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Speech Data Entry: Results of a Test of Voice
Recognition for Survey Data Collection
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Abstract: The Bureau of Labor Statistics
(BLS) has conducted tests of microcomputer-
based voice recognition technology as an
alternative to traditional mail and telephone
data collection methods. Results of current
research are provided covering performance
measures, respondent reaction to Voice
Recognition and Touchtone automated self-
response methods, data quality measures,
collection cost implications, hardware and

1. Introduction

The decades of the 1970s and the 1980s
saw a dramatic surge of research into new
data collection methods. The availability of
inexpensive computers provided the means
for testing a range of computer-assisted
methods, primarily CATI and then CAPI
for assisting interviewers and controlling
and measuring the interview process. These
tests (Groves and Nicholls 1986; Catlin and
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software requirements, and current limita-
tions of technology. Future developments in
voice recognition technology are also dis-
cussed. The results indicate that survey
designers should reevaluate traditional col-
lection methods.
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Ingram 1988) searched for potential mode
effects negatively affecting data quality and
costs. What few effects were found were
overwhelmed by the potential benefits of
standardized procedures, on-line edits and
reconciliation, and the capture of process
control information on the interview pro-
cess.

This research spawned further uses for
computers to streamline the data collection
process. As an extension of these develop-
ments and research, the BLS has field tested
a Voice Recognition (VR) system over two
years.

To the general population, the use of
voice recognition has been more fiction than
science for decades. Only recently have
techniques been sufficiently reliable and
inexpensive to consider for commercial use.
The VR system recognizes the human voice
as input to a Computer Assisted Self-Inter-
viewing (CASI) system. The research sup-
ports the use of VR as a viable alternative to
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data collection methods, such as mail, Com-
puter Assisted Telephone Interviewing
(CATI), and Touchtone Data Editing
(TDE). The Voice Recognition system is
currently in use at BLS to collect economic
data in a monthly business survey.

2. The Current Employment Statistics
Survey

The Current Employment Statistics (CES)
program provides one of the earliest indica-
tors of the United States’ current economic
activity. The primary products of the CES
are monthly estimates of total employment,
women workers, and production worker
employment, hours worked, and earnings.
The CES is a business establishment survey
covering all nonagricultural industries. The
largest U.S. monthly survey, the CES is
based on a sample of over 370,000 volun-
tarily reporting establishments collected by
cooperating state agencies.

Timeliness is of the utmost importance in
our data collection. The CES requests infor-
mation for the reference week including the
12th of the month. Results from the CES are
published the first Friday of each month for
the preceding reference month. Thus, there
are generally about two weeks to collect, key
enter, and edit the data, and one week for
estimation, analysis, and publication of
preliminary national estimates.

Traditionally, the survey has been con-
ducted by mail, whereby an annual question-
naire is mailed back and forth to the respon-
dent each month. The respondent completes
the questionnaire with payroll information
and returns the questionnaire through the
mail. Mail collection typically yields only
about a 50% response rate by the deadline
for preliminary estimates.

In order to improve the response rates for
preliminary estimates, BLS has been testing
telephone data collection methods for several
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years in the CES. These include CATI col-
lection since 1986, TDE since 1987, and now
Voice Recognition (VR) since 1989.

Several characteristics of the CES survey
make automated data collection a feasible
alternative. The CES is a monthly longitudi-
nal survey, where the same respondents par-
ticipate in the survey each month. Few data
items are collected from respondents — the
number of all employees, women workers,
and production or nonsupervisory workers,
as well as the payroll and hours for the
production or nonsupervisory workers.
Most respondents obtain the information
directly from their payroll records, a hard
data source. Because the CES is a survey of
businesses, respondent contact is relatively
simple; regular business hours provide a
well-defined contact period. Respondents
are usually payroll clerks or heads of payroll
departments, so they are usually familiar
with the information requested on the ques-
tionnaire.

The testing of CATI methods yielded
improvements of up to 30 percentage points
in the response rates for the preliminary
estimates (Werking, Clayton, Rosen, and
Winter 1988). However, implementing on-
going CATI over such a large sample survey
would be too expensive, therefore, research
then focused on developing an automated
self-response method called TDE. TDE’s
leading advantages include the ability to
retain the same high response rates as
CATI, operational ease (Werking, Tupek
and Clayton 1988; Phipps and Tupek 1990),
and much lower costs (Clayton and Harrell
1989). The disadvantage of TDE is that only
75-85% of our respondents have touchtone
telephones. The availability of touchtone
service and touchtone phones varies widely
across the states participating in our tests.
For example, of the businesses in Maine and
Vermont, about 55% had touchtone phones.
In California and Alabama, over 90% of the
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businesses had touchtone phones. Thus, the
need to provide inexpensive, convenient
self-reporting by all respondents spurred
BLS to investigate voice recognition tech-
nology.

3. Voice Recognition Systems
Requirements

There were four basic functionality require-
ments. First, the system must be compatible
with the public telephone system. Second,
the system need only recognize the digits
“0” through “9” to capture the numeric
data, and “yes” and “no” to allow respon-
dents to indicate whether the repeated data
were correct. Third, it must be speaker-
independent, meaning that any respondent
would be recognized without prior training
of the system. Some systems, usually those
designed for office dictation, required users
to speak a standard vocabulary for up to 30
minutes prior to actual use. The system
should also recognize continuous speech, so
that a delimiter, such as a defined pause or
tone, does not have to separate each spoken
digit. Continuous speech recognition makes
data entry more ‘“‘conversational” and nat-
ural. Both speaker-independence and con-
tinuous speech are important features for a
system to be used across a broad spectrum
of users (Brooks 1989). Fourth, it must be
sufficiently low in cost to allow testing.
After an extensive search in 1987 and
1988, we could find only one system meeting
these requirements, one which was still in a
prototype stage of development. In a joint
research project, BLS joined with Voice Pro-
cessing Corporation (VPC) of Cambridge,
Massachusetts to test the system in its first
live use. The results have benefitted both
organizations, allowing us to evaluate the
accuracy and public acceptance of this tech-
nology. The VPC Voice system recognizes
the digits “0” (both ‘“zero” and “oh”)
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through ““9,” and the words “yes” and “no.”
While limited, this vocabulary was well suited
for the collection and verification of data
from the CES questionnaire. The recognition
patterns were developed using people from
the American Midwest.

The VPC prototype system used a 386
microcomputer, speech recognizing soft-
ware, the questionnaire software, and a
speech synthesizer for providing instruc-
tions, asking the questions, and repeating
the entries. Other systems using mini-
computers were available, but at seven to
ten times the price.

The current VPC technology includes the
“recognizers” on a board inserted into a
microcomputer, and digitized human voice
phrases for a more natural interface.

4. CASI Methods - TDE and VR

There are several features common to both
of these CASI applications. In both self-
response environments, respondents initiate
the call to report the data at their own con-
venience. A unique identification number
controls respondent access to the system,
and provides the specific questionnaire for
the respondent’s industry. Both systems
provide verification of each data item for the
respondent so that after a respondent enters
data, either by touchtone or voice, the sys-
tem repeats the entry for verification. Three
attempts were allowed before the system
provided a “help” number to call. Manage-
ment information, such as date and time of
call, and call length, was stored as a by-
product of the system. The primary benefits
of TDE and Voice systems are their con-
venience and ease of use for respondents
and the potential cost savings offered over
mail data collection.

The CES TDE system is similar in design
to the touchtone applications currently pro-
liferating in the banking industry and for
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telephone call routing. Following verbal
prompts provided by the computer, respon-
dents enter numeric data from their com-
pleted questionnaires using the number
keys on their touchtone phones. Under
VR, rather than key-entering information,
respondents enter data by simply speak-
ing strings of digits, such as “one two
three one five” to enter “12315” as a
response. Both the written instructions and
the system provided explicit instructions
to limit speech input to the vocabulary of
the system. For example, “if your employ-
ment is four hundred and twelve, say
‘4 1 2°.” Tests without such instructions
encountered problems when respondents
did not know to stay within the system’s
defined vocabulary (Mikkilineni and Perdue
1989).

Neither VR nor TDE perform any editing
during the interview for these tests. As des-
cribed below, we rely on post-collection
edits and reconciliation to insure that clean
data enter the estimation stage.

5. Research Goals and Approach

These feasibility tests of VR were designed
to evaluate whether this method could
maintain the same high response rates, user
acceptance, and data quality achieved under
CATI and TDE.

The following results were drawn from
tests in 1989 and 1990 using existing CES
respondents from the state of Maine. We
chose Maine for two reasons. First, the staff
of the Maine Department of Labor has
effectively participated in all of the CES
research efforts for almost a decade, and
secondly, we wished to test the system in
part of the U.S. with one of the two most
difficult accents for such systems to recog-
nize (the other one is in Louisiana). Virtu-
ally all of the units selected had weekly pay-
roll systems. The length of the payroll
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period is a major determinant of the timeli-
ness of reporting for a time-critical survey
like the CES; respondents with the shorter
pay periods generally have their data avail-
able earlier and can thus report earlier
(Werking, Clayton, Rosen, and Winter 1988).
The first 70 units were selected from those
using the TDE system. Prior to that, these
same units had been collected by mail and
then CATI. By selecting units already using
one CASI system, the conversion to VR was
simplified. Also the characteristics of the
two systems could be directly compared by
knowledgeable users; this also minimized
any potential novelty effects. The test was
expanded in May 1990 when another 55
units were added for a total of 125 units.
These units were converted directly to VR
from CATL

6. Collection Procedures

CASI procedures in the CES are fairly
simple. CES respondents already have a
questionnaire and other survey information
in a special survey folder. When first con-
verting to CASI collection, they received
a respondent instruction package which
includes a toll-free number and instructions.
They also received a practice identification
number that allowed them to access and try
out the system before they reported live
data.

After the respondent’s first use of the sys-
tem, a follow-up interview was conducted.
The purpose of this interview was to find out
whether the respondent encountered any
problem with the system and to elicit any
comments on the system or CASI procedures.
This type of telephone follow-up was first
developed to assess the respondent reaction
to TDE reporting. Respondents were asked
about each step in the reporting process to
identify and resolve problems immegiately.
For the VR tests, similar questions were
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Table 1. Average response rates for preliminary estimates: for respondents with weekly

payrolls in Maine, 1989 and 1990

Collection 1989 1990
method
Response Sample Response Sample
rate (%) size rate (%) size
Voice 92 70 93 113
Touchtone 94 296 95 640
CATI 93 630 94 350
Mail 59 290 64 253

asked seeking to identify issues involving the
VR human-machine interface. These inter-
views did not include a quality control com-
ponent because only one attempt to enter
data had been made. A subsequent analysis
of reported data was conducted at the end
of the year, as described in Section 10, to
address the accuracy of the reported data to
the Voice Recognition system.

During the subsequent months, contact
with respondents was quite limited. Respon-
dents received an “Advance Notice” postcard
in the mail about the time that their data
were usually available and well in advance
of the CES collection deadline. If respon-
dents had not reported as the deadline for
the preliminary estimates approached, survey
staff placed short nonresponse prompting
phone calls reminding the respondents to
report.

7. Response Rates

The primary research goal in assessing the
feasibility of Voice collection was to mea-
sure its ability to retain the very high res-
ponse rates already established under CATI
and TDE collection. Over the two year test,
Voice did maintain the high response rates
experienced under CATI and TDE. Table 1
shows the average response rates for the
preliminary estimates for the period from

August 1989 to December 1990. Because the
length of the pay period is a major deter-
minant of reporter timeliness, this table
compares response rates of weekly payroll
reporters in Maine across all methods. Thus
the response rates compare units with com-
parable payroll systems in Maine, not with
the overall CES sample.

Voice recognition has consistently exceeded
a 90% response rate over the period of the
tests. This consistency suggests that the high
response rates are not due to a novelty
effect. The BLS TDE system, differing from
the VR system only in the “input” pro-
cedure, has sustained high response rates
over a five-year period (Werking and Clay-
ton 1991).

8. Respondent Acceptance

The ongoing high response rates achieved
over the test periods also indicated a high
level of respondent acceptance. Summaries
of the first month follow-up interviews rein-
forced the evidence offered by high response
rates. During the 1989 test, all of the 70
respondents using Voice for the first time
were asked to comment on Voice reporting
and compare it to Touchtone reporting.
About 60% of respondents preferred Voice
to Touchtone, with most citing that Yoice is
easier to use and more natural. About 32%
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preferred TDE; 10% had no preference.
Many new voice respondents felt the inter-
view had a ““‘more natural” flow, since they
did not have to press keys on their phones to
complete the interview. One respondent com-
mented that pressing keys under touchtone
was “work” compared to VR. Respondents
who preferred TDE were likely to have
experienced some sort of recognition or pro-
cedural problem during their first use of the
Voice system.

Interestingly, most respondents reported
that Voice required less time to report than
the Touchtone system when, in fact, Voice
calls were about 20 seconds longer than the
average two minute Touchtone interview,
because of lengthier instructions and
prompts.

9. Problems Encountered

During the first month, 85% of the respon-
dents converted in 1989 experienced no
difficulty using the voice system. The re-
mainder experienced mostly “procedural”
problems, such as calling the touchtone sys-
tem by mistake, losing the toll-free voice
system number, or reporting live data while
using the practice identification number.
About half of the respondents used the prac-
tice identification number to try the system
and found it useful; the other half did not
seem to think it was necessary.

During ongoing collection, after the first
month on Voice, 98% of all interviews were
successfully completed. Only 2% of the
interviews required some type of assistance
from survey staff. In contrast to the prob-
lems encountered during the first month of
voice response, most of the ongoing prob-
lems were due to persistent recognition
problems. During the two years of the tests,
6 respondents out of 125 were returned to
touchtone collection due to these persistent
recognition problems with the prototype
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system. The system could not recognize the
voices of these 6 individuals over the course
of several months. From our follow-up con-
versations, we know that most of these res-
pondents spoke with the Maine “Down
East” accent, and that the system had
trouble with twos and fours, consistent with
the pronunciation differences heard in this
accent compared to that of the Midwest.
By the end of 1990, 113 of the 125 units
were using Voice. Besides the 6 units returned
to TDE, 3 were out of business, and 3 had
refused further participation in the survey.

10. Data Quality: Mode Error

Two major areas of concern that would also
affect the successful use of VR were recog-
nition accuracy and respondent acceptance;
indeed these two are linked as no respon-
dent would accept the system if the system
would not allow them to successfully com-
plete reporting their data. With regard to
accuracy, the system would have to be able
to recognize the speech patterns of a wide
range of respondents, and any limits of the
recognition would have to be acceptable to
respondents. Respondent acceptance was
also a matter of interest - How well would
respondents accept ‘“‘conversing” with a
computer system? Were the procedures used
and instructions provided satisfactory for
accurate reporting? Records of problems
encountered and solutions would provide
rough measures of recognition capabilities
and respondent acceptance.

The use of the VR system entailed evalu-
ating recognition errors and respondent
data entry errors that might introduce an
additional source of nonsampling error
called “‘mode error.” While every collection
method carries the potential for introducing
some error, the choice of methods entails a
comparison of the levels and characteristics
of the errors. '
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To measure the effect of voice collection
on data quality, voice respondents were
asked to return copies of the CES question-
naires they had maintained during the
calendar year. The completed question-
naires were then compared to the data
entered into the voice collection system as a
measure of the respondent’s ability to enter
data correctly, and the system’s ability to
interpret the incoming speech correctly. For
the purpose of this study, the data on the
questionnaires were assumed to be correct.
For 1989, 47 of the 70 units returned the
forms, and 100 of the remaining 113 units
returned the forms for the calendar year
1990.

Each record of data entered into the voice
system contains a number of input data
items: the unique identification number, the
reference month, all employees, women
workers, production/nonsupervisory work-
ers, payroll, hours, and overtime or commis-
sions. Each input data item, except the
identification number, was treated as one
observation. The identification number was
not treated as an observation because cor-
rect entry of this item is required before the
interview proceeds any further; by defini-
tion, it must be correct for all input records.
After each data item is entered, it is repeated
for verification. The respondent was allowed
three attempts if necessary. Each incorrect
data item counted as one error.

The results of the comparison yielded a
very small overall incidence of error. In the
original 1989 study from a total of 1164
observations, 27 observations contained an
error, for an overall error rate of 2.3%. The
1990 study found an annual error rate of
1.3% based on 6463 observations.

These errors can be broken into two cat-
egories: data entry or recognition errors and
procedural errors. The cause and treatments
for each type are different.

383

10.1. Data entry or recognition error

The analysis originally focused on data
entry or recognition errors since it was
expected that these types of errors would be
most prevalent in such a new technology.
Comparisons of the entered data to that on
the questionnaire were inconclusive as to
whether the error was truly a data entry
error or a recognition error. Recognition
errors might be characterized by a predomi-
nance of errors with a particular digit, or
combination of digits. Too few errors were
observed to determine whether one number
was more likely to be in error than others.
Since we could not distinguish between
errors in recognition versus data entry, or
misspeaking, these are defined together.
Only 7 such errors (involving five respon-
dents) were found in the 1989 data (0.6%),
and 35 errors in 1990 (0.5%). In other
words, the entries were accurately entered
and recognized in 99.4% and 99.5% of the
observations, respectively. See Table 2.

Other studies, using different systems
yielded similar results (Wilpon 1985; Wilpon,
Mikkilineni, Roe, and Gokcen 1990).

Determining whether any error rate is
acceptable may be accomplished by com-
paring the error rate with that of alternative
modes. In both Voice and TDE, each data
item is repeated to the respondent for verifi-
cation, providing 100% verification of each
entry. The error rates described above were
comparable to key entry error rates found in
one other study using fully verified key entry
(Lockerby 1989).

We also looked at the timing of the errors.
Table 3 shows the incidence of data entry/
recognition errors by the number of months
using VR. For the units added during 1989,
there appears to be a learning curve after
which recognition errors seem to diminish.
We worked with each respondent that alerted
us to problems, or that we could identify as
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Table 2. Incidence and error rates by type of error in Voice data collected

Error type 1989 1990

Incidence Error rate (%) Incidence Error rate (%)
Data entry or 7 0.6 35 0.5
recognition
Procedural 20 1.7 49 0.8
Totals 27 2.3 84 1.3

having problems. One of the respondents
with problems, accounting for two of the
errors, was returned to TDE collection.

The data for 1990 reflect the newly added
respondents, May through December. The
data do not necessarily show the same pat-
tern, although a review of the data collected
during 1991 may show a decline in the inci-
dence of this type of error.

10.2. Procedure error

A second type of error was discovered that
seem to be related to specification errors to
the respondent. These “‘procedural” errors
include incidences of respondents reporting
“zero” for a data item when a “blank’ (no
answer, no data available) is the correct
entry, an important distinction for the esti-

Table 3. Incidence of data entry|recognition
errors by length of reporting

Number of months Incidence of data

using Voice entry/recognition

errors

1989 1990
First 4 1
Second 3
Third 1 2
Fourth 0 5
Fifth 1 0
Sixth 0 4
Seventh 0 1
Eighth - 0
Respondents 70 113

mation process. Procedural errors also
include instances when legitimate zero
values were left blank, or ““not reported.” In
1989, the error rate for this type was 1.7%,
but only 0.8% in 1990. It was discovered
that the vast majority of these errors in
1989, 17 of 20, were committed by one res-
pondent over several months. After follow-
up with this respondent, the error rate
declined in the following year.

It is important to note that these errors
would usually be identified by post-process-
ing system edits. By comparing the original
VR data file with the file used in the actual
estimates, we found that all were corrected
prior to estimation.

10.3. Comparison of error rates: VR
versus TDE

To further evaluate the errors, we compared
VR results to a similar study of TDE reported
data (Phipps and Tupek 1990). Table 4 shows
the incidence of errors by data type along
with the potential field length. For both
systems, higher error rates were seen for the
data items requiring the most digits. For
example, the payroll item typically has the
largest number of digits, and potential for
error. However, we found the greatest num-
ber of procedural errors with the entries for
payroll and hours. For example, for entries
of payroll, the CES asks for dollars only.
Eleven of the 49 procedural errors found in
1990 were respondents entering cents. Sim-
ilarly, 25 of the 49 procedural errors entailed
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Table 4. Comparison of error rates: VR versus TDE

Data type Maximum field VR TDE

length

Reference month 2 0.7% -

All employees 6 0.5% 1.2%
Women workers 5 0.1% 1.5%
Production workers 5 0.4% 1.5%
Payroll 8 3.1% 2.5%
Hours 7 1.8% 2.5%
Total - 1.3% 1.8%
N (for each item) 6463 1930

entering a zero when a blank was appro-
priate.

11. Solutions

Since most first month respondents reported
without incident, and problems in subse-
quent months were negligible, the respondent
materials providing instructions seemed
to work well. Among those respondents
who experienced some type of problem
during the first month of Voice reporting,
the solution seemed to lie with the res-
pondents themselves. These respondents
took the initiative to solve their own
problems with the system before calling
survey staff for assistance. About half
of all respondents used the practice identi-
fication number prior to live use of the
system.

When encountering a recognition prob-
lem, respondents “trained”” themselves; that
is, they changed their speech patterns and
pace of speech, adapting to the capabilities
of the recognition system. The system allows
three “tries” to correctly recognize voice
phrases for a particular input item. After
three incorrectly recognized entries, the sys-
tem refers respondents to a “help” number.
Respondents often would call the system to
try again rather than call survey staff for
assistance, and would often succeed on the
next report.

For persistent problems, respondents
often took the initiative to call survey staff.
Respondent persistence in solving their own
recognition problems seems to indicate not
only the high degree of commitment to sur-
vey participation, but also an acceptance of
Voice as a reporting method.

12. Costs of Voice Recognition Relative
to Other Collection Methods

Given respondent acceptance and recog-
nition accuracy, costs are the next major
determinant of implementation feasibility.
As in other automation efforts, machines
are used to replace labor intensive tasks.
Both TDE and VR replace many of the
manual activities in a mail survey. Figure 1
lists the major activities involved in data
collection. For each collection method,
arrows indicate the incidence of costs
and the direction of recent cost changes
for each activity. For example, mail col-
lection involves mail-out and mail-return
activities each month followed by data
entry and verification. Under TDE and
VR, these monthly activities are largely
eliminated. Respondents retain the ques-
tionnaire for a year, computer generated
“advance notice” postcards remind respon-
dents to call in each month, and respondents
enter and verify their own data.

While VR reduces many labor intensive
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(Arrows show direction of recent price change)

Cost Category Mail Automated Data Collection
(TDE & VR)

LABOR

Mail out =

M::I n?etum >

Data entry v

Edit and edit reconciliation - i

Nonresponse followup =

NON-LABOR

Postage > —

Telephones ~a

Microcomputers ~a

Recent Annual Price Change Factors
Labor +4.1%
Postage +5.0%
Telephone
Microcomputers

-2.0%
-24.9%

Fig.

costs, new capital costs are incurred, par-
ticularly for telephone charges, the amor-
tized microcomputer technology and systems
design, and ongoing maintenance. As with
most new technological products, initial
costs are high, then as start up costs are
recouped and mass production efficiencies
are achieved, prices drop rapidly. Since the
BLS studies began, the costs of the most
expensive part of the VR system, the recog-
nizer, had dropped to 20% of its original
cost.

The overall cost comparison for the CES
is very favorable (Clayton and Harrell
1989). TDE costs were about 30% less than
current mail costs, with VR costs somewhat
higher than TDE. This cost advantage is
likely to grow over time. The costs of labor
have risen at about a 5% rate annually,
whereas the costs of telephone charges and
microcomputer technology have declined in
recent years.

13. Conclusions

Response rates. Voice collection meets the
high response rates attained under other
automated collection methods (CATI and

ECI, State and Local Government
U.S. Postal Service

CPI-U, Intrastate toli calls
Producer Price Index for 16 bit computers

1. Data collection costs

TDE) and has consistently exceeded the 85%
target rate during each month of testing.

Respondent acceptance. Respondents indi-
cate that they like self-response methods,
and there are indications of preference for
voice reporting over TDE reporting, par-
ticularly when the first exposure to voice
response is free of difficulties.

Problems encountered. Most of the prob-
lems were experienced by first-time callers,
and most of these problems were procedural.
These first-time procedural difficulties can
be reduced with better instructions. Few
data entry/recognition errors occurred; the
incidence rate is comparable to other studies
of data entry error rates, suggesting that
voice data entry does not exacerbate overall
error.

Solutions. Overall, respondents like self-
response and will take initiative to learn
how to use the system effectively. When a
problem occurs that they cannot solve,
respondents will seek assistance from survey
staff, particularly if the problem prevents
them from reporting their data. ‘
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Costs. The costs of automated methods,
even when accounting for amortized research
and development costs, are substantially
lower than mail operations, and this cost
advantage will increase over time.
Implementation. Based on the results of
these tests, the ongoing collection perform-
ance, and the known limitations of the avail-
ability of touchtone phones, Voice Recog-
nition is an essential part of the overall
implementation plan for automating data
collection in the CES survey.

14. Further Research

Additional research of CES data collection
by voice recognition is planned to augment
this study. The study of data collection
method effects on data quality will be
expanded, and Voice and TDE error profiles
will be compared. Data entry error rates will
be monitored to ensure that they do not
exceed those experienced under other data
collection methods currently in use in the
CES. Improved respondent instructions will
be developed to reduce procedural errors.
As more test data become available, long
term response rates, attrition rates, and res-
pondent attitudes will be studied, particu-
larly to compare the Voice results to those
obtained under TDE collection.

Because of the ease of use cited by first-
time respondents, CASI methods are likely
tools for: (1) short repetitive surveys, (2) one
time quick turn-around surveys, and (3)
mixed mode surveys, using CASI with mail,
or CATI/CAPI collection. Testing CASI
applications now is a solid investment in
future survey data collection methods, as
their cost-effectiveness and acceptance by
respondents is likely to increase with time.
Potential cost savings offered by automation
and self-response become more feasible as
the cost of microcomputers and hardware
declines and labor-intensive costs such as
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postage increase. Also, with an increasingly
computer-literate business environment,
user acceptance is likely to grow. Interna-
tionally, commercial voice recognition is
already operating in multi-lingual applica-
tions. Unlike the U.S., the availability of
touchtone service is very limited in Europe,
providing further impetus for VR methods.
Voice recognition research is advancing
rapidly. Speaker-independent vocabularies
are expanding beyond the current limits and
user specified vocabulary can be accom-
modated. In addition, speaker-independent
systems can already recognize numeric
phrases such as “sixty-four” and exclude
non-numeric utterances such as “‘the num-
ber of employees s . . . .”” These new features
are likely to increase respondent acceptance
and recognition accuracy. VR systems are
beginning to appear in the general market
place through the telephone systems, and
for other applications including office dicta-
tion and factory floor data entry (Byford
1990). Many providers of familiar touch-
tone applications are including Voice fea-
tures to augment the existing systems.
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