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ABSTRACT

This paper presents some statistics regarding
cutomer usage of an application of speaker-indepen-
dent, continuous-speech automatic speech recogni-
tion (ASR) technology in an automated telephone
operator application.

In this application, ASR technology was used as a
default alternative for customers who did not dem-
onstrate a willingness to use tone signalling
(DTMF). Over the four-year period, the use of
DTMF increased, but the success rate per DTMF-
processed call fell from 82% to 66%. However,
although the use of ASR decreased, the success rate
per ASR-processed call rose from 16% to 21%.

" 1. VOICE OPERATED INTERCEPT SYSTEM

1.1. Purpose

USA

(ANI). If the switch did not have ANI capability, the
intercept system provided the ONI function - a dia-
log with an operator who asked the caller to furnish
the called number. VOIS automated this dialog.

As an incidental benefit, VOIS extended the traffic-
handling capability of the centralized intercept sys-
tem because VOIS provided concentration of both
ONI and ANI traffic and eliminated a moderate
amount of ONI traffic as well.

1.2. Chronology

-Experiments with ASR by NYNEX in 1987 were

NYNEX introduced its Voice Operated Intercept ‘

System (VOIS) in 1990 to automate the Intercept
Operator-Number-Identification function (“Inter-
cept ONI") for certain NYNEX switching offices in

the New England region of the United States.! An
important purpose of VOIS was to afford expen-
cnce with the deployment of speaker-independent,
continuous-speech automatic speech recognition
(ASR).

The VOIS system was designed as a pre-processor
for an existing centralized intercept system. Tele-
phone end-office switches transferred calls to the
intercept system as a last resort, when a number that
was called did not seem to be valid or working. The
system then played an appropriate announcement,
in which the called number was generally repeated.
The intercept system received the called number
together with the call if it was from a switch that had
the capability for automatic number identification
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followed by design and preliminary development
efforts that led to full deployment of VOIS in 1990.
At that time, it was cnvisioned that VOIS would not
be used after mid-1993, when all NYNEX switches
in New England were to be upgraded to eliminate
the need for Intercept ONI.

However, even after the NYNEX upgrade, the
VOIS concentration capability proved to be useful
and the VOIS system remained in place. Further-
more, intercept traffic requiring ONI treatment con-
tinued to come from a few switching offices that
were owned by independent telephone companies
but made use of the NYNEX intercept network.
This traffic continued until June 1994, presenting an
opportunity for observing customer reactions for an
additional 12-month period.

2. INTERCEPT TRAFFIC

2.1. Volume

A total of approximately 20,000 ONI intercept calls
were routed to VOIS over the final 12 months of
operation, in comparison with the initial calling rate
of about 20,000 per day in 1990.

2.2. Typical Fluctuations

The principal influences on the intercept calling rate
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Figure 1. Call Processing in the VOIS System.

are the season, the day of the week, and the time of
day. The northern New England region served by
the intercept system offers both summer and winter
vacation attractions, so calling rates increase appre-
ciably in February, August, and September. There is
a weekly cycle in which it seems that reduced busi-
ness usage leads to less traffic on Saturdays and
Sundays. Of course, the most pronounced variation
is by time of day. For a typical weekday, we
observed hourly calling rates ranging from 210% to
less than 1% of the 24-hour mean. A reasonable
model might differentiate between a daytime period
from 9 AM to 5 PM in which the hourly rate is
(180 £30)% of the mean, an evening period from
5 PM to 9 PM with (150 + 10)%, and a night period
from 10 PM to 8 AM with from 20% down to less
than 1%. This would be consistent with the general
experience in telephone systems, for which it is
common to choose the traffic-handling capacity on
the basis of a “busy hour” calling rate that is taken
to be 210% of the mean for a weekday in the busy
SEason.

3. CALL PROCESSING

3.1. Stages

Figure 1 shows the stages of call processing in
VOIS. Based on initial screening (a request for the
caller to dial ““1”), the person who was calling was
prompted to provide input to VOIS alternatively by
speech or by tone signalling (DTMEF). If this was
not successful, the call was sent to an ONI operator.
If successful, the call was sent to the intercept sys-
tem, to receive an announcement.

EUROSPEECH ’95, Madrid, Spain, September 1995

When processing speech input using ASR, VOIS
interpreted the absence of detected speech as a

“one-way” call.! This situation (which was caused
by an anti-fraud feature in certain toll switches by
which traffic was routed to NYNEX) was thus han-
dled without the attention of an operator.

The figure does not show all possible ways that a
call could terminate, since callers could hang up
during processing at any stage.

3.2. Data Collection

At the time of each call, pertinent data were
recorded such as the scquence of call-processing
stages, the called number furnished by the customer,
the VOIS equipment items used, and the incoming
branch of the intercept network. Periodic statistical
analysis served as a basis for managing day-to-day

operations, as well' as for several special

studies. ' % 3

4. CUSTOMER CALLING PATTERNS

4.1. Data Selection

As was mentioned above, after the principal period
of deployment from 1990 through 1993, the VOIS
system was in use from January through June 1994,
In an attempt to choose periods of comparable cus-
tomer activity, only those 1994 call records were
used that were for weekdays that were not holidays.
This yielded a total of 3,433 call records that were
logged for 83 weekdays. These are compared here
with the records for 18,529 calls on one day in June

1990 that were the basis for a previous re:por[.1
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June 27, 1990 Jan. - June 1994

One Weekday 83 Weekdays
18,529 calls 3,433 calls

Processed by DTMF

Automated 11.4% 13.9%

Not Automated 1.4 4.2

Hung up 1.1 3.0

Total DTMF 14 21
Processed by ASR

Automated - One Way 6.0 6.1

Automated - Intercept 35 2.5

Not Automated 13.7 6.0

Hung up 37.2 26.1

Total ASR 60 41
Total processed 74% 62%

Table 1. VOIS Call-Processing Statistics at Beginning and End of Deployment

4.2. Initial Hangups

. In the first VOIS experiments and continuing
throughout deployment a very large number of call-
ers hung up in the initial screening stage of a call,
before the stages of processing by ASR or DTME.
This was the subject of considerable attention dur-
ing the development of VOIS, when prompting
messages were chosen that tended to reduce initial
hangups. However, it was concluded early on that
this effect is inherent in this application: a certain
number of callers who reach the intercept system
really have no interest in proceeding with the ONI
dialog. In the non-automated ONI dialog, which of
course does not have an initial screening stage,
many callers hang up as soon as they realize that the
call has gone astray. With VOIS, the initial screen-
ing stage provides a longer period before a caller is
asked to furnish the called number, so it is reason-
able that more callers hang up.

Comparing the 1994 period to 1990, significantly
more callers hung up during initial screening (38%
vs. 26%). Table 1 shows the disposition of those
calls remaining: i.e., those that reached the stages of
processing by either ASR or DTMF.

4.3. Processing by ASR and DTMF

In- 1994 vs. 1990, proportionally more calls were
processed by DTMF (21% vs. 14%), and fewer
were processed by ASR (41% vs. 60%). Since there
are supposedly increasing numbers of DTMEF-
equipped telephones in the field, it seems reasonable
that there would be some increase, but the amount
observed seems surprisingly large. Perhaps it can be
attributed to increasing customer familiarity with
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other services employing DTMF input.

However, for the calls processed by DTMEF, there
was a striking increase in the proportions not auto-
mated and hung up. That is, the automation success
rate per DTMF-processed call decreased from 82%
in 1990 to 66% in 1994 (i.e. 11.4%/14% vs.
13.9%/21%).

The relative number of calls processed by ASR
decreased, with a proportional decrease in the calls
hung up. However, the relative number not auto-
mated was substantially reduced. Thus, the automa-
tion success rate per ASR-processed call increased
from 16% in 1990 to 21% in 1994 (i.e.
[6.0% + 3.5%]1/60% vs. [6.1% + 2.5%]/41%).

The net effect was to improve the overall automa-
tion success rate from 28% to 36% and to reduce the
rate at which calls were sent to operators from 15%
to 10% (i.e. [1.4% + 13.7%] vs. [4.2% + 6.0%]).

5. DISCUSSION

It is reasonable to expect that when an application
involving new technology such as ASR is intro-
duced, customer usage and acceptance will change
over time as users become more familiar with the
technology in general and with the application in
particular. Although the number of calls in 1994
was relatively small, the 1994 results are different
from those of 1990 to a statistically significant
degree. While data were not preserved for the entire
interval between 1990 and 1994, there was certainly
no gradual trend for the first year or so that would
have the cumulative effect observed. It is the
author’s opinion that there was a real change in cus-
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tomer behavior after three years or so of deploy-
ment.

Of course, this was not a controlled experiment, and
it is impossible to be sure of the cause of these dif-
ferences. For example, there are no data now avail-
able to investigate whether the changes were due to
the changed set of end offices from which the inter-
cept traffic came. However, earlier investigation did
not indicate any significant differences in calling
pattemns from different end offices. This seems rea-
sonable, since the population of callers who reach
intercept from any particular end office is not lim-
ited to the local region served by that office and
must overlap the populations reaching intercept
from the other offices.’

6. CONCLUSIONS

In this application, customers were asked to furnish
data, but were not highly motivated to do so. Both in
1990 and 1994, approximately two thirds hung up
before following the automation dialog to comple-
tion.

In the automation dialog, data could be fumished by
DTMEF or by speech, but customers were not offered
a specific choice of these alternatives. However,
there must have been many callers who encountered
the VOIS system repeatedly over the four-year
period and leamed what to expect of it. For what-
ever reason, there seem to be real differences in cus-
tamers’ use of ASR and DTMF processing in 1990
and 1994:

The number using DTMF increased from 14% to
21%; the number using ASR decreased from 60% to
41%. The number of DTMF users who successfully
furnished data did not increase so much, since more
of them hung up or failed to furnish data. The result
was that the automation success rate per DTMF-
processed call decreased from 82% to 66%. On the
other hand, the number using ASR who hung up or
failed to fumish data decreased greatly, and the
automation success rate per ASR-processed call
increased from 16% to 21%.
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