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Abstract

Spoken telephore numbers are prosodicdly structured. Thisis
refleded on various levels, such as grouping, wording and
acceiting. Redisation dstrategies employed by German
spedkers are used to model the prosody of telephore number
production. In a listening preference test using synthetic
speed two strategies used by commercia inquiry systems
proved to be less accetable than the versions based on the
proposed models. These models are proposed for use in
speedr-synthesis-based telephore number inquiry services.

1. Introduction

The fad that the prosody of telephore numbers has been of
very little interest in linguistic reseach leads to the
asuumption that this topic is widely regarded as a trivial
matter. However, a doser investigation shows that the
prosodic structure of telephore numbersis far from clea-cut,
at least as far as telephore numbers in German are mncerned.
A brief inqury in the "Speed Prosody Speda Interest
Group' [1] and an informal search among coll eagues reveded
that the same telephore numbers are structured qute
differently aadoss the world. It aso appeas that there ae
cleaer conventions in ather courtries compared to Germany.
Degspite this, there is an dfficia standard [2] for structuring
written telephore numbersin Germany.

1.1. Aimsof the Study

The ceatral aim of the study is to explore the prosodic
structure of German telephore numbers to an extent that
enables usto propcse an ppropiate model of deription and
generation. Such a model could e.g. serve to improve airrent
telephore information systems based on synthetic speeb.

In order to read this goal we take threesteps. Step oreis
a production experiment. Here we investigate which grouping
or churking strategies subjeds apply to telephore numbers of
different sizes and arrangements, which type of wording is
used uncer varying condtions, and hov numbers are
metricdly and intonationally structured. The insights derived
from the data lead to a preliminary model (step two), whaose
accetability is evaluated in a perception experiment (step
three. In this experiment, our prosodicdly complex model of
telephore numbers was tested against two forms of
presentation implemented in telephore information services.

1.2. Grouping

The groupng of telephore numbers is peadliar in several
respeds, regardlessof language. First, telephore numbers are
usualy not treatedas asingle large unit, unlike other numbers
used e.g. in a aurrency context or in an arithmetica problem
("1356829 rendered as "one milli on, threehunded and fifty-
six thowsand, eight hunded and twenty-nine"). Rather,

telephore numbers are grouped into smaller units, which can
aso be regarded as semantic or pragmatic sense units.
Preferred sizes of such unts are groups of two or threedigits;
sometimes remaining single digits form a group d their own.
Thus, the 7-digit number "1356829 is usually grouped either

as "135-68-29" (3-2-2), as "13-56-829" (2-2-3), as "13-56-82-

9" (2-2-2-1) or as "1-35-68-29" (1-2-2-2).

Sewnd, the grouping can be predetermined by various
"meanings’ and structures of particular digit combinations.
They may e.g. function as diali ng codes (courtry codes, area
codes, telephore company codes), which in Germany start
with a"0", have alimited length, a cetain pasition, and dten
a geographicd meaning. They are probably stored in the
mental lexicon as a single unit. Furthermore, dialling codes
are generally separated from the subscriber number by spaces
or dashes. Due to these properties a speda status can be
attributed to them suggesting a spedal grouping strategy.

Third, there ae wmbinations of digits within the
subscriber numbers which might influence the dcoice of
grouping and the size of units. Some of these ae @mnseaitive
identicd digits ("777"), consealtive ascending or descending
digits ("789"), and complete tens or hundeds ("70" or "800").
It islikely that these spedal feaures form a unit of their own
or, at least, are part of the same unit, which might leal to a
conflict with an atherwise preferred grouping strategy.
Finally, there ae mmonly known andor advertised
numbers ("11-8-33"), and a wide range of idiosyncrasies
which are unpredictable and might cause deviations from an
expeded groupng.

1.3. Wording

The @ove example for the number "1356829 spoken in full,
demonstrates that grouping is a prerequisite for wording: A
milli on consists of 7 digits, but it can only be pronourced as a
million if the number is treaed as a single unit. Since
telephore numbers are preferably grouped in churks of two
and three digits, usualy just the wording of numbers as tens
and hundeds occur, apart from the mmonly used
aternative to render the numbers digit by digit. Thus, two-
digit units ("53") will either be rendered as ones ("funf drei")
or as tens ("dreiundiinfzig"), threedigit units ("539") will

either be rendered as ones ("funf drei neun") or as hundeds
("funfhuncertneununddeissg"). Note that a wording strategy
never applies aaossgroupboundiries: A 3-digit number, e.g.,
grouped as "7-22" will never be rendered as a threefigure
number (“siebenhundbrtzweiundzwanzig") but either as
"sieben zwelundzwanzig" or as "seben zwei zwei".

1.4. Prosodic Structure

Although there is no dfference between dgits with resped to
their semantic weight or importance there adualy is a
difference with resped to their prosodic weight. In agroup d
two items the last one is generaly more prominent. In



Metricd Phondogy [3] thisrelationis expressed as a wesker-
stronger pattern. The accet structure is superimposed onthe
metricd structure, which means that the stronger item (s)
receves a pitch accent whereas the weder item (w) does nat.
Pitch accents are charaarised by acombination of locd pitch
movement, greder duration and greder intensity. The type of
the pitch accent, whether e.g. faling or rising, can vary eg.
with the position o the group in the utterance  Groups are
delimited intonationally by boundiry tones, so that a group
corresponds to an Intonation Phrase (IP). The overall
intonation contour of an uterance depends on bah accet
type ad type of boundry tone. Tempora markers of
prosodic phrasing are silent pauses and the lengthening of
final syllables.

2. Production Experiment

2.1. Methods

10 students from the General Linguistics Department served
as abjeds. Each subjed was recorded whil e dictating a total
of 30 German telephore numbers to the experimenter. The
numbers were printed on index-cards (one number per card)
and presented orce in randamised order. The subjeds were
asked to take one cad at atime, look at the number in order
to bemme famili ar with it, and read it out doud in sich a vay
that the experimerter can write the number down.

2.2. Material

The subset of data presented here ontained telephore
numbers of 6 and 7 dgits with or withou various kinds of
(mostly 4-digit) dialing codes (courtry codes, area ©des,
codes for mobhile phores, for telephore mmpanies, or codes
with spedal cdl charges). Graphicd separators occurred oy
after or within a didling code and rever within the subscriber
number ("017736035). Furthermore, the data included the
following spedal numbers:

» conseadtiveidenticd digits ("7747703")

e repeded bu
("938788")

nonconseautive  identicd  digits

» consealtive agendingdigits ("1234784)
» zerosin differentpositions ("97024(8")
» widely known nurrbers("11833)

2.3. Results

23.1. Groupng

Only a quarter of al recrded numbers were grouped in the
same way acaoss al the subjeds. Every single telephore
number was redised by the 10 subjedsin 4 dfferent versions
on average (ranging from 2 to 6 versions). Every spesker had
a basic favourite grouping strategy but the strategy could be
disturbed by the factors listed in theabove gedal cases.

The epeded speda status of dialing codes was
confirmed by the data. They were dmost exclusively grouped
as units of their own. However, 11% of the dialing codes
were internaly divided by minor prosodic boundiries,
henceforth referred to as intermediate phrases (ip).

Intonation Phrases (IPs) of up to four (mostly
monasyll abic) items were used by the subjeds, with a size of
two o three items being clealy preferred. In 6-digit
subscriber numbers, the strategies 2-2-2 and 3-3 were most
frequent and equally distributed. In 7-digit numbers we found
three @mpeting grouping strategies, also equally distributed:
3-2-2, 2-2-3, and 22-2-1. It was not always clea, though,
whether a 2-2 combination shoud be murted as two groups
or asonly one group separated by anip-boundary.

Whenever conseautive identicd digits occurred, they were
grouped into the same unit in 89% of all case. They formed a
unit of their own ("xx-77-xx") in 48% and were part of the
same unit ("X77-xx-xx") in 41%of all case.

Conseautive acending digits are represented in 60% of
all test numbers in question by a single unit ("1234xxx") or
part of aunit ("xxx-0567").

Zeros often serve @ boundry markers. In 576 of all
numbers which include a zeo, it occurs at the right edge of a
group ("xx0-xx"). Group-initialy ("xx-0x"), zeros ocaur in
28% and group-medialy ("x0x") in 15 %of all case.

2.3.2. Wording

The wording of dialli ng codes as sngle numbers proved to be
the default case (64% of all dialing codes). However, the
wording of dialling codes is often predefined. As examples,
the mde "0800' indicaes a spedal cdl charge and was
rendered by all subjeds as "null adthundert”, whereas the
dialling code "01024, representing a spedfic telephore
company, was rendered as "null zehn vierundzwanzig" by
most of the subjeds.

Contrary to dalling codes, subscriber numbers are
semanticdly and structurally neutral. In 8246 of al cases the
numbers were pronourced as dngle digits, 10% of the
numbers included tens, 1% hundeds. In 3% of cases both
wording strategies, tens and hundeds, were gplied in the
same number. Nine out of ten subjeds redised the purely
repetitive number "2222222 as "seven times the two". As
expeded, hundeds proved to be the largest figures used. In
half of al tens (subscriber numbers only) a mmbination o
two identicd digitsisinvolved ("477-22-6" is goken as "vier
siebenundsiebzig - zweiundzwanzig - sedis'), which suggests
that two conseautive identicd digits not only trigger a
grouping in the same unit but also apronurciation as tens.

2.3.3. Prosodic Sructure

The metricd and the intonational structures were used in a
very consistent way and are wnsidered in greaer detail in the
model presented in the next sedion.

3. A Mode for Telephone Number Prosody

Our goa was to propcse an appropriate model for the
description and generation of German telephonenumbers. For
now, we will restrict ourselves to a digit-by-digit wording of
7-digit numbers snce this dze seams to be very frequent
nationally and internationall y.

In table 1, the three derived prosodic strategies are
described and contrasted to two strategies from telephore
inquiry systems. The first one (TEL1) follows the suggested
writing norm [2] prescribing a pairwise grouping from right to
left, the seaond one (TEL2) groups ead digit into aunit of its
own. Addtionaly, TEL1 is charaderised by a divison o



intonation plrases into minor phrases with less slient ip-

boundries marked by shorter pauses.

Table 1: Strategies with groupngs and metricd structures.

strategy grouping metricd structure
NAT 1 3-2-2 SWS- WS- WS
NAT 2 2-2-3 WS- WS- SWS
NAT 3 2-2-2-1 WS- WS-WS-S
TEL 1 1-2-2-2 s-9(-)s- 9(-)s- s(-)s
TEL 2 1-1-1-1-1-1-1 S-S-S-S-S-S-S

The general prosodic patterns found in the production
experiment plus those found in the TEL versions are
ill ustrated in figure 1 and de<ribed usng the GToBI |abelling
conventions [4], which are based onideas of Autosegmental-
Metricad Phondogy [3].
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Figure 1: Schematic conburs. Lines represent: accented
(heavy), unaccented (thin), transitions (dotted), 1P-
boundxries (solid verticd), ip-boundries (dotted verticd).

In the production dita, seaondary (prenuclea) accets are
frequently redised as H* pitch accents, and grimary (nuclea)
acceits mostly surface & L+H* in all IPs except the last one.
If the final IP consists of only one digit, its nuclea accent is
redised as H*, if it consists of two dgits, the nucleus is
generaly redised as H+L*, and if the final IP has threedigits,
the most frequent redisation d the nuclea accet is a
downstepped fall 'H+L*. The form of contour at boundriesis
similarly clea-cut. The first IP normally ends in a steep rise
(H-"H%), subsequent IPs (except the last one) end in a high
plateau (symbalised as H-%), and the final IP falsto an extra
low pitch (L-%). In terms of global intonation contours, there
is a stepwise lowering of register, i.e. rises at boundxries are
getting shallower from IP to IP. This overall contour has
aready been reported on for gereric listsin German [5].

4. Perception Experiment

The perception experiment aimed to compare the three
strategies found in the production experiment with natural
speet (NATL,2,3) with the two above mentioned strategies
in telephoreinquiry systems (TEL1,2). In adired comparison

listeners were aked in a forced choice test which of two
conseautive stimuli they preferred. The hypothesis was that
the strategy with hardly any prosodic structure (TEL2) would
never be preferred, and that the unneturaly redised phore
inquiry versions were inferior to the "natura" courterparts.
This would be in line with the findings of a similar test [6]
with "neutral”, "continuant" and "terminator" intonation.

4.1. Methods

Three7-digit numbers withou an area ©de were seleded. To
guarantee a"default” mode, spedal cases as listed in sedion
2.2 were avoided. Additiondly, the digits "0" and "7" are
excluded for reasons of spedal status and the number of
gyllables ("sie-ben"), respedively.

Stimuli were generated with an MBROLA diphore
speedt synthesiser [7] using the German female diphore set.
To determine the fundamental frequency, a starting and a
terminating value in Hz was chasen for ead syllable which
was based on ou recordings and corresponded to the five
strategies in the proposed model. For the seledion d the
gyllable and segment durations two fadors were @nsidered:
On the one hand the spe&king rate of the telephore inquiry
voices where only acceated syllables occur shoud be
matched, on the other hand deacceated syllables had to be
shortened. A native speser produced the three numbers ©
that her syllable durations could serve & an orientation. All
synthesised digits were dhedked and correded by the authors
so that they corresponced to the prosodic condtions to be
modelled. Mean syllable durations were 340 ms for
unaccented and 480ms for accented dgits. Pause durations
were 450 ms at an IP-boundry, and 150ms at the alditional
ip-boundary for strategy TEL1.

Each token to be judged consisted of the following
comporents: a bee tone - 1 secsilence - stimulus 1 - 1 sec
silence - stimulus 2 - 2 secresporse time. Eadh stimulus pair
occurred twice once in eah oder. In tota there were 42
tokens (3 numbers X 2 orders X 7 pairs) plus three warm-up
dummy tokens at the very beginning. All tokens were
randamised. The test took 12 minutes in tota.

Eight German-native speders (partly those from the
production experiment) were told to evaluate atificialy
generated spoken phore numbers played over loudspeskersin
an dfice ewironment. They were aked to indicae
immediately after ead token whether they preferred the first
or the seaond rendering.

4.2. Results

The results presented in table 2 confirm our hypothesis that
"natural" dtrategies were preferred over the "telecom"
strategies. However, the hypothesis that TEL2 (with reduced
prosody) is inferior to TEL1 (over-accanted prosody) had to
be rejeded. The comparable rating of the two strategies was
due to dvided preferences aaoss listeners rather than to
inconsistency within listeners.

Table 2: Percentage of preferences of tested strategies
(bold) over TEL1,2 (italic); (per cdl n=48).

NAT 1 NAT 2 NAT 3 TEL 1
TEL1 92% 92% 90% -
TEL 2 92% 94% 94% 44%




4.3. Interpretations

Informal comments by the listeners suppat the interpretations
that the dea groupng of TEL2 and the natura-like
intonation o TEL1 were gpredated, wheress the overall
monaony and the lad of aterminal contour in TEL2 and the
exaggerated pitch range of TEL1 were felt to be
disadvantageous. Obvioulsy, too much pitch variation can be
inferior to nore, but a balanced intonation seems to be best,
which isin line with ou hypathesis and the findings in [6].
Deficiencies of the NAT versions feaure some rhythmic
weanesss, eg. a too fast tempo in threedigit IPs. A too
slow tempo caused by accented syllables throughou and
many pauses in the TEL versions (speed rate incl. pauses in
syll/sec 1.9 for NAT1,2 vs. 1.4 for TEL1 and 12 for TEL?2)
could beanother reason for their relative inacceptability.

5. Discussion

One immediate impad of ouw study concens the
automaticdly spoken phore numbers of telephore inquiry
systems. Even if natural, nonmanipulated speed is used for
the single digits, a quasi non-existent prosody can hamper the
information quality so much that some numbers are simply
not intelligible. In a stress #uation, the "2222222 (car
emergency cdl) with a limited phrasing and accent structure
and noterminating intonation reportedly led to a pure guess
of how many times "2" had to ke diall ed.

Also, conventional unrestricted text-to-speed synthesis
can benefit from a natural-like prosodic rendering of phore
numbers. This is demonstrated in [8], a system which is able
to processmulti ple number formats in an appropriate manner.
Prerequisites for a differentiated procesing of digits are
considered in speet mark-up languages, e.g. [9]. Different
individual strategies, different spedal numbers, but aso
various grategies in dfferent cultures can be integrated with
these toadls. This requires a distinction between default and
non-default cases. To adhieve this, results of our production
experiment can help to provide @nstraints and rules for
speda cases (sedion 22). The onstraints might be ranked
differently for different speekers. There wuld be basic
grouping strategy constraints for different length telephore
numbers (eg. 3-2-2 for 7-digit numbers), a sameness
constraint ("group conseautive identica digits together"), and
a series constraint (“group conseautive acending or
descending digits together"). Oncethe grouping is dore, there
have to be rules ensitive for deaccatuation pheomera. This
is becaise the metricd structure of agroupmay change due to
achange in information structure: If the sare digit is repeagd
(as in "38788"), its mnd and subsequent occurrences
represent given information. A given item is likely to be
deaccated, which requires a stressshift. However, a
prerequisite for this rule is the occurrence of the digits in
nuclea pasition, which in turn is dependent on the coice of
wording strategy: In "38-78-68', a shift of the accet
leftwards applies only in a digit-by-digit reading ("DREI adt
- SIEben adt - SECHS adt"), but not when read as tens
("acht-und-DREI-sdg, adt-und-SIEB-zig, adt-und-SECH-
zig"), since the supposed default pronurciation d tens in
German requires prominences on the first digit in ead IP,
which coincides with the nucleus.

Diadlling codes are generally known by spe&ers and are
presumably treaed hdisticdly. Thus, speekers rarely deviate
from the predefined wording. For techndogicd applicaions

"meaningful” digit combinations like dialling codes or other
common nunbers shoud be corsidered

There ae aneadatal reports that well-known numbers are
not recgnised (immediately) if they are produced with a
different grouping and/or a different wording from the
representation in ore's own mind. Additionaly, people
pointed ou that they deliberately seach for "Eselsbriicken”
(mnemonic ads) which have astrong influence on groupng,
wording and acceiting. This aso explains the wish for
numbers which are eay to remember as in ou speda cases
such as "7774777" or "1234353".

It can be ssumed that people do nd necessarily structure
anumber (espedally a phore number) that hasto be stored in
long-term memory in the same way they structure anumber
for short-term memory. Recdl experiments with auditorily
presented lists of 9-digit numbers [10] proved that a 3-3-3
grouping of the listed items led to a better performance than
no groupng. This effea probably plays an important role for
production strategies and perceptual preferences. Moreover,
first and espedadly final items in a group are better stored in
the short-term memory than medial ones. The metricd pattern
we foundin ou datais gructured so that the group-final digit
is metricdly represented with a strong bea, and the group-
media digit with a wed& bed. It can be hypothesised that
retention o list items in short-term memory is not only
dependent on the position in the group bu aso on the
metrica weight. This would mean that initial but wes items
in groups of two instead of threeasin [10] arerecdl ed worse.

In contrast to ordinary spoken language, numbers do nd
contain redunchncy, i.e. listeners have to demde the
information o all items to understand the whole message.
Thus, there is a ontrast between information load and
prosodic coding. Of course, numbers are omnipresent,
occurring as bank acournt numbers, ID numbers, sums of
money etc. This gudy on the prosody of telephore numbers
integrates questions of wording, groupng and acceating. It
can be regarded as a ontribution to reseach on spoken
numbers in general, which surely play an important role in
dialogue systems.
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