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Abstract. This paper reports an experiment to investigate
users’ preferences amongst three modes of data entry in an
automated home shopping service: DTMF input on the
telephone keypad, and isolated word (IW ) and connected word
(CW ) speech input. Preferences were measured both by means
of attitude questionnaires and by giving participants an explicit
choice among the three versions of the service once they had
experienced them all. Users’ attitudes to the service with a given
mode of data entry were found to vary according to their
cognitive skills (verbal and spatial abilities) and according to
whether they had previously experienced a different data entry
mode. Overall, DTMF and CW were rated similarly, and were
strongly preferred to IW. Implications of these findings for the
implementation of telephone-based services are discussed.

Introduction

The choice of data entry mode for an automated
telephone service often lies between DTM F (dual-tone
multi-frequency) input using the telephone keypad and
one of two forms of speech input, viz. connected word
(CW), where the user says a string of words following
the service prompt, usually without pauses between
words, and isolated word (IW), where the user says a
single word following a service prompt.

Usability and human factors considerations dictate
that users’ preferences as to the mode of input should
play an important part in the implementation of new
services. This paper presents results from an experiment
aimed at evaluating user preferences among these three
input modes.

User preferences for input mode will depend upon a
complex of factors such as perceived ease of use for
entering data, the accuracy of response by the service
and the perceived naturalness of the input mode as a
medium of communication with an automated service.

The perceived ease of use of the telephone keypad as a
data input mode will depend heavily upon the nature of
the input vocabularies required by the service. Where
the service requires only digit entry or the use of a very
small vocabulary such as ‘yes’/‘no’, the mapping
between vocabulary items and keypresses is direct and
simple. In such cases DTMF may well be perceived as
easy and therefore be the preferred mode of input for
automated telephone services. Where the task requires
larger or more complex vocabularies (e.g. money
amounts or alphanumeric vocabularies), the mapping
from user goal to user action may be so complex as to
make DTMF difficult to use and therefore not the
preferred mode of data entry.

Furthermore, there may be a dislike of DTMF simply
because it involves keying responses on the telephone
keypad. This may arise from a lack of familiarity with
keypads or a failure to perceive the telephone keypad as
a means for making responses during a call.

CW has been claimed to be the most ‘natural’ input
mode because it most nearly approximates to typical
human-human discourse (Lea 1980, Brooks 1989).
Several features of CW input to computers militate
against this view. Firstly, the technology for recognizing
connected speech, especially over the telephone network,
is very error-prone (Waterworth 1984, Wilpon et al.
1990). Hence much of the user’s interaction time with
the service may be spent in error recovery, with the
service asking for repetitions and requiring confirma-
tions of inputs, perhaps associated with irritating
reminders about how and when words should be
spoken. None of this activity takes the user closer to
achieving the user’s task or service goals. Also it is easy
to exaggerate the ‘naturalness” of CW as a mode of
communication with machines. Speaking a sequence of
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words following a service prompt is far removed from
the fluent rhythms of everyday human-human con-
versation (Karis and Dobroth 1991). People can, of
course, learn to adapt to this method of entering data,
but it remains an artificial and learned, rather than a
natural, method of communication. The question
remains whether this mode, once learned, is perceived
as preferable to DTMF or IW.

IW is very definitely not a natural method of
communication. It is therefore an example of using a
‘natural’ medium of communication (speech) in an
artificial and highly constrained way (single, isolated
words). The advantage IW has over CW as far as
communication with computers is concerned is that
recognition error rates are much lower than for CW, at
least when measured per utterance rather than per word
(Wilpon et al. 1990). Users are thus less likely to find
themselves drawn into prolonged error recovery rou-
tines.

Little empirical work has been carried out into the
relative preferences for data entry mode among users of
automated telephone services. Many previous studies
have concentrated exclusively on DTMF-based systems
(Roberts and Engelbeck 1989, Martin et al 1990,
Schumacher 1992), while others have been concerned
only with systems using speech input (Jack et al. 1992,
Rosenbeck and Baungaard 1992). Some researchers
have reported systems incorporating both speech and
DTMEF for different parts of the task, or using DTMF if
available with speech as a fallback, but without making
a direct comparison between the modalities (Levas 1988,
Hammond 1990, Bossemeyer and Schwab 1991). How-
ever, one paper which did attempt to address the issue of
relative preferences was Fay (1993).

Following a series of five experiments into preferences
and attitudes towards DTMF and speech as input
modes, Fay (1993) hypothesized that users’ preferences
depended on the design of the interface into which the
DTMF or speech input was embedded: most users
preferred the input mode, whether DTMF or speech, for
which the interface was originally designed (and there-
fore presumably optimized) rather than the mode to
which it was subsequently adapted. No differences in
preference were found between samples of college
students and of people recruited from a shopping mall,
but correlations were found with subjects’ attitudes to
technology: those who were more positive towards
telephony tended to prefer DTMF, while those who
were more positive towards novel consumer electronics
tended to prefer speech.

The experiences reported by Hornstein (1994) confirm
that the preference between DTMF and speech input
depends on details of interface design. In the first
version of a banking service offering a choice between

DTMF and isolated word input, users preferred DTMF,
but when some problems with the interface were
corrected the preference switched to speech.

The experiment reported in this paper investigated
users’ preferences amongst DTMF, isolated word and
connected word modes for entry of digit sequences in an
automated home shopping service. Each subject in the
experiment used all three versions of the service,
completing an attitude questionnaire after each, and
then made an explicit choice amongst them for a fourth
use of the service. Measurements of subjects’ perfor-
mance in the task with each version of the system were
also taken. The subjects’ personality traits and cognitive
skills were measured using psychometric tests, and the
relationships between these user characteristics and the
attitude and performance measures were explored.

The immediate background to this experiment was a
previous (unpublished) experiment conducted over the
telephone network to compare users’ attitudes to
versions of the home shopping service with IW and
CW speech input. This yielded the unexpected result
that the two groups of subjects who experienced the
different input modes had almost identical attitudes to
the service, even though the recognition accuracy for
both was set at 100% so that the higher rate of errors
with CW input did not occur: under these conditions it
had been expected that CW would be rated better than
IW. To investigate further, it was decided to carry out
another experiment, as reported here, with the same
service and the same 100% recognition accuracy, in
which all subjects would use both versions and then
make an explicit choice between them. The opportunity
was taken at the same time to introduce DTMF as a
third mode of input and compare it with both speech
input modes.

2. Experimental method
2.1. Simulation methodology

The experiment reported in this paper was part of an
ongoing series of experiments using a real-time Wizard
of Oz (WOZ) methodology designed to permit the
investigation of wusers’ attitudes towards simulated
telephone services and the evaluation of the perceived
usability of such services (Foster ef al. 1992, 1993, Jack
et al. 1992). During the experiments, specific features of
the human — computer interface are manipulated and the
dependent variable of user attitude is measured using
questionnaires.

Among the features of the interface which can be
independently modified in the WOZ experiments are a
simulated speech recognizer and a dialogue scheme. One
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of the new features of this work is that it is based on the
parametric simulation of existing speech recognition
technologies. This allows experiments to be carried out
both with current recognition performance and with
recognition performance extrapolated beyond that
currently achievable. In this way, it is possible to
address, among other issues, the shape of the usability
function for automated telephone interfaces for different
levels of recognition performance (Jack er al. 1992).
Modifying the dialogue scheme allows important user
interface and human factors issues to be addressed such
as the impact of voice quality, the degree to which
conventional tone prompts (used in addition to spoken
prompts) influence the progress of the dialogue, and the
impact of dialogue structure and prompting strategies
on users’ responses to the service.

WOZ experiments (Fraser and Gilbert 1991) involve
the use of a hidden operator who, unknown to the
experimental subject, simulates some aspect of the
performance of a computer. In the case of the present
experiments, contact between subject and computer is
over the telephone line. Consequently, it is a relatively
easy matter to ensure that subjects are not aware that a
human being plays any part in the running of the
automated service.

The WOZ experimental configuration which includes
the user/subject, the WOZ operator and the speech
interface software is shown in figure 1. In experiments,
the software control module handles the initiation of
contact over the telephone network, the delivery of the
dialogue prompts to the subject, the registering of
keystrokes by the WOZ operator made in response to
the spoken input from the subject, the on-line generation
of recognition errors when these are required and the
recording of all data on keystrokes and timings. The
WOZ software runs on an IBM-compatible PC with a
plug-in circuit card providing connection to the tele-
phone line.
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Figure 1. The Wizard of Oz experimental configuration.
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This particular WOZ setup differs from many
previous WOZ configurations reported in the literature
(Fraser and Gilbert 1991) in the degree of control it
gives over the experimental conditions. Well-defined
constraints are imposed on the operators who key in the
subjects’ spoken responses, and all other aspects of the
simulated system — the introduction of speech recogni-
tion errors, the dialogue processing, and the speech and
other acoustic output — are entirely under software
control.

Each call begins and ends with short periods of
interaction between the WOZ operator and the subject.
In the initial interaction, the operator delivers a
predefined preamble to introduce the subject to the
task, and makes sure that the subject is ready before
initiating the dialogue with the simulated automated
system. When the dialogue between the system and the
subject ends, the operator is connected to the subject
again for a brief signing-off conversation. The oper-
ator’s microphone is disabled automatically while the
subject interacts with the system to eliminate any
possibility of interference with the dialogue.

The DTMF version of the system differs from the
versions with speech input in that the user’s inputs
(keypresses) are handled automatically by the telephone
interface card, which passes them on to the simulation
software, rather than requiring listening and typing by
the operator. In this case the role of the operator during
the service dialogue is limited to monitoring the
interaction and noting any anomalies that occur.

2.2. Home shopping service

The service simulated in this experiment was a
home shopping service in which the user can order
items from a catalogue by entering appropriate digit
strings. The dialogue begins with a message welcoming
the user and proceeds through three phases of data
entry, in which the user is prompted to enter an eight-
digit customer identification number, an eight-digit
item number and a 16-digit credit card number. After
entry of the customer number or credit card number,
the number recognized by the system is read back and
the user is asked for a yes/no response as to its
correctness. After entry of the item number, the
description of the item from the catalogue is read
back, with its price, and again a yes/no confirmation
response is requested from the user. If the number
does not correspond to any item in the catalogue, a
message stating this fact is played instead. In case of a
negative response to the confirmation question, or an
invalid item number, the current data entry phase is
repeated. When the transaction is complete, the
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description and price of the item ordered are read
back again, for information only.

In the IW dialogue, the user is instructed to enter
each number one digit at a time, following the tones.
Each number is presented in blocks of four digits;
there is a spoken prompt at the beginning of each
block, while the prompts between digits within a block
consist only of tones. If the user speaks over the tone
instead of after it, or says something outside the
permitted vocabulary, which for digit entry consists of
the words ‘one’ to ‘nine’, ‘zero’, ‘nought’ and ‘oh’, the
operator hits a ‘reject’ key, and the system gives an
error message (‘Sorry, I didn’t understand that’) and
prompts the user for the current digit again. In the
case of no input from the user (and therefore no
keystroke from the WOZ operator), the input times
out after a predetermined period and the dialogue
responds with a suitable prompt. After each block of
four digits has been entered, the system reads back the
recognized digits and asks whether they are correct; if
the user says ‘no’, the system requests that block of
digits again. This block-by-block confirmation is in
addition to the confirmation of the whole number or
item details at the end of each phase of the
transaction.

The CW dialogue is similar except that each block of
four digits is to be spoken connectedly after a single
tone. If fewer than four digits have been entered by the
end of the timeout period, or if any non-digit input is
given, the input is rejected and the user is prompted for
the block of digits again.

In the DTMF dialogue, there is a single prompt for
each of the three numbers, which is to be entered as a
single sequence of eight or 16 digits using the telephone
keypad. In this version of the service no tone is played,
and the user can ‘type through’, thereby interrupting the
prompt. If an invalid input is given (for instance if the
user presses the ‘*’ key instead of a digit key), or if not
enough digits have been entered by the end of the
timeout interval, the input is rejected and the user is
prompted for the number again. Confirmation of input
is performed only at the end of each phase of the
dialogue. The confirmation prompt asks the user to
press ‘17 if the information read back is correct or ‘2’ if it
is incorrect.

In each case, up to three attempts to enter a digit
or digit sequence are allowed. If the third attempt is
rejected, the dialogue fails; the user is informed that
there seems to be a problem, and is returned to the
operator. Also, up to three attempts at each phase of
the task are allowed: the dialogue fails if the user
answers ‘no’ to the confirmation question (or enters
an invalid item number) on three successive occa-
sions.

The dialogue specifications were designed to be
realistic with respect to current DTMF and speech
recognition technology. In particular, the requirement
to speak at a specified time (after the tone) in the IW and
CW dialogues is a means of reducing the recognition
error rate, since it is more difficult to detect and
recognize spoken input if it occurs before the end of
the system’s speech output — whereas in the DTMF
dialogue the user is allowed to interrupt the prompts
because this is easier to implement reliably for DTMF
and is a common feature of currently available auto-
mated services. Also the division of the numbers into
four-digit blocks in the speech input cases is designed to
reduce the incidence of dialogue failure due to errors
and uncertainties in the speech recognition: there is a
better chance of overcoming any recognition error when
the recognition is checked and (if necessary) corrected
by the user after every four digits than if correction
depends on a successful entry of eight or 16 digits at
once.

2.3. Subjects

Subjects were recruited from the Edinburgh area
through a market research company. A set of 84 subjects
participated in this experiment. The distributions of sex,
age group and socio-economic grouping (HMSO 1991)
are shown in table 1.

2.4. Procedure and experimental task

Subjects attended the research centre at the University
of Edinburgh individually. On arrival, they first
completed the NEO PI-R five-factor test (Costa and
McCrae 1992) consisting of 240 personality questions.

Table 1. Analysis of subjects by sex, age and socio-economic

grouping. HMSO Scottish categories I to V correspond to

categories A to E in England and Wales, representing

professional, intermediate, skilled, partly skilled and unskilled
occupations respectively.

Socio-economic

Sex Age group grouping

Gender Number Group Number 1-11 nr-v

Male 38 18-38 16 4 12
39-59 10 6 4
60+ 12 2 10

Female 46 18-38 16 4 12
39-59 20 3 17
60+ 10 4 6
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This test, which is not timed but typically takes between
45 minutes and an hour to complete, allowed scores to
be calculated for each subject on five personality traits:
neuroticism, extraversion, openness, agreeableness and
conscientiousness.

Immediately following this, subjects completed the
AH4 Group Test of General Intelligence (Heim 1970)
involving two 10-minute timed tests, one for spatial
ability and one for verbal ability. These are referred to
here as cognitive skills.

After a short break, subjects used the home shopping
service three times, each time with a different input
mode: connected word (CW), isolated word (IW) and
DTMF. Order of exposure to the versions was
randomized in such a way that 14 subjects experienced
each of the six possible orderings. The procedure for
each use of the service was as follows.

1. The experimenter gave the subject a brief descrip-
tion of the home shopping service and the task to
be accomplished with it, including a demonstra-
tion of the data entry method to be used. The
subject was provided with the following printed
reference materials:

e a sheet of paper giving the customer identifica-
tion number;

e a card bearing the credit card number to be used
in the dialogue;

e a copy of the catalogue, consisting of four pages
(one sheet of A3 paper folded to A4 format),
and containing descriptions, pictures and refer-
ence numbers for the 14 items available for
ordering.

The customer number and credit card number
were the same for all uses of the service by any one
subject, but the item to be ordered, which was
specified in the task description given by the
experimenter, was different each time.

2. The experimenter went to another room ‘to start
up the system’; this in fact entailed simply telling
the WOZ operator to initiate the call. When
initiated by the operator, the software called the
number of the telephone that the subject was to
use, and the operator proceeded with the preamble
when the subject answered. Once the call had
begun, the experimenter returned to the subject.

3. The subject used the service while seated at a table
(so that the printed reference materials could be
turned over easily with one hand).

Following each use of the service, subjects com-
pleted a Likert attitude and usability questionnaire. As

a result, mean attitude scores on a seven-point scale
were available for each subject and for all three data
entry modes. Comparison of the results gives a
subjective rank ordering of input modes by each
subject.

After these three uses of the home shopping service,
subjects were asked to select their most preferred version
for a fourth use. The procedure for the fourth use was
similar to that for the first three uses. This part of the
experiment provided a behavioural measure of the
subjects’ preferences.

Finally, subjects were interviewed for about 10
minutes regarding the different versions of the service
they had used as well as their familiarity with and
attitudes towards automated telephone services, com-
puters and technology in general. One of the interview
questions asked them to identify their least preferred
version of the service they had just used. This piece of
information, taken together with their earlier choice of
most preferred version, allowed the construction of an
objective rank order of preference for each subject
which is to be contrasted with the subjective rank
ordering arising from the attitude questionnaire
scores.

2.5. Questionnaire

The questionnaire completed after each use of the
service asked for responses on a seven-point Likert scale
(Oppenheim 1966), from ’strongly agree’ to ’strongly
disagree’, to 32 statements about the version of the
service the user had just experienced. The statements
were designed to cover the set of generic attributes of
automated telephone services identified in Dutton et al.
(1993) as well as the key attributes of the input mode
(speech or keypad, isolated or connected). They were
balanced for polarity so that there were equal numbers
of statements indicating positive and negative evalua-
tions of the service. Most of the statements were the
same for all three versions (DTMF, IW and CW), but
two statements (about the tone) were not applicable to
the DTMF version and were therefore omitted in this
case, and three others varied in their wordings to suit the
different input modes.

The questionnaire responses were converted into
numerical values on a seven-point attitude scale, from
1 (most unfavourable) to 7 (most favourable), allowing
for the polarities of the statements. Thus, for instance, a
‘strongly agree’ response to a negative statement would
be converted to a value of 1. Each subject’s overall
attitude to a version of the service could then be
measured by taking the mean of these numbers across
all the items in the questionnaire.
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3. Results
3.1. Rank ordering — expressed user preferences

The number of subjects selecting each of the six
possible rank orderings of the three input modes is
shown in table 2.

The preferences are heavily biased in favour of both
DTMF and CW. Only one subject chose IW as the most
preferred option while 22 and 61 subjects designated IW
as their second and third choice respectively.

Overall, 45 subjects (53.6% ) most preferred DTMF
(rows 1 and 2), while 38 (45.2% ) most preferred CW
(rows 5 and 6), indicating a slight overall preference in
objective rank ordering for DTMF.

Within the groups most preferring CW and DTMF
there is a difference in distribution with respect to the
least preferred option. In the case of those rating DTMF
as most preferred, nearly all (91% ) rated IW as their
least preferred mode. In the case of those rating CW as
most preferred, there was an approximately equal split
between IW and DTMF as the least preferred mode.
Thus there is a group of subjects who show low
preference for DTMF and rate it even below IW. This
group of subjects is shown on row 6 of table 2 and
amounts to 21.4% of the experiment sample.

3.2. Attitudes and subjective rank ordering

Since each subject completed three attitude question-
naires, one for each of the data entry modes, it is
possible to obtain a rank ordering based on the
questionnaire means. This is referred to here as the
subjective rank ordering. The results are shown in table
3 and can be compared with the objective ordering
results shown in table 2.

As in table 2, each subject is here taken to contribute 1
to the total count. However, some subjects returned the
same mean for two of their questionnaires. In order to
maintain the same total as in table 2 and to avoid losing
information, each of these subjects is taken as making
contributions of 0.5 to two rows in the table, hence the
fractional counts of subject numbers.

As in the case of the objective ranking, the distribu-
tion of preferences is biased in favour of DTMF and
CW against IW. A total of 10.5 subjects ranked IW as
their most preferred option while 21.5 ranked it second
and 52 ranked it as least preferred. A total of 45.5
subjects (54.2% ) most preferred DTMF and 28 (33.3%)
most preferred CW. CW was therefore ranked less
highly subjectively than it was objectively; IW, in
contrast, was ranked more highly subjectively than
objectively.

Table 2. Objective rank ordering of data entry modes.

Most preferred Least preferred Number of subjects

DTMF Iw CwW 4
DTMF CW Iw 41
1w DTMF CwW 1
1w CW DTMF 0
CwW DTMF Iw 20
CW W DTMF 18

Table 3. Subjective rank ordering of data entry modes.

Most preferred Least preferred Number of subjects

DTMF Iw CwW 10
DTMF CW Iw 35.5
1w DTMF CwW 3.5
1w CW DTMF 7
CwW DTMF Iw 16.5
CW W DTMF 11.5

The overall mean attitude score for the DTMF service
was 5.60, for the CW version 5.47 and for the IW
version 5.09. Pairwise related-sample t-tests showed
highly significant differences between DTMF and IW
and between CW and IW (p< 0.001 in each case), but no
significant difference between DTMF and CW.

These results are based on the 30 questionnaire items
which are directly comparable across the three versions
of the service: the responses to the two statements about
the tone prompt, found only in the IW and CW
questionnaires, have been omitted from the calculations.
With all 32 questionnaire items included, the mean
attitude score for CW was 5.44, and for IW 5.04. The
drop in the scores with the full set of statements is due
mainly to the relatively negative attitudes expressed in
responses to the statement ‘I didn’t like the beep’.

3.2.1. Subjective rank ordering as a predictor of
objective rank ordering: Given that this experiment
produced data on both subjective ranking (question-
naire) and objective ranking (behaviour), it is possible to
measure the relationship between the two rankings, and
in particular to evaluate how effective the questionnaire
is in predicting user preferences as expressed in objective
behaviour. This is a measure of the objective validity of
the attitude questionnaire.

For 58 of the 77 subjects whose questionnaires yielded
a single best-ranking input mode, this mode was the one
chosen explicitly as most preferred. Of the other seven
subjects, five chose one of the two modes rated first
equal in their questionnaires. Thus, counting the
prediction success as 1 for the former subjects and 0.5
for the latter ones, the prediction of behaviour (choice of
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most preferred mode) from questionnaire responses was
72% accurate.

Analysis of the results reveals a marked variation in
prediction accuracy across input modes. None of the
10.5 subjects who scored IW most highly in their
questionnaires chose this mode for the fourth use of
the service, whereas 23.5 (84% ) of the 28 scoring CW
most highly and 37 (81% ) of the 45.5 scoring DTMF
most highly selected the same mode for the fourth use.

The accuracy of prediction of the explicit choice of
least preferred mode from the subjective rankings was
70% ; the rate of correct prediction of the full objective
rank order was 55%.

The correspondence between the questionnaire results
and the expressed preference ranking is certainly better
than random, and so provides a degree of validation of the
questionnaire. However, the mismatch between the
subjective and objective rankings of the IW service for
some subjects suggests that further investigation and
perhaps refinement of the subjective attitude measure-
ment (for instance to use a weighted mean of the responses
to the questionnaire statements) might be desirable.

3.3. Order of use and user attitudes

It may be the case that attitude to one input mode is
affected by exposure to other modes. Since in this
experiment each subject experienced all three modes, the
presence of such an interaction can be investigated.
Figure 2 shows attitude questionnaire means against
order of exposure for each input mode.

One-way ANOVAs taking order of use as the
categorical variable and mean attitude as the dependent
variable for each input mode showed no significant
effect of order of use on attitude to CW or DTMF.

6
5.8
5.6
5.4

5.2

Mean Attitude

Scores 51

4.3

4.6 +
44 + s - CW
W
427 — & — OTMF
4 + {
1 2 3
Qrder of Use

Figure 2. Mean attitude score (based on 30 questionnaire
items) against order of use.

There was however a significant effect of order of use on
attitude to IW (p< 0.01).

This result is particularly interesting both in corro-
borating the unexpected result obtained from the
previous experiment (mentioned in section 1) and in its
implications for the design of services for novice and
experienced users. IW received the same mean attitude
score for novice users as CW and only slightly lower
than DTMF. This indicates that users with no previous
experience of automated telephone services adopt very
similar attitudes irrespective of input mode, a fact which
explains the lack of difference in attitude found towards
CW and IW modes in the previous experiment.
However, as soon as subjects had experience of different
input modes, IW was judged to be significantly less
usable than CW or DTMF.

Further analysis showed no significant difference in
the attitudes of the subjects using IW as their second
version of the service between those who had used the
CW version first and those who had used the DTMF
version.

These results offer a partial explanation for the
observation in section 3.2 that IW was more highly
ranked relative to the other modes in the questionnaire
responses than in the objective choice. Subjects completed
the questionnaire for each version of the service immedi-
ately after using it, and therefore in some cases without
having experienced any other version, whereas the explicit
choice amongst the versions was made after experience of
all three. However, this does not account fully for the
difference in the subjective and objective rankings, since
only five of the 10.5 subjects for whom IW was first in the
subjective ranking (but not chosen objectively as most
preferred) experienced the IW mode first.

3.4. Cognitive skills

The AH4 Group Test of General Intelligence is
standardly given in two parts: the first part tests verbal
ability, and the second tests spatial ability. The positive
correlation between the two sets of scores across the
subjects in this experiment was high (Pearson r = 0.78),
a finding typical of the population at large.

For the purpose of carrying out ANOVAs based on
verbal or spatial ability as the categorical variable, the
scores were converted to a binary distinction between
high and low for each test, the former being defined as
the upper half of the sample distribution, the latter being
the lower half of the sample distribution.

3.4.1. Verbal abilities: Figure 3 shows the mean
attitudes to CW, DTMF and IW input modes for low
and high verbal abilities.



Data entry methods for automated telephone services 89

The attitudes for CW and IW were negatively
correlated with verbal ability, while the attitude towards
DTMF was positively correlated with verbal ability.
However, ANOVAs showed that the difference in
attitude between the low and high ability groups was
not significant for any of the input modes.

3.4.2. Spatial abilities: Figure 4 shows the mean
attitudes to CW, DTMF and IW input modes for low
and high spatial abilities.

This showed a similar pattern to verbal ability, but
with two important differences. Firstly, the mean
attitude to DTMF was negatively correlated with high
spatial ability. Secondly, the ANOVA result showed a
highly significant difference between the low and high
spatial ability groups for CW (p< 0.005).

3.4.3. Cognitive skills and relative attitudes: The ana-
lyses above explored the effects of verbal and spatial
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Figure 4. Mean attitude score (based on 30 questionniare
items) against subject’s spatial ability level.

ability on attitudes to each input mode taken singly.
Further analysis was carried out on the subjects’ relative
attitudes to the different input modes, as measured by
the per-subject between-mode attitude differences, to
investigate how the preferences between modes of input
varied with the level of cognitive skill.

Within each group of subjects (high or low ability,
verbal or spatial), related-sample ¢-tests showed sig-
nificant attitude differences (p<0.01) between DTMF
and IW and between CW and IW, with attitudes to the
IW service being consistently lower. For subjects with
high cognitive skills (verbal or spatial), there was also a
significant difference (p<0.01) between DTMF and
CW. ANOVAs on the relative attitudes showed that
the difference in the DTMF-CW relative attitude
between the low and high ability groups was significant
(p<0.005), whether based on verbal or spatial ability;
the differences in the other relative attitudes (DTM F-IW
and CW-IW) across ability levels did not reach
significance. The pattern can be seen in figures 3 and 4
where the divergence between the means for DTMF and
CW is evident in the high ability groups.

These results may be summarized as follows. Firstly,
all subjects, whether of low or high cognitive skills, rated
IW significantly worse than either DTMF or CW.
Secondly, subjects high in cognitive skills significantly
preferred DTMF over CW. Thirdly, the difference in the
DTMF-CW preferences between the low and high
ability subjects was significant.

3.5. Personality

For each of the five personality factors measured by
the NEO PI-R test, the subjects were divided into high
and low scoring groups as in the case of the cognitive
skills, and ANOVAs were performed with the per-mode
attitudes and pairwise relative attitudes as dependent
variables.

The only significant result was for the factor agree-
ableness. The low-agreeableness subjects had a signifi-
cantly higher preference for DTMF relative to CW than
the high-agreeableness subjects (p< 0.05).

3.6. Other subject characteristics

For each input mode, a one-way ANOVA was
performed with age group (as shown in table 1) as the
categorical variable and attitude as the dependent
variable. No significant variation of attitude with age
was found for any of the three input modes.

A similar series of ANOVASs was carried out with the
sex of the subject as the categorical variable. Again no
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significant difference was found for any of the input
modes. The mean attitudes of male and female subjects
were very similar for each input mode.

3.7. Performance measurements

Although the main focus of this experiment was on
users’ preferences, two aspects of the subjects’ perfor-
mance in using the service were also measured and were
examined for effects of input mode and user character-
istics — namely call duration and number of user errors.

3.7.1. Call duration: The mean call duration for all
subjects when using DTMF was 114 s; when using CW,
156 s; and when using IW, 173 s. The longer times taken
with the speech input modes reflect not only any differences
in the inherent speed of dataentry but also the differences in
the dialogues, which involved more prompts and confirma-
tions for IW and CW than for DTMF.

ANOVAs revealed significant differences between the
low and high verbal ability groups for CW (p< 0.01) and
for DTMF (p<0.001), but not for IW. The results for
the low and high spatial ability groups were similar
though the significance for CW was lower (p< 0.05). In
each case the mean DTMF or CW call duration was
shorter for the high-ability group.

A significant difference among the age groups was
found for DTMF (p< 0.001), but not for CW or IW. The
mean DTMF callduration was greater for the 60+ group
(127 s) than for the younger groups (108 s and 110s).

No significant call duration differences were found for
sex or personality.

3.7.2. User errors: The mean number of user errors
(missing or invalid inputs) per call was 0.27 for DTMF,
0.33 for CW and 0.62 for IW. Related-sample ¢-tests
showed significant differences between the error counts
for DTMF and IW (p<0.01) and between those for CW
and IW (p<0.05).

For each input mode, one-way ANOVAs were
performed for the numbers of user errors with the
various individual characteristics as categorical vari-
ables. No significant effects were found for verbal or
spatial ability, personality, age or sex for any of the
input modes.

4. Discussion

4.1. General remarks

Conclusions may be drawn from a study of this kind
at different levels of generality.

Results as to the overall preferences amongst input
modes have a direct practical application in determining
the choice of data entry mode, provided that the service
dialogue in view is sufficiently similar to the one used in
the experiment. However, caution is in order in
extrapolating from these results since, as mentioned in
section 1, the choice of input mode may vary with the
type of data to be entered, with the dialogue strategy
and with the level of recognition accuracy available for
speech input.

Specifically, this was a best-case comparison in the
sense that 100% accuracy was adopted for both speech
input modes; the results for IW and CW are therefore
upper bounds on what would be attained with real
recognizers and the same dialogue design. The choice of
100% accuracy here was dictated by the background
mentioned in section 1: the previous experiment had
shown no advantage of CW over IW mode at 100% and
it was desired to investigate this unexpected finding
before proceeding to lower accuracies. Further experi-
ments with both speech input modes at lower accuracies
would be desirable, now that a difference has been
established at 100% to see at what point the preference
switches in favour of IW because of the more severe
effect of imperfect recognition technology in the CW
case. (Jack et al. (1992) reported results at a range of
recognition accuracies, for IW only, with a simple digit
entry task. At 100% accuracy the mean attitude score
was 5.88; this fell to 5.27 at 95%, 4.99 at 90% and 4.96
at 85% . The percentages here are nominal accuracies of
effective digit recognition, after querying or reprompting
in cases of uncertain initial recognition; the true effective
accuracies were about 3% lower, except in the 100%
case, because of occasional errors in recognizing ‘yes’
and ‘no’.)

While the use of 100% accuracy throughout would
tend to make this comparison unrealistically favourable
towards speech, there were also features of the dialogue
designs which favoured DTMF. The DTMF dialogue
allowed interruption of prompts and required less
confirmation of entered data than the speech input
dialogues. With accurate enough speech recognition and
echo cancelling technology, it would be possible to
introduce these advantages into the speech input
versions of the service as well.

There are also practical issues in the use of DTMF
which fall outside the scope of the present experiment,
arising from the fact that some users do not have DTMF
telephones, and from the adverse affect in other cases of
having the keypad on the handset which makes the
combination of listening and keying difficult.

In contrast, the differences in preference observed
between novice and experienced users and between
subjects with different personal characteristics can be
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expected to hold more generally, in that the directions of
the effects due to these factors will be the same across a
wide range of applications and dialogues.

4.2. Preferences between DTMF and speech

An important finding in this experiment is the
existence of a substantial minority of subjects who
did not like DTMF as an input mode. The tasks in this
simulated home shopping service required the entry of
digits only (except for yes/no confirmations). It would
seem therefore that they were well suited to DTMF
input. Nevertheless, 21% of the subject sample
identified DTMF as their least preferred mode, ranking
it even below IW, which on the whole was rated poorly
in this experiment. This suggests that in the develop-
ment of new automated services, people who might
choose not to use DTMF ought to be taken into
account by offering speech input (preferably CW if
accurate enough) as an alternative either directly or via
multimodal options.

4.3.  Order effects

The order effects explored in this experiment are of
particular interest both for their consequences for future
experimental designs and for their implications with
regard to the development of automated services.

The experiment established that all three input modes
are similarly well rated by novice users, a fact which
explains the results obtained in the previous experiment
where the attitudes to CW and IW at 100% recognition
accuracy were almost identical and no statistically
significant difference could be established between them.

When users have experience of more than one input
mode, however, they rate IW substantially worse than
either DTMF or CW. This result has important
consequences for the implementation of services, as it
suggests that users who are already familiar with either a
CW or a DTMF service will adopt a more negative
attitude towards a new service offering IW input only.

4.4. Cognitive skills

Verbal and spatial reasoning skills are a variable in
the potential user population of any automated tele-
phone service. It is therefore of interest to know whether
differences in these skills interact with attitudes to
services for different input modes. This issue can be
addressed in different ways depending upon the per-
spective adopted.

For example, it might be proposed to target an
automated telephone service at a user population which
is believed to be very diverse with regard to the levels of
cognitive skills of its members. If the service designers
are constrained to adopt a specific data input mode (for
example, CW because of the lack of availability of
DTMF telephones), they will want to know if there is a
relationship between level of cognitive skill and attitude
towards the service for that input mode. Results
reported here suggest that attitude to CW input mode
is affected by level of cognitive skill whereas attitudes to
IW and DTMF are less affected.

On the other hand, a service provider may have in
mind a specific user population which is fairly homo-
geneous with regard to levels of cognitive skill. In this
case, the service designers will want to know the most
appropriate input technology to use in order to provide
the best level of satisfaction for that population. Results
indicate that for both groups, attitudes to IW are lower
than attitudes to DTMF or CW and that, in addition,
the group with high cognitive skills shows a better
attitude to DTMF than to CW. While the overall
balance of preference between DTMF and speech input
may vary with the type of transaction and the form of
the data to be entered, the tendency for high-ability
users to be more favourable to DTMF relative to CW
than those of lower ability seems likely to persist.
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