only to his cial advantage in



the case of prestige-related variation, but also to enhance
the phonological contrasts of his language [17]. However,
this phonetic implementation module is also the place
where speakers avail themselves of the opportunity to
signal universal (non-grammatical) meanings of pitch
variation.

How do speakers know what the universal (non-
grammatical) meanings are and how they are to be
signalled? These meanings are shared by our larger
biological phylum, derive from biologically determined
codes, and are thus innate, though non-linguistic. The
most important of these is the Frequency Code [5,6,7],
which is based on the fact that smaller larynxes produce
higher notes than larger ones. One of its manifestationsis
that high pitch sounds vulnerable and submissive, while
low pitch sounds protective and dominant. This is why
high, and particularly high-ending utterances seem to
sound dependent, appealing, questioning, etc., while
conversely, low and low-ending utterances seem to sound
authoritative, powerful, and assertive. A second natural
form-function relationship, the Effort Code, is based on
the fact that greater effort creates more elaborate, more
explicit realisations [15]. In the context of pitch variation,
greater effort corresponds with wider excursions, and asa
result, a higher peak will sound more emphatic than a
lower peak. Such meanings exist in language
communication not because they are part of language, but
because they belong to our non-linguistic biological
inheritance. Morphemes with meanings that conform to
these universal codes may have to be seen as
grammaticalisations of the non-linguistic codes, but
languages may change over time in ways that contradict
them. Thus, the meanings of phonological forms may
conflict with the universal meanings, while biases in the
phonetic implementation will always directly express the
universal meanings.

Both the Frequency Code and the Effort Code may give
rise to secondary effects, due to a mechanical connection
between peak height and peak alignment. In [15], it is
speculated that, since rise-falls with higher peaks take a
longer time to complete than rise-falls with lower peaks,
later peaks may be used as substitutes for higher peaks.
Late peaks may therefore signal emphasis (by the Effort
Code), and - more importantly in the context of this paper
- Interrogativity (by the Frequency Code).

Thus, we predict that all humans, regardless of language
background, can capitalise on their innate non-linguistic
knowledge when judging whether an utteranceisintended
as a quegtion. If listeners without knowledge of the
intonation system of the language concerned are
presented with two utterances, each with a rising-falling
contour, and are asked to pick the one that most probably
is a question, they will sdect the one with the higher
peak, or with the later peak, or with higher-ending pitch.

The purpose of this paper isto demonstrate that thisis so.
Of course, people's judgements will naturally be
influenced by experience, and responses may therefore be
biased towards the patterns that are used for question
intonation in the languages they are familiar with.

2. A CROSS-LINGUISTIC PERCEPTION
EXPERIMENT

In order to show that humans, regardless of language
background, can avail themselves of theinnate knowledge
embodied in the Frequency Code, we sdlected three
languages in which Interrogativity is expressed
differently, viz. Dutch, Hungarian and Standard Chinese
(Mandarin). In addition to a syntactic interrogative
congtruction, Dutch has a number of question intonation
contours that end with a final rise (H%). Hungarian has
no interrogative syntactic construction, and expresses
interrogativity by means of aL* pitch accent followed by
a HL%-boundary sequence, which creates a pitch peak on
the final syllable if the accenting L* occurs on the
penultimate syllable, which has low pitch. This pattern
contrasts with H* L%, used for declarative intonation,
which isrealised by a pitch peak on the accented syllable,
followed by low pitch. Thus, if the accent occurs on the
penultimate syllable, the pitch peak is early in statements
and late in questions [18,19]. Higher peaks were earlier
found to be a cue to interrogativity for Hungarian
listeners, in addition to later peaks [19]. Chinese employs
a number of sentence-final question particles, has no
specific question intonation, but may raise pitch for
guestions [20,21].

We also selected three variables which could be related to
the Frequency Code: peak height, peak alignment (the
secondary effect identified above), and final pitch.

21 Stimuli

Fourteen CVCVCV-expressions with a sonorant for the
second C were made up which were to serve as source
utterances for our stimuli. We avoided high vowels to
reduce intrinsic FO effects. Three phonetically trained
female speakers of Dutch were recruited to record the
source utterances on digital audio tape (DAT) in a sound-
treated room. They were given phonetic transcriptions,
and were asked to read the utterances as smoothly as
possible with a non-emphatic stress on the penultimate
syllable. We sdected the best readings by the best
speaker, and digitised these utterances at 32 kHz.
Manipulation was performed with the hep of Praat
[http://fonsg3.let.uvanl/praat/]. First, we normalised the
duration of the stressed (penultimate) vowd in all source
utterances to 120 ms. The peak, which was realised as a
30 ms high plateau preceded by a 120 ms rise and
followed by a 120 ms fall, was subsequently varied from



250Hz to 370Hz in 30 Hz-steps in each source utterance
(H1 to H5). Each of the peak height values was then
combined with five peak alignments by shifting the rise-
plateau-fall contour through the vowel of the accented
syllable in 30ms-steps, starting from a position with the
onset of the high plateau at the CV boundary (A1 to A5).
The final FO was 140 Hz; other values were fixed as in
Figure 1. These 25 combinations of peak alignment and
peak height were distributed over five source utterance
pairsin aLatin square to create 50 stimuli. Each stimulus
had a different source utterance from its counterpart with
the same FO contour, but had the same vowd in the
stressed syllable. This gimulus st will be referred to as
the L%-set.

Figure 1. An artificia pitch contour with indication of the
ranges of pe& height, pek alignment, and end ptch.

A seoond (partly overlapping) set of ten source utterances
was ®leded, such that five pairs with the same final
vowel could be formed. Each pair was provided with one
of five values for the final pitch, from 140 Hz to 220 Hz
in steps of 20 Hz. These ten versions were cmbined with
the three @mbinations of peak alignment and peak height
A1H1, A3H3, A5H5, so that we obtained 30stimuli, a set
referred to as the H% set.

Each of the 80 stimuli was combined with a segmentally
identical anchor stimulus which had a peak with average
peak alignment and peak height (A3H3) and a 140Hz
final pitch, so as to form 80 experimental stimulus pairs.
This was done to enable listeners to choose the question
from two intonational versions of each expresson. In
order to minimise the risk that listeners would deted the
fact that there was an anchor, we added 80 fill er pairs.
The manipulations of filler stimuli differed from those of
experimental stimuli i n therange of peak height, therange
of peak alignment, utterance onset FO value and final
pitch. Experimental stimulus pairs and fill er pairs were
randomised and dvided into 10 blocks of 16 pairs, and
presented to the three groups of listeners in equivalent
circumstances. Each group consisted of 30 linguistically
naive subjeds between 18 and 30 years old, who were
instructed to pay attention to the intonation of the stimuli,
and asked to judge which of the two stimuli in each pair
sounded more like a question.

3. RESULTS

Two analyses of variance were performed on the data in
the L%-set, with the factors Peak Height, Peak Align-
ment and Language, as well asthose in the H%-set, with
the factors End Pitch, Peak Condition, and Language. We
report p-values after corredion for sphericity (Huynh-
Feldt €). In the L%-set, there were significant interactions
between Peak Height and Peak  Alignment
(F16,1392=3.14, p<0.01) and between Peak Height and
Language (F8,348=8.90, p<0.01). The first of theseis of
nointerest in our context: it appearsthat the dfed of each
of these variablesis gronger when combining with lower
values for the other. The second interaction is due to the
leser sensitivity of the Chinese listeners to the height of
the peak. Thisis $rown in Figure 2.
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Figure 2. Percentage “Question” judgements as a function of
pe&k height by threegroups of li steners with ordinal interaction
between li steners’ language and peak height.

Main effeds were found for Peak Height (F4,348=14840,
p<0.01) and Peak Alignment (F4,348=12.51, p<0.01).
The dfea of Peak Alignment was such as to make later
peaks sound more li ke questions; it was weaker than that
for Peak Height: percentages from Al to A5 are 43, 49,
52, 53and 57

In the H%-set, we found a significant interaction between
Language and Peak Condition (F4,174=13,86, p<0.01),
and significant main effedsfor End Pitch (F4,348=30.58,
p<0.01), and for Peak Condition (F2,174=16747,
p<0.01). The interaction between Language and Peak
Condition is probably the same dfed as that found
between Language and Peak Height in the L%-set: the
Hungarian listeners £an more impressd by the peak
condition than the Dutch listeners and in particular the
Chinese listeners, as sown in Figure 3. The dfed of End
Pitch is auch that the higher it is, the more likely judges
are to got for questions, though it was snaller than we
expeded (respedively, 49, 49, 65, 67 and 68 fer cent).
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Figure 3. Percentage “Question” judgements as a function of
pe&k condition by three groups of listeners, with ordinal
interaction between Language and Pe& Conditi on.

4. DISCUSSION

Higher peaks, later peaks, and higher end pitch lead
Dutch, Chinese and Hungarian listeners to believe that
utterances in an unknown language are more likely to be
guestions. Prosodically, these three languages express
interrogativity differently, and sincethey scored stimuli in
alanguage they could not have been familiar with (it was
made up by the experimenters), these results suggest that
these aes are universal. It has been argued that this
universal knowledge is non-linguistic, and was identified
by Ohala [5,6] as the Frequency Code. The fact that
Hungarian speakers appear to be more strongly influenced
by peak height than Chineselisteners showsthat language
background is an active @mponent in listeners
interpretation strategies, in additi on to the universal, non-
linguistic strategy.
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