


Given an utterance, the recognizer charts a path through the
space of possibilities based on the probability of one

Start(name).

name ---> Bennett
name ---> Davis
name ---> Dennison
name ---> Deveraux
name ---> Edwards
name ---> Franklin
name > Nelson
name ---> Smith
name ---> Smithson

name ---> Thomas

Figure 4: A grammar for name recognition. Each
name in the grammar is represented as a series of
phonemes in the lexicon (see figure 5).

phoneme following another. The “most likely” path, which
will correspond to one of the utterances defined in the
grammar, is then returned as having been recognized.

A speaker-independent recognizer cannot function without
an accurate lexicon, for if the strings of phonemes for some
word do not correspond to its actual pronunciation, the
recognizer will most surely fail. Most proper names,
however, are not included in the lexicon. It has been
estimated [7] that there are over 1.5 million surnames in the
United States, with approximately 1/3 of those unique.

It is possible to augment the dictionary with user-defined
pronunciations, but this presupposes a working knowledge
of phonetics as well as the notational conventions of the
recognizer. Even if one has the requisite skills, the process
is tedious. Furthermore, as in the case of training a speaker-
dependent recognizer, whenever a name is added to the
rolodex it must be added to the lexicon, as well.

The alternative is to automatically generate pronunciations
for proper names not found in the dictionary, but this is
difficult. Although language-specific rules exist for
converting words into phonetic representations, names
come from a variety of languages, each with its unique set
of pronunciation rules. Identifying the linguistic roots of a
particular name is nontrivial, though an algorithm is offered
by Vitale [8]. Even if the nationality can be determined,
some international names have been Anglicized and are thus
pronounced differently than in their mother country. Hence
an automatically generated phonemic representation of a
name is likely incorrect. With the dictionary full of
incorrect representations, the recognizer is doomed. For
example, the first syllable of the name Sidner “side-ner”
will likely be incorrectly transcribed as “sid” instead of
“side”, so when the recognizer attempts to match the
phonemes in the dictionary for Sidner against the user’s
pronunciation, it will may confuse it with another name.

Continuous spelling
Given the inevitability of faulty name recognition, a natural
fallback mechanism is to spell out the name. We define a

grammar in which each name is represented as the series of
letters of which it consists. In spelling out the name, the
recognizer treats the series of letters like a string of words.

Start(name).

name -—->BENNETT
name -—->DAVIS

name --->DENNISON
name -->DEVERAUX
name --->EDWARDS
name —->FRANKLIN
name -->NELSON
name -—->SMITH

pame --->SMITHSON
name --->THOMA S

Figure 5: A grammar for spelling names. Each word
is represented as a series of letters, each of which
has a phonetic representation of its own. (e.g., the
letter ‘s’ consists of the phonemes /eh/ and /s/).

Continuous spelling works rather well, but it is not
foolproof. Since the user speaks all the letters in a
continuous string without any space between letters, the
recognizer does not know how many letters to listen for.
And since each letter is itself represented by a series of
phonemes, the coarticulation of these phonemes may result
in confusion as to how many letters were spoken. If, for
instance, my rolodex contained by people with the last
name “Marx” and “Marks”, the recognizer may confuse the
spelling. The series of phonemes for “M A R X” is /eh m
eyarehks/and for “M ARK S”is /eh m ey ar k ey eh
s/. Especially when spoken quickly, these phoneme strings
are potentially confusable.

Another problem is the rate at which people spell names. If
we could agree to spell at an identical, constant rate,
spelling out a name might be a viable alternative. Yet
people spell at different rates depending on a number of
factors. If you ask me to spell my own last name, I'll very
quickly say “M-A-R-X", Ask me to spell the name of the
former Soviet leader, and it takes a little more time: “G-O-
R....B-A-CHEV”. But a pause after the R can be fatal; as
many recognizers automatically endpoint speech (as
opposed to using a push-to-talk interface), the recognizer
will assume that the user was finished spelling if the pause
after the ‘R’ is long enough.. The lack of length constraints
often means failure for continnous spelling.

Letter-by-letter spelling

Another alternative is spelling the name one letter at a
time, processing one letter and then prompting for the next
one. Letter-by-letter spelling avoids two shortcomings of
continuous spelling: 1) since each letter is processed
individually, the recognizer can use the count of how many
letters have been spoken as an additional constraint in
matching names, and 2) since each letter is prompted for
and recorded separately, the rate at which people spell names
is irrelevant.
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Obviously it takes longer to spell a name letter-by-letter
than to spell it continuously, but then again it takes longer
to spell a name continuously than to speak it as a word.
The tradeoff here is speed versus accuracy. If letter-by-letter
spelling is more reliable than continuous spelling, it can
provide a useful fallback mechanism when continuous
spelling fails.

Reliable letter-by-letter spelling is nontrivial because
recognition of individual letters is poor. Anyone who has
spelled their name and address over the phone is familiar
with techniques used to disambiguate similar-sounding
letters: “Is that ‘b’ as is ‘boy’ or ‘p’ as in ‘Paul’?”
Although the perplexity is only 26, many of the letters in
the alphabet are easily mistaken for each other. The
members of the “e-set” are dominated by a high front
vowel: /b/, /c/, Id/, lel, Ig/, Ipl, It/, IN/, [z]. Sets for other
vowels exist as well, including the “a-set” (/a/, /W/, /j/, Ik/),
the “i-set” (/i/, /y/) and the “u-set” (/u/, /q/). Letters can also
be confused for characteristics other than vowels; for
instance, /s/, and /x/ are all dominated by a voiceless
fricative: “ssss”. One cannot rely on the recognizer to
correctly identify all letters correctly.

There are at least two approaches to overcoming faulty
letter recognition. One is to replace the letters with words
beginning with those letters -- words that are sufficiently
acoustically distinct so as not to be confused by a
recognizer. This is the military-style “alpha” “bravo”
“charlie” method of spelling. We reject this as too user-
hostile.

Our approach is to figure out what letter the user might
have meant by using considering the mistakes the
recognizer is likely to make as well as what letters are
relevant for the set of names in the application. To this end,
we construct a confusability matrix for a recognizer and
then work backwards to discern which letter the user must
have meant in order for the string of letters to match a name
in the list. This requires no extra knowledge on the part of
the user; indeed, the process of disambiguation should be
implicit and transparent. Details of the relevant algorithm
are given in the next section.

SPECIFYING NAMES

Since the user will need to explicitly specify names at
many points in the discourse, Chatter needs a reliable
mechanism for specifying a name from a large number of
choices. The following algorithm gives a three-step process
for reliably specifying a name.

1. Name recognition. If the user says a name, as
when trying to specify someone to look up in the
rolodex, the recognizer will do its best to match the
utterance against a name that it knows. Since the cost
of dealing with the wrong person may be very high (as
in sending a voice message to the wrong person) the
system parrots back the name for explicit yes/no
verification.

2. Continuous spelling. Failing name
recognition, the user may try to spell out a name all at
once, as in “P-A-T S-M-I-T-H”. The system then
pieces together the various letters into a name and
repeats it for verification.

3. Letter-by-letter spelling. Failing continuous
spelling, Chatter prompts for letters one at a time.
When enough letters have been gathered to uniquely
specify a name, Chatter returns the name.

The previous section discussed the unreliability of name
recognition and continuous spelling, and thus the need for
letter-by-letter spelling. Gathering letters one by one to
uniquely specify a name is a process of carving
impossibilities away from the list, similar to Phoneshell’s
implicit disambiguation of telephone keypresses. Chatter
performs a similar process of disambiguation, but the
disambiguation is based on how the individual recognizer
misinterprets letters rather on the universal three-letters-to-
one-number mapping of the telephone keypad. The
following letter-by-letter spelling algorithm uses several
techniques to guarantee that the correct name can be
specified even when individual letter recognition is
unreliable.

Subsetting letters

The previous section discussed the problems of letter
recognition. The perplexity of the alphabet is 26, and so if
we can reduce that perplexity our chances of success will
increase. Now, given a list of names we need only listen for
the relevant letters. We list the first letter of each name,

names subset recognized

Bennett

Davis b ° d » €5 ¢
Dennison f, n, S,
Deveraux t

Edwards

Ellison
Franklin
Nelson
Smith
Smithson
Thomas
Edwards
Ellison
Edwards

d, 1 d

Figure 6: Chatter only listens for the relevant lotters,
(marked in boldface), simplifying recognition.

remove redundancies, and then subset to that list of letters
instead of the whole alphabet. The size of this list depends
on the number of names and their distribution among the
letters of the alphabet. The chances of recognizing the
correct letter are improved since the recognizer has fewer
letters to confuse. We repeat the process for the second
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letter, third letter, and so on. The further along we get, the
higher the likelihood that fewer choices will remain.

The lower perplexity which results from subsetting to only
the relevant letters increases recognition performance. Thus
the recognizer will never return a letter which could not
show up at that letter position in the name.

Second-guessing the recognizer

Even if we subset to a small number of letters, the
recognizer may still identify letters incorrectly. We
construct a confusability matrix for the recognizer based on
many trials of each letter. Any letter that is returned
mistakenly for another is considered part of that letter’s
confusability set. Since we are working with a speaker-

a<-- ah n<-- anrs
b<-- abdepvz o<-- lo
c<-- ctz p<-- cdepvz
d<~-- cdvz g<-~ qu
e<-- e r<-- iry
f<-- fx g<-- fs
g<-- gt t<-- dept
h<-- h u<-- gu
i<-- iy v<~-- bdepvz
j<-- adgjktz w<-- fmnw
k<-- adjkg X<-- 8X
1<-- 1 y<-- Yy

m<-- mn z<-- defnstvxz

Figure 7: Confusability matrix for Dagger, a speaker-
independent, continuous-speech recognizer. A
letter returned by the recognizer might have
been mistaken for a letter spoken by the user.

independent recognizer, we want a speaker-independent
confusability matrix; ideally the confusability matrix
should be constructed using the same subjects whose
utterances were used to build the phoneme models.

From the table, if the recognizer returns the letter /d/,
chances are the user said one of the following: /c/, /d/, /v/,
or /z/. It is clear that some letters like /I/ are (nearly) always
correct: if the recognizer returns that letter then certainly
that’s the one the user said. The arrows point to the left in
order to reflect the chronological ordering: that is, if the
user says the letter /c/, /d/, /v/, or /z/, then the recognizer
could return the letter /d/.

Now, for each letter returned by the recognizer, we consult
that letter’s confusability set. We then consider any letter in
that set to be a valid match for that letter, and thus use all
of those letters in the confusability set to whittle down the
list of possible names.

Shown below is an example of how Chatter converges on a
name given imperfect letter recognition by consulting the
confusability matrix. The task is the same as for
Phoneshell: finding the name “Edwards” among a list of ten
names. The columns “SUB” and “RET” list the letters
subset to and the letter returned by the recognizer,

respectively. The column “CONFUSABLE” represents the
confusability set for the letter returned by the recognizer.

ret confusable

t d, e,
p,t

2]
=
o

names
Bennett
Davis
Dennison
Deveraux
Edwards
Ellison
Franklin
Nelson
Smith
Smithson
Thomas

-

.

-

~»

-

Davis
Dennison
Deveraux
Edwards
Ellison
Thomas

(o
o
o

<
N

-

»

oo @t g o Qo

Edwards

Figure 8: Letters spoken by the user, though
misrecognized, are implicitly resolved to match the
desired name.

The algorithm converges on the name Edwards with only
two letters, only one of which was recognized correctly.
Indeed, the recognizer will converge on the correct name
even if the wrong letter is returned every time (assuming
the confusability matrix is accurate).

Adding the constraint of length

What happens, though, when the user has said all the
letters, but more than one name matches that which was
specified? There are two cases. In the first, Chatter
converges on two or more names of the same length -- were
one shorter it would have been eliminated previously --
which match the letters in the confusability matrix for each
of the letters returned. The system stops asking for new
letters, parrots back each of the possibilities, and asks the
user to choose between them as in Phoneshell.

In the second case, the desired name is a prefix of another
name in the last. So even though the user has said all of the
letters in the name, the recognizer continues to ask for more
letters since it thinks there are more matches to be had.
Chatter allows the user to terminate the letter-specification
procedure by saying “that’s all”. At this point, Chatter
evaluates its list of potential matches. If there is a name
with as exactly the number of letters that have been
collected so far, then it returns that one as the correct
choice. Thus the user is allowed to constrain the list by
signaling that the maximum number of letters has already
been entered -- a shortcoming of continuous spelling. Since
Smithson is also in the list, the system finds them both
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legitimate matches until the user ends with “that’s all.”
Then it returns Smith as the only appropriate match given

=2

names ret confusable

Bennett
Davis
Dennison
Deveraux
Edwards
Ellison
Franklin
Nelson
Smith
Smithson
Thomas

S f, s

©w B o Ao

BH
=

Smith
Smithson

Smith
Smithson

o
o
i o
»

-

Smith
Smithson

-
-

Pls o
= e

Smith h h

Smithson
Smith “that’ S
all”

Smithson

Smith

Figure 9: Multiple names that match are handled by
saying “that's all”, which gives the added constraint
of length. Chatter infers that the shorter name was
intended.

the constraint of length. This added constraint makes letter-
by-letter recognition more reliable than continuous
spelling.

EVALUATION

Both Phoneshell and Chatter use implicit disambiguation of
user input in spelling names. With TouchTones, each letter
is confusable with the two others which share its key,
whereas with speech recognition, the confusability set for
each letter can be different. In the confusability matrix
computed for the TI recognizer, the average confusability
set-per-letter is 3.3, suggesting that implicit
disambiguation of spoken letters should be almost as robust
as that of TouchTones.

Yet the question “are names best handled with TouchTones
or speech recognition” is not answered by the simple metric
of how quickly names can be spelled. One must consider
the entire interaction involved in dealing with names.

In Phoneshell, specifying a name always involves spelling
it out with TouchTones, so specification takes a constant
amount of time. Using speech recognition, Chatter might

get the right name the first time, which certainly takes less
time than spelling it out with TouchTones. If it fails,
however, then spelling it out will add up to more time than
it would have taken to spell it with TouchTones. It is thus
difficult to rank the methods by the amount of time taken.
Name recognition is faster if it works but takes longer if it
fails and the name has to be spelled out; hence, it is unclear
which method is optimal for the initial specification of a
name.

Re-specifying a name, as in calling the person after you’ve
read email from them, is easier with Chatter since anaphora
can be used. Saying “him” or “her” (which should be
recognized robustly) is faster than spelling out a name each
time with TouchTones. Actions which involve several
steps for a single person are likely more efficient with
Chatter.

The familiarity of speech is significant, as well. People
have been spelling words verbally for most of their lives,
whereas entering letters on a telephone keypad is an
unfamiliar process. For users of rotary-dial telephones, who
continue to constitute a significant percentage of the
population (especially in Europe), TouchTones are not even
an option. Admittedly, talking to a speech recognizer is not
as natural as talking to a person, but the process does not
require an entirely new protocol.

CONCLUSIONS

Both TouchTones and speech recognition can deliver
interfaces which enable users to manipulate names in
speech interfaces to communication systems. The
impoverished 12-key input channel of touch-tone-based
applications such as Phoneshell forces the user to spell
names in order to specify them, and the necessarily
hierarchical structure make it difficult to handle re-
specification of names. The conversational interface of
Chatter, made possible by speech recognition, breaks down
barriers between applications, making direct specification
potentially easier (just saying the name) and re-specification
simpler still.

Unlike touch-tone recognition, which is robust, speech
recognition is poor, especially of proper names which may
not have professionally-tooled pronunciations to work with.
Thus a system for spelling names with speech recognition,
implicitly disambiguating the recognized letters to figure
out which name the user was trying to spell, is necessary to
preserve the integrity of the interface. Armed with this
reliable fallback method, the Chatter interface can deliver on
its promised benefits. And as speech synthesis becomes
more realistic and recognition more reliable, intelligently
structured discourse like Chatter may occasionally leave
users wondering whether a computer or a human is on the
other end of the line.

Computers and their addressing protocols are like
stagehands which no one wishes to see in the spotlight.
Phoneshell took a strong step towards this goal by offering
an interface that shielded the user from the addressing
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protocols of telephone and computer communication.
Chatter improves further by hiding much of the
computational infrastructure, allowing user to focus on
people rather than on applications.
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