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Recent improvements in speech technology have made synthetic speech a viable I/O altema-
tive. However, little research has focused on optimizing the various speech parameters which in- _
iluence system_performance. This study examined the effects of speech rate, message repetition, and .
the placement of information in a message. Briefly, subjects heard messages generated by a speech
synthesizer and were asked to transcribe what they had heard. After entering each transcription,
subjects rated the perceived difliculty of the preceding message, and how confident they were of
their response. The accuracy of their response, system response time, and response latency were
recorded. .

Transcription accuracy was best for messages spoken at 150 or 180 wpm and for messages
repeated either twice or three times. Words at the end of messages were transcribed more accurately
than words at the. beginning of messages. Response latencies were fastest at 180 wpm with 3 re-
petitions and rose as the number of repetitions decreased. System response times were shortest
when a message was repeated only once. The subjective certainty and difiiculty ratings indicated j
that subjects were aware of errors when incorrectly transcribing a message. These results suggest
that a) message rates should lie below 210 wpm, b) a repeat feature should be included in speech
interface designs, and c) important information should be contained at the end of messages.
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Introduction I

Synthesized speech refers to the generation of speech by computer. Synthetic speech has been -
used in a variety of applications including a Telephone Enquiry Service for stock availability, price,7
and delivery (Witten & Madams, 1977); train timetable information (Waterworth, 1984); city in-

formation for Austin, TX (Thomas, Rosson, Chodorow, 1984); a Speech Filing System for voice

messages activated via telephone (Gould & Boies, 1983); helicopter cockpit warning messages

(Voorhees, Bucher, Huif, Simpson, & Williams, l983);iand any variety of text·to·speech systems A
for the blind, vision impaired, or illiterate.

Speech systems have many advantages over visual 1/O systems, one of the most obvious being

remote telephone access to information. Synthetic speech systems obviate the need for a human

operator to answer routine information requests or to attend to phone calls. Synthetic speech can ~

deliver information to a user not only during the day, but at night and from halfway around the

world. In some cases, synthetic speech is the only solution to a systems design problem due to the

expense of employing a person to receive and process I/O transactions. Synthetic speech is very

versatile, relatively inexpensive, and easily maintained. However, problems associated with syn-

thetic speech technology include poor speech intelligibility (Pisoni and Hunnicutt, 1980; Greene,

Manous, & Pisoni, 1984) and a possible increase in short term memory requirements for listeners
”

(Nusbaum, Dedina & Pisoni, 1984).
I
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Acknowledging the poorer intelligibility of synthetic speech, Nusbaum, Dedina and Pisoni

(1984) have studied the question of whether synthetic speech is simply equivalent to natural speech

heard in a noisy environment, or whether it is perceptually impoverished relative to natural speech.
V Humans are quite adept at producing and perceiving speech clues such as pauses, changes in pitch,

and syntax and contextual constraints. In rule-generated speech, only a small number of all such

possible clues are actually encoded in the algorithm. Thus, someone listening to synthetic speech

has fewer voicing clues with which to work. „

Inuthe Nusbaum, et. al. study, subjects responded to presentations of nonsense syllables by
’ indicating which syllable they heard. The syllables were produced by one of three different rule-

generated speech synthesizers or by a human voice, and were heard at four different signal to noise

(S/N) levels. Their results showed that the perceptual confusions which occurred for natural speech ‘

under high S/N levels were different from the confusions which occurred for synthesized speech.

Nusbaum et. concluded that synthetic speech is impoverished in its ability to irnitate all of the

nuances of natural speech. Synthetic speech, because of this impoverishment, is more difficult to

perceptually decode and comprehend. Advances in speech technology, however should make this

less of a problem in the future.

Luce, Feustel, & Pisoni (1983) have suggested that comprehension of synthetic speech places

a greater cognitive load on the listener tha.n comprehension of natural speech. While cognitive

loading may be of concem in some applications, there are a great number of applications where

cognitive overload is not a problem, and where unintelligible utterances can be repeated, spelled

out or verified in some other matter.

Given then, that synthetic speech is a viable I/O option, the question arises as to how best

configure a synthetic speech system to optimize system _performance. Obviously, one wants the

system to be intelligible and easy to use. This research focuses on the former of the two -- how to

improve system intelligibility. However, before proceeding into the current study, a brief review
of speech technology is in order.
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Digitized versus Rule-Generated Synthesized Speech

Two methods of generating synthetic speech are currently used, digitizing human speech or
generating speech by rule. Digitized speech is produced by digitally encoding speech produced by
a human. The quality of digitized speech depends, to a great extent, on the sampling rate. Sam-
pling natural speech at 7 bits/sec will capture much more of the original tonal inilection and
enunciation than sampling the speech at 2 bits/sec. Although digitized speech sampled at a high
rate is generally more intelligible than rule-generated speech, there are several drawbacks to this
metl1od. First, as the sampling rate increases, the memory needed to store the speech also increases.
Second, all possible messages must be previously digitized and stored in the system. This decreases
system flexibility and further increases the necessary storage space in memory. Finally, new mes-
sages or changes in old messages must be digitized and stored before becoming available for systemuse. l V V ·

Rule-generated speech does not use the human input, digitization and storage method of
digitized speech. Instead, it uses a series of algorithms to deterrnineithe correct pronunciation,

rhythm, stress and tone of any desired message. In this form of. speech generation the pronuncia-
tion of messages need not be stored in memory, only the text of the message is needed. Thus,

adding new messages or changing old ones is simply a matter of typing in the desired corrections.
These systems, often called text·to-speech systems, are able to pronounce anything which can be
read -- thus, they can read aloud input from a computer file or enunciate whatever is entered on a
keyboard. Unlike digitized speech, they are not limited to messages which have been previously
spoken, encoded ma stored in memory.

Rule-generated speech synthesizers are not without fault, however. As with most computer

simulations, their speech output is only as good as the algorithms used to produce it. Thus,

problems arise over the use of abbreviations (”Dr." for "drive” or "doctor") and other printed sym-

bols which are read as words (”-" for "dash” or ”minus"). There is also the problem of stress in
words which are spelled the same but pronounced differently depending on context ("Will you readIntroduction 3



the book ’ vs "Have you read the book"). Finally, it is very difficult to generate a natural sounding
voice. A11 rule based synthesizers tend to pronounce "I am furious!" with the same intonation as
"I love you!”. Nonetheless, for most applications rule-generated speech systems are usually preferred
to digitized speech systems because of their inherent message flexibility.

‘ Experimental Overview

This study used rule-generated synthesized speech to examine the effects of message speed and
repetition on message intelligibility. Message intelligibility was determined by the accuracy of
subject’s transcxiptions of each message. In addition, after each message subjects rated the certainty
of their transcription and their difficulty in understanding the message. System response times and
response latencies were also recorded.

V

Purpose
i

The purpose of this study was to examine the degree to which message rate and repetition af-
fect message intelligibility and whether there is an interaction between the two effects. In addition,
an area of optimum rate and repetition was identified to be explored in future research. A second _
purpose was to determine whether the placement of information within a message affected the in-
telligibility of the information. This indicates how messages should be constructed to optimize in-
telligibility. A final purpose was to examine how rate and repetition affect response latencies to
synthetic speech, and system response times.
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Literature Review

Speech Evaluation Tests .

Several articulation tests are traditionally used in evaluating synthetic speech. The earliest of
these was developed by Fletcher and Steinberg in 1929 at Bell Laboratories for use in evaluating
the burgeoning field of telecommunications. Their test corrsisted of transcribing one syllable, non-
sense words (Fletcher & Steinberg, 1929). The words lists were constructed to represent all of the

most commonly used vowels, and beginning and end consonants. These lists are commonly known
as CVC lists after the construction of the list elements, Consonant + Vowel + Consonant. By
using CVC lists, one is able to identify which consonants and vowels are least intelligible, and
whether their intelligibility depends on the preceding or following letters. Other CVC lists have also
been developed by Egan (1942) and Hirsh, Davis, Silverman, Reynolds, Eldert and Benson (1952).
Egan’s lists present each sound in accordance with the proportion of times it naturally occurs in
English, this is known as a phonetically balanced (PB) list. Egan’s lists are also known as Harvard
PB lists because they were developed at the Harvard Psycho-Acoustic Laboratory.

A second common articulation test is known as the Rhyme Test (Fairbanks, 1958). In this
test, subjects are given a single syllable word stem and then hear a word which uses that stem.
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Subjects are then asked to identify the initial consonant that they heard. For example, a subject

would have been given the stem "-ot" and might hear "hot”, ”pot", or "1ot”. After completing the
I

test, it is possible to isolate which initial consonarxts are less intelligible due to pronunciation and

or coarticulation with following vowel sounds. Rhyme Test lists have been constructed to include

words in accordance with their frequency of use in writtenEnglish. One advantage of the Rhyme

Test over CVC and PB lists is that all words used in the Rhyme Test are actual English words as

opposed to nonsense words.

House, Williams, Hecker and Kryter (1965) have developed a Modified Rhyme Test which

differs from Fairbank’s test in two ways. First, the lists are not balanced phonetically or in ac-

cordance with the frequency of occurrence in written English. Second, subjects in this test choose

the spoken word from a list of six alternatives. This is known as a closed response set test. In _
general, intelligibility scores for the Modified Rhyme Test are higher than that for the Rhyme Test

due to the narrowing of possible answer choices for each test stimuli (Miller, Heise and Lichten,

1951). .
i

l ,

Sentence testing is also used to evaluate synthesized speech output. Although several special-

ized tests of this type exist (Huggins & Nickerson, 1985), the Harvard Phonetically Balanced Sen-

tences and the Haskins Laboratory Syntactically Normal Sentences are most cornmonly used. Each V_
of the Harvard sentences contain 5 key words and cover a variety of syntax constructions (Egan,

1948). Intelligibility of these sentences is scored by recall of the key words in the sentences. An
l

example of a Harvard sentence is, "The blue ship sailed across the ocean." The Haskins Syntac-

tically Normal ”nonsense” sentences were modified for general use by Nye and Gaitenby (1974).A

Although these sentences are syntactically correct (The acüective rzoun verb the noun), they are not

meaningful. An example of a Haskin’s sentence is, "The yellow voice rang the bat/’ 1

By using the I—Iarvard and Haskins sentences, it is possible to isolate context’s contribution to

sentence intelligibility, from the contribution of syntax structure. Because the Harvard sentences

provide fewer altemative responses for an unintelligible word (i.e. the word in question must make _
° sense in the sentence), intelligibility scores for the Harvard sentences are greater than those for the

Literature Review 6
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Haskin sentences given a particular synthesizer (Pisoni and Hunnicutt, 1980; Greene, Manous and
Pisoni, 1984).

One problem none of these tests address, from CVC lists to Haskin sentences, is the effect of
pragmatic context on speech and message intelligibility. Given a situation, such as a cockpit, there
is a very constrained set of messages one expects to hear. Furthermore, one can interpret a message
based on if it is: a) the response to a query ("What is the weather?’); b) if it pertains to an immediate
situation (i.e. landing instructions); or c) if it is a mission specific update ("Nearing the Alaskan
border."). This pragmatic information plays a vital role in message comprehension ·· yet none of
the traditional speech testing methods incorporates this aspect of a speech system in the evaluation

I
of the speech.

Speech System Parameters _ ‘

As opposed to examining synthetic speech articulation in and of itself, there is another body
of research devoted to examining how system parameters affect synthesized speech intelligibility.
Examples of such system parameters include: speech rate and pitch, spacing and length of pauses
between words or sentences, different stress rules, repetition of messages and accuracy, context ef-I
fects on intelligibility, warning tones prior to messages, perceived naturalness of speech, noise and

auditory fatigue, training, and message construction effects. A brief review of research in those areas

V pertinent to this research is included below.
I

Context 4

The previous review of articulation testing methods has indicated the strong effect contextual
and pragmatic clues may play on speech intelligibility. Miller, Heise and Lichten (1951) explored
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three level of contextual clues, (a) knowledge of a constrained response set as in the Modified

Rhyme Test, (b) context supplied by the sentence, and (c) context supplied by knowing the item

is a repetition of the immediately preceding item. Miller et. al. had subjects identify words under

a variety of S/N conditions. The words were drawn from response sets of 2, 4, 8, 16, 32, or 256

j words and included an unbounded condition. As expected, the smallest response set had
the.

highest intelligibility proceedirrg in order to the unbounded response set which had the lowest in-

telligibility for each of S/ N levels. Words in a meaningful sentence context were shown to have

higher intelligibility than those same words in isolation. Finally, Miller et. al. found repetitions

of a monosyllabic test word increased word intelligibility by about 5%. They hypothesize that if

subjects believe that they heard a word correctly, they persist in that belief. lf, however, they did

not hear a word correctly, they are unable to identify it even after hearing the item repeated. _

McPeters and Tharp (1984) found that sentences rich in contextual information had high in-
. telligibility scoresr even when incorrectly pronounced and stressed. They attribute this increased

intelligibility to the context supplied by- the sentence and suggest that context can overcome many

synthesized speech problems associated with message stress and coarticulation. Rosson (1985) had

subjects transcribe both sentences and words produced by a speech synthesizer. Transcription ac-

curacy for the sentences averaged 71% while transcription accuracy for the words was only 42%.

This occurred even though the subjects transcribed the sentences first and heard both the sentences

and words on the same synthesizer. The difference in accuracy rates was attributed to the lack of

context in the word condition.

Merva and Williges (1986) manipulated contextual information by supplying groups of sub-

jects different levels of pragrnatic context. One group heard messages on a variety of subjects, an-

other saw a word describing the pragrnatic context of the message before hearing it, and a third saw

both the pragrnatic context during the study and had read each of the messages beforehand. They
L

found that pragrnatic contextual knowledge reduced transcription error by 50% from the No

Context to Context condition. Pre-knowledge of the messages reduced errors another 50% from

the Context condition results.
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Context plays a huge role in aiding message intelligibility. Fortunately, when using synthesized
speech in a system one is immediately allowing context (both sentenial and pragmatic) to enter into
message comprehension. In the present study, all messages were of the type that one might hear
in a bookstore. The pragmatic context of a bookstore was selected because of the flexibility and _
variety of the messages which might occur in that location. The subjects of the study, college stu-
dents, were all familiar with bookstores. In addition, the messages heard conformed to a standard
syntax thus providing subjects with syntactical and sentenial clues.

Training

Training significantly influences the ability to interpret synthesized speech. Jenkins and

Franklin (1982) studied the transcription accuracy of sentences produced by synthesized and natural
speech. Subjects heard and transcribed the test sentences once, and then immediately repeated the
test. One group of subjects heard the sentences spoken by a natural voice. A second group heard

them from a synthetic voice, while a third heard the synthetic voice and also had heard 20 practice _

sentences spoken by the synthetic voice the week before the test. On the first repetition of the test,
the accuracy of the natural speech group (96%) was significantly different from that of both syn-
thetic speech groups (90 and 86 % accuracy). However by the second test repetition, there was

no significant difference between the natural speech group which had 98% accuracy and the syn-
thetic speech group with practice which had 96% accuracy. The synthetic speech group without

practice was still significantly different from the other two groups. ,
Similar results were found in a more extensive study conducted by Schwab, Nusbaum and

Pisoni (1985). Subjects were tested with PB lists, the Modified Rhyme Test, and Harvard and
’ Haskin sentences. All subjects were tested on day 1 and day 10 with the synthetic speech. On days

2 through 9, one group of subjects received training on the tests with synthesized speech, another

group received training on the tests with natural speech while the third group served as a control.

By comparing the test results for days 1 and 10, Schwab et. al. were able to separate the effects of
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voice training from that of familiarity with experimental procedures. They found that on all tests,
the synthetic speech practice group significantly improved performance between days 1 and 10 .
However, neither the control or natural practice group improved during the intervening days
proving that familiarity with the experimental procedures was not a factor. In fact, they found no
evidence of the synthetic speech group reaching asymptotic levels of performance even by day 10.
Apparently the group was still learning even after ten days. Schwab et. al. also tested some of the
same subjects 6 months later and found that the synthetic speech practice group still had perform-
ance levels above their baseline tests of day 1. Thus, training with synthesized speech appears to

be retained for quite some time.

Rosson (1985) had subjects transcribe 40 sentences produced by synthetic speech. The entire

transcription task took 20 minutes. Transcription accuracy for the first 20 sentences averaged

63.5%. Transcription accuracy for the second set of 20 sentences averaged 79.8%. Thus, with less

than 20 minutes of training on synthetic speech, error rates fell from 36.5% to 20.2%.

Finally, Merva and Williges (1986) found that learning occurs even within a 45 minute expo-

sure to synthesized speech. In this study, subjects transcribed 30 sentences divided into three groups

of 10. Presentation was balanced such that half the subjects heard one group of sentences in their

first 10 trials and the other half heard the same group in their last 10 trials. They found that 50%

of the cumulative errors in the experiment were made in the first 10 trials, and 30% in the final 10

trials even though the messages had been balanced. Again, no signiiicant asymptotic performance

level was reached. Thus, even a very short exposure to synthetic speech will improve system in-

telligibility.

ln the present study, subjects listened to nine introductory sentences spoken with the DECtalk.

The nine introductory sentences provided subjects some practical exposure to synthetic speech be-

fore the testing began. These nine sentences are similar to introductory messages for novice system ·

users in real environments (i.e. "Hello, you have reached the ABC Warehouse Distributing Com-

pany...."). Thus, this is a very realistic simulation of what a walk·up user might hear when en-
countering synthetic speech for the first time.

Literature Review I
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Repetition

As mentioned previously, Miller, Heise and Lichten (1951) found a slight increase in accuracy

for recall of words repeated more than once. Mackworth (1965) investigated the effect of repetition

on recall of strings of letters or digits. Over four experiments, Mackworth found that repetition

significantly improved performance for recall of slow rhythmic or fast rhythmless stimuli. This

difference was attxibuted to the ability to learn successive chunks of a message with each repetition.

Although Mackworth was not concerned with intelligibility, his results do point to the fact that

repetition does not improve retention for all classes of stimuli. The direct effect of repetition on

message intelligibility has yet to be quantified, although a Repeat mode has been included in speech

system design guidelines (Thomas, Rosson & Chodorow, 1983). g
l

There are several differences between hearing a human repetition of a message and a mechan-

ical repetition of a message. When people are asked to repeat something they said, often they will

reword their statement or emphasize it in a manner different from the original. With synthetic

speech, however, each repetition is exactly like the previous version. If the user did not understand

the message because of noise, then repetitions will help. lf, however, the message was not under-
A

stood because of pronunciation, then a repetition may or may not help. If the user understood part

of the message, then contextual clues may help the user decipher the pronunciation of the repe-

tition. If, however, the context knowledge does not help, then the user may not be able to decipher

the repetition. Thisis similar to not being able to understand the words to a song on the radio.

Each playing of the song is exactly the same so it is often difficult to decipher lyrics which are gar-

bled.

The present study indicates the degree to which repetition of a message aids in message intel-

ligibility. Although system designers may choose to put message repetition under user control, in ‘

this study the system controlled the number of repetitions heard for experimental design reasons. ‘
’ The range of repetitions studied, 1 to 3, was selected because it represented a reasonable maximum

Literature Review _ A
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number of repetitions in a real system. Any more than 3 repetitions of a message tends to become
excessive for message intelligibility in a noise-free environment.

S

Rate

Although conversational speech averages about 180 wpm (Lee, 1983), it has been shown that
comprehension of compressed natural speech is quite acceptable at rates of 280 wpm or more

_ (Foulke, 1968; deHaan, 1982). However, rate testing for synthesized speech has usually focused
on much slower speeds, in the range of 120 to 180 wpm.

Simpson and Marchionda-Frost (1984) investigated the effects of voice pitch and three speech

rates (123, 156, and 178 wpm) in a flight simulation task using synthesized speech. Before the

testing, all subjects were trained to 100% intelligibility on the message list for the 123 wpm rate.

Simpson et. al. showed that the pilots preferred the 156 wpm rate, but there was no signilicant effect

of rate on intelligibility. They also found that system response times were significantly faster for the
178 wpm rate. Because all of the pilots were very familiar with the test material, the effect of rate

on intelligibility of novel items could not be ascertained.

Waterworth and Lo (1984) investigated the effects of 6 rates (63, 82, 103, 121, 130 and 150

wpm) on synthesized speech message intelligibility in a train schedules and reservation task. A1-

though not statistically significant, their results indicated that messages at the higher speeds were

more intelligible than those at the lower speeds. Merva and Williges (1986) found that context
_ specific, synthesized speech messages spoken at 180 wpm were unintelligible 7.5% of the time, while

those spoken at 250 wpm were unintelligible 18.0% of the time. Similar results were obtained by

Slowiaczek and Nusbaum (1985). They found that transcription error rates for simple, meaningful

_ sentences averaged 13.3% at ai rate of 150 wpm, but 41.1% at a speaking rate of 250 wpm.

Because speech generation algorithms vary from synthesizer to synthesizer, it is not surprising

that optimal rates may also vary from machine to machine. However, it is also apparent that the Q
range of rates investigated in these studies tended to focus at speeds below the natural rate of con-
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p versation (180 wpm) or far above the average natural rate (250 wpm). In the present study, the
rates were 150, 180 and 210 wpm. These rates include the preferred rate as reported by Simpson
et. al (1984), the average rate of natural speech, and an upper rate nearing the extreme of 250 wpm
which has been [shown to be signilicantly less intelligible by Merva and Williges (1986), and

Slowiaczek and Nusbaum (1985). This range of speaking rates helped to identify the optimal rates.
L

for the DECtalk speech synthesizer.

Message Information and Processing .

There are a number of factors which enter into message comprehension besides the intelli-

gibility of the words. The process of how humans store and retrieve lingual information is yethto
l

be fully understood. Pisoni (1984) and Harris and Coltheart (1986) give a review of several of the

major word recognition models including Morton’s Logogen Theory, K1att’s LAFS model,

Marslen-Wilson’s Cohort Theory and Zue's’ Hashing Model. Of more interest to the systems de-

signer is how sentences or ideas are perceived and stored. A brief review of sentence processing is

given below. A fuller discussion is contained in Harris and Coltheart’s (1986), Language processing

in children and adults.

Research using click perception during speech processing indicates that humans interpret and

store speech based on clauses. This clausal hypothesis consists of two stages (Harris and Coltheart,

1986). First, listeners organize information in working memory clause by clause. Second, upon

completion of a clause, the working memory is cleared of syntactical structure and the content is ‘

filed away in a more abstract form. However, some syntactical structure may remain if analysis of

the following clause depends on information contained in the preceding clause. Clausal interpre-

tation probably occurs in parallel with listening. This is known because context and syntax affect

word recognition so they must be building up as interpretation of the clause progresses (Chodorow,

1986). Thus, system messages should be designed to consist of full clauses which do not depend
on previous or future clauses for interpretation.

Literature Review -
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In synthetic speech applications, Simpson has performed a number of studies on message
characteristics. She found that syntactically rich messages (i.e. "The cargo area is on fire/’) were

significantly more intelligible than keyword versions of the same message (i.e. "Cargo area fire/’)
(Simpson, 1976). The linguistically redundant messages contained more syntax information which
aided intelligibility. In Simpson and Hart (1977), time estimation of a word and sentence intelli-
gibility task was studied. (Estimation of the passage of time by the subject is thought to indicate

the cognitive demands imposed by a task.) Monosyllabic and polysyllabic words and sentences A
were presented via synthetic speech, and subjects were asked to indicate what they had heard. Their

results showed that comprehension of sentences and polysyllabic words required less attention than

that of monosyllabic words. Finally in Simpson and Williams (1980), linguistic redundancy and
1

_ keyword structures were again studied. Here, responses to the linguistically redundant messages

were shorter than the responses to the keyword messages even though the redundant messages took ‘

somewhat longer to say (0.3 sec). Simpson (1980) concludes that in linguistically redundant mes-

sages, ”more information can be transferred with a slight increase in message length and at no ex-

pense to comprehension time.” She also notes that all pilots expressed a preference for the longer,

more informative messages. ‘

Merva and Williges (1986) used a variety of syntactial constructions in a study on contextual

and rate effects on message intelligibility. Their results indicated that the beginning words in a

message tended to be less intelligible than the end words. To explore this effect more fully, in the

current study transcription accuracy was scored separately for the beginning and end two words of

each message. All messages were of complete syntax per Simpson’s recommendations. Comparing

the accuracy of beginning and end word transcriptions should help to clarify whether intelligibility

varies depending upon the location of words in an individual message.
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Method

Experimental Design _

This study used rule-generated synthesized speech to examine the effects ofmessage speed and

repetition on message intelligibility. Each message was presented at one of three speeds; 150, 180

or 210 wpm, and was repeated 1, 2 or 3 times. The experimental design thus consisted of a 3 x 3

within subject factorial design with 8 messages occurring in each of the 9 test conditions, see Figure

1. .

Subjects _ n

Twenty, native English speaking students at Virginia Polytechnic Institute and State University

volunteered to participate in this study. Participants had no previous experience with synthesized

speech and received compensation for their time. Subjects were first given a hearing test to ensure

Methan is



_ 150
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210 .

1 2
l 3 4

. Repetition

Figure 1. Experimental Design: Each subject heard 8 messages in each test condition.
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that they had normal hearing in both ears. The test consisted of subjects responding to 3 sec pulsed

tones presented to either their right or left ear. Subjects identified when they had heard a tone, and

in which ear they heard the pulsed tone. The tones were presented at 25 dB(A) at the following ~

frequencies: 250, 500, 1000, 2000, 4000, and 8000 Hz. A11 subjects passed the hearing test.

Materials

Speech Synthesizer S

The speech synthesizer used was a Digital Equipment Corporation DECtalk, version 2.0. The

messages were spoken using the default voice values for Perfect Paul. The DECtalk unit has been

found to be the most intelligible unit studied by Green, Manous and Pisoni (1984). They used a

battery of intelligibility tests to evaluate the DECtalk, version 1.8; the Prose-2000, version 8-84; the

MITalk-79; and the Type- n-Talk, version 3-82. For the Modified Rhyme test, the DECtalk had

an error rate of 3.3% followed by the MITalk at 6.9%, the Prose-2000 at 9.0% and the Type-n-

Talk at 32.8%. Perfect Paul was found to be more intelligible than Beautiful Betty, the other

DECtalk voice investigated in their study.

Compound words were entered with hyphens in the input string to reduce mispronunciation

(i.e. brief·case or sweat-shirt). However, messages were spoken exactly as generated by the

DECtalk without any manual phoneme or stress polishing. Audio output was not enhanced by the

use of any speaker other than the one internal to the DECtalk unit itself. The testing took place

in a quiet room with background noise levels similar to that of a library.

Method S S
17



Messages and Questions

The messages used in this study were of four types: Location, Price, Availability, or Information.

Each message took the form of Now: verb prepositior: object. (i.e. ”Red pencils are near the rubberi
V

erasers.") The particular verbs and prepositions used for each message type are shown in Table 1.

In addition, Table 1 shows that the message format was standardized to prevent different syntactical

clues from influencing the results. Transcription accuracy was scored for only the first two and last

two words of each message. Thus, the standard syntax of the message gave little to no indication

of what the first and last two words might be, other than that they were nouns or an adjective and

anoun._
Of the 288 words scored per subject (4 words/message x 72 messages), 264 were unique to only

one message. Twenty-four of the response words occurred in two of the messages. For example,

one message might use the term "spiral notebook", while another message might use the term

"notebook paper" so that the word "notebook” would occur twice in the response set. A sample

list of messages with the response words highlighted can be found in Appendix I. ‘

Pretest

The messages in Appendix I were pretested in order to ensure that they were generally

intelligible. Seventy·two messages were selected as test materials based on the results of the pretest.

I
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Table 1. General Form of Messages

LOCATION: Subject(s) is/are in object.
on —
near

PRICE: Subject(s) is/are reduced by object.
for

Subject(s) is/are sold by object.
in
for

AVAILABILITY: Subject(s) is/are available at object.byi¤ .with

INFORMATION: Subject(s) is/are allowed on object. ;

Subject(s) is/are required at olyect.by
in
on
to
for
from ‘within V
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Procedure ‘

Initially, subjects were to answer a question about the message they had heard. The answer

to the question would have been contained in either the first or last two words of the sentence, thus

beginning and end sentence accuracy might have been obtained. After running 6 test subjects, it
became obvious that the errors committed using this data collection method were too few to be of

significance. Three of the 6 test subjects had less than 2 errors during their entire test session. It

was then decided to have the subjects transcribe each message by typing it on a computer terminal.

This doubled the amount of data collected since each message was then scored for both begirming

and end accuracy. Data were collected using the transcription method in the final study.

To allow subjects time to become acquainted with synthetic speech, each subject listened to ·

the synthesizer speak a brief introductory message and the testing instructions before beginning the

testing. The exposure to the synthesizer lasted about I minute, or 8 to 9 sentences spoken at the

default setting of 180 words per minute. In addition, subjects received more detailed written in-

structions. The introductory message and written instructions can be found in Appendix II.

The nine test conditions were presented randomly with eight messages spoken under each test

condition before moving on to the next condition. The eight messages were chosen randomly with

the restriction that each condition included two message from each of the four message types. After

listening to each message, subjects hit the space bar to indicate that they were ready to begin their

transcription. Upon typing in their answer, subjects hit the return to continue on to the subjective

ratings.

Subjects were instructed to rate how certain they were of their transcription on a scale of l
(very uncertain) to 7 (very certain). After they had entered a certainty rating, a similar scale was

used by the subject to rate how difficult it was to understand the message. The difficulty rating

was on a scale of l (very difficult) to 7 (very easy). Appendix III contains the sample affect scales.

After entering their difiiculty rating, subjects continued on to the next message. In this manner,
subjects proceded at their own pace through all 72 messages.

Method
I
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Depeudent Variables

System time, response latency and transcription accuracy were recorded for each trial, along

with the transcription certainty and perceived difficulty ratings. Response latency was measured
as the time between when the DECtalk had fmished speaking the message and when the subject

indicated (s)he was ready to begin the transcription.

System response time is a measure uniquely important to speech systems. System response

_ time was measured as the time between when a message was first sent to the DECtalk and when .
the subject pressed the space bar indicating they were ready to transcribe the message. In visual I

presentation of information the transmission of the information is almost instantaneous. Therefore, _

one need not be concemed with the time lag between the transmission of the information and when
the information appears on a screen. In verbal situations, there is a measurable lag between when

the alert or announcement is sent, and when it is has been entirely enunciated. Thus, both system

response time and response latency are important in verbal information presentation.
Response accuracy was scored as follows. The beginning and end two words of each tran-

scription were checked for accuracy. Subjects received one point for each correct word in their
l

transcription. Under "strict" scoring, the words in the response needed to be exactly the same as

the words in the spoken message to be counted as correct. Under "synonym” scoring, synonyms

for the spoken words were accepted as correct (i.e. "luggage' or "baggage” for ”package”). Every

response was scored under both methods, and the two scoring strategies were analyzed independ-

ently.Synonym

scoring was used because in many cases it was clear that the subject understood the

message but made an error in transcribing it. For example, one subject transcribed "Caps and

gowns are required for graduating seniors,^' as ”Caps and gowns are required for graduating stu-

dents'. In this instance, one cannot determine if the subject heard the last word incorrectly, or if
° in assimilating and transcribing the message, inadvertently substituted a word which was technically

I
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incorrect but did not change the spirit of the message. It was decided, for the purposes of this study,

to acknowledge as correct transcriptions which did not change the spirit of the message.

Finally, the subjective difficulty and certainty ratings were recorded after each trial.

Method 22 ~
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Subjects made an average of 5.6 synonym transcription errors over the 9 test conditions. Four -

subjects made only 2 errors during the experiment while, at the other end, one subject made i12

errors. All subjects fnished the experiment within one hour. Of the 20 subjects, one subject’s data

was discarded because he took 90 minutes and made over 40 errors while performing the study.

lt was often difficult to determine if he had correctly understood a message because his responses

omitted many words and his spelling made it difficult to ascertain what he intended. Only the data

of the remaining 19 subjects were used in the data analysis reported here.

As mentioned previously, two scoring strategies were used. Exarnples of accepted tran-

scriptions under synonym scoring included; ”poetry selections" for ”poetry co1lections^’, "weekly

p1armers” for ”weekly calenda.rs", 'graduating students” for 'graduating seniors", and ”report covers"

for 'report folders'. Of the 117 errors recorded using 'strict" scoring, ten were changed to correct
i under 'synonym" scoring. _
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AccuracyEach

subject received one point for each correctly transcribed beginning or end word. Sub-
ject’s beginning and end points were surmned across the 8 messages in each test condition. The
total possible scores per subject were 16 points for the beginning word totals, and 16 points for the

end word totals for a grand total of 32 possible points per test condition.

An ANOVA was run on the resulting sums using Rate, Repetition, and Information level

(beginning or end totals) as the main effects, see Table 2. Because the ANOVA for the "strict" data
showed no difference in significant effects as compared to the "synonym" data ANOVA, all further

analyses were performed using only the "synonym" data. The ”synonym" data reflects performance _

more realistically because, in most systems, understanding the content of the message is more im- _

portant than the precise wording of the message.
As shown by Table 2, Rate, Repetition and Information level were all significant factors in

accurately transcribing a message. The interactions between these effects were not significant.
_

Duncan's multiple-range test for the means of each significant effect are shown in Table 3. The

most accurate transcriptions were obtained at rates of 150 or 180 wpm with 2 or 3 message repe-

titions. Under these conditions, approximately 99% of the end words and 96% of the beginning

words were transcribed correctly.

Figure shows the distribution of errors by rate and repetition. Over 30% of the errors in the

study occurred at a rate of 210 wpm with l repetition. Taken together, messages with one repetition

accounted for 59% of the errors. Messages spoken at 210 wpm accounted for 53% of the errors.

The experimental design used in this study was a special case of the central composite design
U

with alpha= 1.0. Central composite designs, developed by Box & Hunter (1957), lend themselves

to response surface analysis. In this study, response surfaces were generated using the RSREG

procedure in SAS (SAS, 1986). RSREG generates a quadratic surface using the method of least

squares. The procedure’s output includes the regression, lack of fit, significance of the linear,
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Table 2. ANOVA for Transcription Error Rates

Source df SS F Prob
Between Subjects

Subjects(S) 18 0.0374
Within Subjects

Rate(R) 2 0.0237 6.27 0.005RxS 36 0.0679
Nrep(N) 2 0.0395 ”

7.28 0.002
NxS 36 0.0977 Q
RxN 4 0.0079 0.98 0.423RxNxS 72 0.1441
Info.(I) 1 0.0041 4.50 0.048IxS 18 0.0165
Rxl 2 0.0083 2.24 0.121 -RxIxS 36 0.0668Nxl 2 0.0007 0.28 0.752 ·
NxIxS 36 0.0444

Q RxNxI 46 0.0016 0.24 0.916sRxNxIxS 72 0.1 174
Total 341 0.6778 _
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Table 3. Duncan’s Test for Transcription Error Rates

Rate(wpm) Mean Repetition Mean Info. Mean1 I 180 0.013 lz 0.010 I End 0.016
' 150 0.015 3 0.014 1 I Beg. 0.023

I 210 0.031 I 1 0.035
Verticle rule indicates means not significantly different at alpha = 0.05.

_
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quadratic and crossproduct terms, and the estirnated maximum or rrninimum of the surface over the

area studied. ”

Using the accuracy data and RSREG, equations were generated for the error rate of beginning

words, end words and the total message as a function of message rate and repetition. The coded

l values for rate and repetition in the regression equations were -1, 0, or 1 for 150, 180, 210 wpm and,

1, 2 or 3 repetitions respectively. The design used was orthogonal thus facilitating comparison of

the beta weiglnts in the regression analysis. The Pure Error term in thcse regressions has been ad-

justed for between subject variation to assure proper sigrnificance testing. The rcgressions are shown

in Tables 4, 5 and 6.

Three dirnensional plots of the regression equations using uncoded variables are shown in

Figures 3, 4 and 5. It is apparent from the regression equations that the error rate surfaces are in- ·

deed non·1inear, indicated by the signilicance of the quadratic terms in the regressions. In addition,

the beginnirng word error surface and the end word error surface do not have the same shape sug-

gesting that beginning and end word errors are caused by different factors. Although total error is

a weighted sum of the beginning and end error rates, the total error surface more closely resembles

the beginning error surface due to the preponderance of beginning word errors. q
The RSREG procedure identified local rninima on each of the surfaces over the range of var-

iables studied. The minimum, beginning word, error rate of 0.07% occurred at 170 wpm with 2

repetitions. A minimum error rate of 0.0% for end word transcriptions was predicted at 155 wpm

with 2 repetitions. Finally, the minimum total error rate of 0.14% occurred at 170 wpm with 2
l

repetitions. The total error rate is greater than either the beginning or end error rates because of

the trade-off between optimal rates for beginning and end word transcription accuracy. At 170

wpm the beginnirng word error rate is at a minimum, but the end word error rate is 0.19%, thus

resulting in a combined total error rate above either of the two minimums.
l

I
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Table 4. RSREG for Percentage Beginning Word Errors

Model df SS F Prob
Linear 2 260.759 5.825 0.01
Quadratic 2 198.396 4.432 0.05
Crossproduct 1 0.514 0.023
Tot. Reg. 5 459.669 4.107 0.001

Residual ‘
Subjects 18 226.151

Lack of Fit 3 29.640 0.436 _
Adj. Pure Error 144 3260.691
Adj. Tot. Error 147 3290.331 ‘

Tot. Residual 165 3516.482

Parameter ~ df Estimate St.Dev. T ratio Prob ;

Intercept 1 0.219 0.789 0.28 0.782Rate 1 1.096 0.432 2.54 0.012
Nrep 1 -1.042 0.432 -2.41 0.017RxR 1 1.974 0.749 2.64 0.009RxN 1 0.082 0.530 0.16 0.877 jNxN 1 1.151 0.749 1.54 0.126
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Table S. RSREG for Percentage End Word Errors

Model df SS F Prob.

Linear 2 145.285 4.928 0.01
Quadratic 2 117.416 3.983 0.05
Crossproduct 1 18.503 1.255
Tot.Reg. 5 281.204 3.816 0.01

Residual

Subjects 18 312.957

Lack of Fit 3 45.459 1.028 1 1
Adj. Pure Error 144 2121.254
Adj. Tot. Error 147 2166.712

Tot. Residual 165 2479.669 1

Parameter df Estimate St.Dev. T ratio Prob ;

Intercept 1 0.365 0.663 0.55 0.582
Rate 1 0.548 0.363 1.51 0.133
Nrep 1 -0.987 0.363 -2.72 0.007
RxR 1 0.120 0.629 0.17 0.862
RXN 1 -0.493 0.445 -1.11 0.269 ‘
NxN 1 1.754 0.629 1 2.79 0.006
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Table 6. RSREG for Percentage Total Errors

Model · df SS F Prob V V
Linear 2 194.370 9.018 0.001
Quadratic 2 121.442 5.634 0.01
Crossproduct 1 3.212 0.298
Tot.Reg. 5 319.024 5.921 0.001

Residual
Subjects 18 187.089

Lack of Fit 3 36.079 1.119
Adj. Pure Error 144 1548.108
Adj. Tot. Error 147 1584.187

Tot. Residual 165 1771.276

Parameter df Estimate St.Dev. T ratio Prob L

Intercept 1 0.292 0.560 0.52 0.602 _
Rate 1 0.822 0.307 2.68 0.008 L
Nrep 1 -1.014 0.307 -3.31 0.001
RxR 1 1.042 0.532 1.96 0.052
RxN 1 -0.206 0.376 -0.55 0.585
NxN 1 1.453 0.532 2.73 V 0.007

l
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Response L(lt€]lCy
l

—

An ANOVA was performed on the response latency data using Rate and Repetition as the

main effects. Information level was not a factor in the latency analysis because the latencies were

in response to an entire message, while the information levels occurred within a message.

The ANOVA for response latency is shown in Table 7. Both the Rate and Repetition effects
were significant as well as their interaction. Duncan’s multiple-range test was performed on the

means of the significant effects as shown in Table 8. The significantly fastest latency, 1.02 sec, oc-

curred at a rate of 180 wpm with 3 repetitions. Both 150 and 210 wpm with 3 repetitions and 150 ·

and 180 wpm with 2 repetitions were not significantly different from each other, with response _

latencies averaging 1.2 seconds. The slowest latency, averaging 3.3 seconds, occurred at 210 wpm

with 1 repetition.

Figure 6 shows the mean response latencies by rate and repetition. The sharpest drop in

latencies occurs in going from 1 to 2 message repetitions. Repeating a message apparently allows

the subject additional time to comprehend what is being said, and thus decreases latency times.

The effect of rate on latency is also apparent in this figure. Latencies decrease with decreasing rates,

probably due to the longer message times associated with slower speaking rates which increases the

time available for message comprehension.

A quadratic regression was also perforrned on the coded latency data using RSREG. The re- l
gression is shown in Table 9. A three dimensional plot of the regression equation is shown in

Figure 7. The linear effects of rate and repetition are significant. The quadratic effect of repetition

and the crossproduct of rate and repetition are also significant. Examination of the beta weights

confirm that decreasing the speaking rate and or increasing the number of message repetitions de-

creases the response latency. Over the range studied, a predicted minimum latency of 1.028 seconds

occurs at a rate of 185 wpm with 3 repetitions. A maximum response latency of 3.328 seconds
occurs at a rate of 210 wpm with 1 repetition.

1
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Table 7. ANOVA for Response Latency

Source df SS F Prob.

Between Subjects
Subj.(S) ‘ 18 52.165

Within Subjects '
Rate(R) 2 11.511 4.41 0.019
RxS 36 47.023

Nrep(N) 2 70.714 49.15 0.0001
NxS 36 25.896

RxN 4 9.495 2.82 0.031
RxNxS 72 60.625

Total 170 277.429

Ä
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Tonne 8. ¤nneen·s Test rot Response Latcncy Meens
Rate(wpm) Mean Rate x Nrep Mean .

I210 2.1007 I 180 X 8 1.0202

I 180 1.6289 210 x 3 1.2034
150 1.4961 150 x 3 1.2263

180 x 2 1.2645

. 150 x 2 1.12856 ”

Repezizion Mean I 210 x 2 1.7699
l I 1 2.6358 I 150 x 1 1.9763

I2 1.4400 I 180 X 1 2.6022
I 8 1.1500 I 210 X 1 3.3289 -
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Table 9. RSREG for Response Latency

Model df SS F Prob
1

Linear 2 586.719 45.865 0.001
Quadratic 2 71.082 5.557 0.01
Crossproduct 1 71.913 11.243 0.001
Tot. Reg. 5 729.714 22.817 0.001

Residual
Subjects 18 417.318

Lack of Fit 3 4.044 0.210 ’
Adj. Pure Error 1341 8592.313Adj. Tot. Error 1344 8596.357 4
Tot. Residual 1362 9013.675 I
Parameter · df Estimate St.Dev. T ratio Prob L

Intercept 1 1.327 0.156 8.53 0.0001Rate 1 0.302 0.085 3.55 0.0004
Nrep 1 -0.743 0.085 -8.72 0.0001RxR 1 0.169 0.148 1.15 0.251RxN 1 -0.344 0.104 -3.30 0.001NxN 1 0.453 0.148 3.07 0.002
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SySt?m R?Sp0llS? Tim?

System response time was defined as the time between the beginning of a spoken message and

when the subject entered a retum indicating (s)he was prepared to transcribe the message. System

response time is important in the verbal presentation of information because of the time needed to

enunciate a message before a response can occur. As such, system response time includes the time

taken to speak the message and the subject’s response latency. Message time, dependent on the

length of the message and the number of message repetitions, is the larger component of system

response time. Message times in this study ranged from 2 to 14 seconds while response latencies

averaged around 1.75 seconds. 1

The ANOVA for system response time is shown in Table 10. Both Rate and

Repetitionsignificantas are their interaction. Duncan’s multiple·range test for means is shown in Table ll.
Messages at 150 wpm took significantly longer than messages at 180 or 210 wpm. A11 three repe-

tition levels were significantly different from each other with system response time increasing with

messagerepetition. The means test for the Rate x Repetition interaction shows no significant dif-
1 ference between the three different rates at one repetition, where system response times hovered

around 6.0 seconds. The longest system time, with a mean of 13 sec, occurred at a rate of 150 wpm

with 3 repetitions.

Figure 8 shown the various system response time means by message rate and repetition, In g
general, system response times increase with increasing repetitions.

A quadratic regression was performed on the system tinee data, see Table 12. All linear,

quadratic and crossproduct components were significant with the exception of the Rate x Rate ef-

fect. A three dimensional graph of the regression is shown in Figure 9. A predicted minimum

system responseitime of 6.08 seconds occurs at a message rate of 150 wpm and 1 repetition. The 1

” maximum predicted response time, 13.10 seconds, occurs at a rate of 1150 wpm with 3 repetitions.

1
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Table 10. ANOVA for System Response Time .

Source df SS F Prob. '

Between Subjects
Subj.(S) 18 54.468

Within Subjects
Rate(R) 2 21.967 8.01 0.001
RxS 36 49.364

Nrep(N) 2 948.610 647.10 0.0001 ‘
NxS 36 26.387

RxN 4 32.512 8.11 0.0001‘ SxRxN 72 72.125

Total 170 1205.433
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Table ll. Duncan’s Test for System Response Means ‘

Rate(wpm) Mean Rate x Nrep Mean _
I 150 9.46 150 x 1 6.008

I 180 8.97 I 180 x 1 6.278 ‘
I 210 8.58 210 x 1 6.520

I 210 X 2 8.261
I 180 X 2 8.563

Repetition Mean 150 x 2 9.348
I8 12.018 I210X8 10.973
I 2 8.724 I 180 X 8 12.055
I 1 6.269 I 150 x 3 13.025 ·
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Table 12. RSREG for System Response Time

Model df SS F Prob

Linear 2 7710.197 509.953 0.0001
Quadratic 2 54.417 3.599 0.05
Crossproduct 1 249.754 33.038 0.0001
Tot.Reg. 5 8014.368 212.028 0.0001

Residual
Subjects 18 435.741
Lack of Fit 3 10.345 0.456
Adj. Pure Error 1341 10149.903
Adj. Tot. Error 1344 10160.248

Tot. Residual ‘ 1362 10595.989

Parameter df Estimate St.Dev. T ratio Prob ;

Intercept 1 8.686 0.169 51.51 0.0001
Rate 1 -0.438 0.092 -4.74 0.0001
Nrep 1 2.874 0.092 31.12 0.0001
RxR 1 0.057 0.160 0.35 0.7236
RxN 1 -0.641 0.113 -5.67 0.0001
NxN 1 0.419 0.160 2.62 0.0089
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Sabjectivc Ratings

After transcribing each message, subjects ‘were asked to rate how certain they were of their

transcription, and how difficult they felt the message was to understand. The mean certainty rating

was 6.46 on a scale of l (very uncertain) to 7 (very certain). The mean difliculty rating was 5.77

on a scale of 1 (very difficult) to 7 (very easy). Difficulty ratings were lower than certainty·ratings
l

because subjects could be certain of their transcription of a message without feeling that the message
V V was easy to understand.

Figure 10 shows the distribution of certainty ratings by error count per corresponding tran-

scription. The greatest number of errors per transcription is four, indicating the subject incorrectly
”

transcribed both the first and last two words of the message. As shown in Figure 10, transcriptions

with three to four errors tended to be rated as "very uncertain”. Error-free transcriptions were as-

sociated with ratings of "very certain". Keeping in n1ind that the subjects rated their transcriptions

without feedback about their accuracy, the data indicate that subjects were aware of errors in their

transcription. j

Figure ll shows the distribution of difficulty ratings by error count per corresponding tran-

scription. The relationship between transcription errors and difficulty ratings echoes that seen in

the previous figure. Error·free transcriptions were associated with messages rated as "very easy",

while transcriptions with 3 or 4 errors were associated, on the whole, with "very difficult" messages. h
Again, this indicates that subjects were sensitive to the difficulty of deciphering certain messages,

and generally knew when they had made transcription errors. .
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Discussion

Repetition _

The number of repetitions of a message signiticantly affected transcription accuracy, response
latency and system response time. For messages repeated twice, error rates were about 60% lower
and response latencies about 50% faster than those for messages repeated only once. However,
system response time was about 40% longer. Repeating a message more than twice did not sig- g
nificantly affect accuracy or latency, although it did increase system response time.

The certainty ratings showed that subjects were aware of errors made in transcription. Taken

together with the fact that repetitions decreased error rates, this suggests that a user-initiated repeat

function would be a valuable form of error recovery. Subjects would recognize that they were un-
sure of an entire message and use the repeat function to improve their perception of the message.

Furthermore, users correctly perceived 90% of the messages repeated once. Thus, only 10%
of the messages would need a second (or third) repetition. Fewer repetitions mean that system re-

sponse times could be kept at a fairly low level while maintaining accuracy. These results support

the inclusion of a user·activated repeat mode in all speech interface systems as a form of error re-
covery. ‘
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Rate

Speaking rate significantly affected transcription accuracy, response latency, and system re-
sponse time. Messages spoken at 150 or 180 wpm had error rates 50% lower and response latencies
25% faster than messages spoken at 210 wpm. System response times were not significantly dif-
ferent for the 180 and 210 wpm rates. These results indicate that a rate of 210 wpm significantly
degrades the performance of a novice system user. The optimum rate for novices using DECtalk

lies below 210 wpm, possibly in the range of 180 to 200 wpm, something to pursue through further

research.
Because system connect time is expensive, it is advantageous to have users hear messages at

the fastest, accurate rate. Research suggests that experienced synthetic speech users may have an
_

optimal rate greater than that of the novice. deHaan (1982) has noted that comprehensioniof

speeded natural speech is not impaired until rates reach 270 wpm. Because a steep learning curve

. has been shown to exist for synthetic speech, experienced system users may be able to use a syn-

thetic speech system effectively at speaking rates far faster than those of a novice. This suggests that

speech systems should have the ability to operate at a variety of rates depending on the expertise_ of the user. ·
When describing the experiment to several subjects who had completed their session, many c -

were amazed to find out that the messages had been presented at different rates. Most thought that

the rate was constant throughout the study. This indicates that users are not perceptually aware

of small changes in rate, although their performance degradation was significant.

The inability of subjects to notice small changes in speech rate could be used advantageously

to train users. This training would accustom users to higher speaking rates and thus decrease ex-

pensive system connect time. A form of rate training, where users hear messages at one speed

during initial system use, and then at increased rates during future use, might be accomplished by

calculating system connect time per user logon and adjusting the rate accordingly. The comments
' gleaned in this study suggest that users would not even be aware of the differences in rate. Of

l
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course, rates could be decreased if a user was found to be making a lot of errors, or could be de-
creased if the user entered the repeat mode. Although rate significantly affects accuracy and novice
users perform best at a rate less that 210 wpm, rate variability would be cost effective in speech
systems with experienced users.

Mcssagc Construct . 1
Beginning and end word accuracy differences were sigrrificant in this study. Although each

word did not occur in both a beginning and end position, the large variety of words used (N = 264) i •
” indicate that the observed effect transcends testing methods. In addition, this effect has been ob-

served previously (Merva and Williges, 1986). Furthermore, the difference is also evident in the

response surfaces for the beginning and end word data, and the different minimum error points

predicted by the surfaces.

A comparison of the regression equations shows that Rate and Rate x Rate were significant

factors in beginning word error although they did not affect end word error. lt appears that rate is

much more crucial in deciphering the first few words in a message than in the last few. This may

be due to the subject growing accustomed to the message rate as the message progresses, or because

syntactical and pragmatic information build to the end of a message reducing the number of

meaningful message endings and thus reducing end message errors. lt may also be due to the startle

, effect of hearing the beginning of a message, although Simpson and Williams (1980) did not find

an increase in accuracy for messages preceded by a warning tone. ln any case, information con-

tained in the end of a message appears to be understood better than information in the beginning
of a message ·- a critical point for dialog designers.

It was interesting to note that the transcription errors were not evenly distributed across mes-

sage type. While the Location, Availability, and Instruction messages accounted for 24%, 35%, A
and 36% of the errors respectively, Price messages accounted for only 5% of the errors. This may
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be explained by the vocabulary inherent in the Price messages. It has often been noted that num-
bers are more easily understood than werds under the same conditions (Miller et. al., 1951). This
is due to the limited form of numbers -· integers, teens, multiples of ten, and combinations thereof

·· which limit the set of possible choices for a numerical utterance. This fact could be used
advantageously in system design, and is especially promising for systems which have numerical as'

J l
opposed to word output. Numerical output systems have an accuracy advantage due to their rel-
atively constrained response sets.

Accuracy .

Previous synthetic speech studies (Greene, et.al.; 1984) have reported transcription accuracy

rates lower (84% to 93%) than those recorded in this study (87% to 98%). These differences may

be accounted for in several ways. First, the synthesizer used, a DECTalk·2.0, is a high quality

synthesizer. The advantages of the newer technology are obvious when one compares, as did

Greene (1984), both older and newer synthesizers using the same intelligibility tests. Advances in

the algorithms used to generate speech have led to more intelligible speech synthesizers.

Second, the subjects in this study were briefly exposed to the synthetic speech before beginning

the testing. As mentioned earlier, learning has been shown to take place with just 30 to 40 minutes

of exposure to synthesized speech (Merva and Williges, 1987; Jenkins and Franklin, 1982). The

brief introduction used in this study allowed subjects time to become familiar with the phrasing,

intonation, and pronunciation of the synthesizer while hearing a standard introductory message.

The common words and phrases used in the introduction ("Hello and welcome...", "My name is...",

”If you have any questions...") helped subjects interpret what was being said. Furthermore, the fact

that subjects also received written instructions and were allowed to listen without interruption re-

moved pressure to concentrate on the meaning of the passage and instead allowed them to con- ‘
’ centrate on the rhythm and pronunciation of the voice.
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Third, subjects were aware of the pragmatic context of the messages (a bookstore) and could

use this contextual information decoding messages. The benefits of context have been briefly

discussed earlier, but to reiterate, context reduces the selection set of plausible words included in a

message. Upon hearing "desk light", subjects in this study would not seriously consider such al-

tematives as "best fight” or "test flight" since the last two are irnplausible in the context of a

bookstore. Context thus served to increase message intelligibility by focusing the messages on a ·
l

particular subject.

Finally, the syntactical structure of the messages was consistent, providing subjects with

grammatical clues into message content. Although subjects were not told that only the begirmings

and ends of their transcriptions would be scored, approximately 98% of the observed errors oc-

curred in these positions. The verbs and prepositions of the messages were rarely missed under ·

"strict" scoring, and were never missed under ”synonym” scoring. It is apparent that subjects grew

accustomed to the structure of the messages and thus directed their attention on the parts of the

message which varied, the beginning and end words.

These four elements, a high quality synthesizer, an introductory message, a general_context,

and standard message format, are all very realistic goals for a speech system interface. Incorporation

of these elements will help to increase system intelligibility. It is interesting to note that many of

these elements are missing from standard tests of speech intelligibility. The Modified Rhyme Test,

for instance, has no pragmatic context, introductorymessage, and does not use complete syntax to

aid in interpreting what is being said. For this reason, speech technology used in applied situations

should out perform that same technology tested in laboratory situations where overall system con-

text is less defined.
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System Time versus Response Latency

The response surfaces of system time and response latency, predict diametrically opposite op-
tirnal rates and repetition levels. Quick response latencies require slow speaking rates and many
repetitions while quick system response times require fast rates and few message repetitions. Setting
rate and _repetition in a system depends on whether one needs to minimize response latency or
minimize system response time. In some systems, such as responding·to a verbal command or alert,
one would want to minimize system response time. In this situation, one is interested in the time
between the beginning of a command and the response to that command. Response latency would
be important if, for instance, one wanted to minimize the amount of time spent sampling input
channels for a response. In general whether one wants to minimize system response time or re-

_

sponse latency depends on the particulars of the system under development, however, one canriot
do both. ‘ V

System Time versus Accuracy

A second trade-off in system design occurs between system response time and response accuracy.

Short system response times usually occur with one message repetition at a fast speaking rate. This
coincides, however, with very poor message transcription accuracy. An optimal system would

balance the costs of system time against the costs of errors. While system time is costly, reducing
system intelligibility and thus increasing system errors and error recovery time may be costlier still.

Because this study did not allow the user to control message repetition (one approach to error

recovery), it is difficult to predict how often subjects would have repeated messages on their own.

Due to the leaming curve, it is also difiicult to predict how often experienced users would need to
repeat messages even if they were spoken at faster rates. In addition, much depends on the actual
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cost of system time - whether connect time is over long distance telephone lines, if the system uses
expensive computing time, or if neither of these are constraints. Although the particular trade-off

solution is system dependent, the existence of the trade·oif remains important in speech interface

design. ·

i
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Conclusions

The results of this study can be summarized as follows: _ .

.• Transcription accuracy was signilicantly better at speaking rates of 150 or 180 wpm than at 210

wpm.

• Transcription accuracy was signilicantly better if messages werelrepeated 2 or 3 times instead

of once. _

• Transcriptiorr accuracy was significantly better for the end words in a message than for the

beginning words.

. • A trade-off exists between minimizing system response time, and minimizing response latency

and transcription errors. _

• Subjects were aware of errors made in transcription even without feedback on their tran-

scription’s accuracy as evidenced by the transcription certainty ratings. l

These results imply the following guidelines for developing speech I/O systems.
A

.

Conclusions A 57



• Speaking rates should be less than 210 wpm for novice system users on the DECtalk, although
experienced users may be able to accommodate faster speaking rates. This suggests that speech
systems be designed to use a range of speakirng rates.

• A user-activated repeat mode ist a viable approach to error recovery in speech systems. ”

• Important information should be located in the end of messages. Messages which contain
numerical information have a higher transcription accuracy than messages with verbal infor-
mation. In addition, messages should be of full and complete syntax.

• The quality of the synthesizer, presence of an introductory message, pragnatic context, and

standardized message format all contribute to system intelligibility. .

Although t11is work contributes to the body of knowledge concerning synthesized speech,
much work in the area remains to be done. Research is needed to define how perception of speech
by novices differs from that of experts, how pauses in speech atfect speech perception and retention,
how subjective qualities of speech (trustworthiness, gender, age) affect interface effectiveness, and

how verbal human·computer interfaces need differ from visual interfaces. Synthesized speech and
I

speech interfaces are already being used in applied situations. What is needed is a deeper under-

standing of how speech interfaces can be used more efiiciently and effectively.
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Appendix I. Sample Test Messages

Location Messages _

1. Poetry collections are in the English section.

2. Oilpaints are in area I5. _

3. Rubber stamps are on back order.

- 4. Filing cabinets are near the oßice supplies. ”

5. Index cards are on aisle II.

6. Spiral notebooks are near the plasticfolders.

7. Office stationery is on the groundfloor.

8. Typewriter ribbons are on the third sheßi

9. Watercolor paints are in the art department.
l L ‘

10. Foreign dictionaries are in the reference section.

11. Leather briefeases are on the west wall.

l2. Bulletin boards are near the picture frames.

13. Masking tape is in bin I2.
I

' 14. Bumper stickers are near the candy counter.

—
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15. Monthly calendars are near the weekly planners.

16. Rubber cement is near the paper clips.

17. Safety glasses are near the lab aprons. .

18. Colored pencils are near the felt-tip markers.

Availabilityy1.

Stußed animals will be available by next week. t

2. Metric rulers are available at the sale table. -
3. Storages boxes are available in black and tan. L

4. Expandable files are available in grey or brown. '

5. Construction paper is available in single sheets.

. 6. Desk lamps are available in 10 styles. _
7. Business cards are available by special request.

8. Thumb tacks are available in sealedpackages. '

9. Letter openers are available with a silverfinish.

10. Photo albums are available for glossy prints.

ll. Storage trays are available for computer printouts.

12. Coat hooks are available by,the souviner keyrings. 4 · ‘

13. Coffee mugs are available by the drinking glasses.

14. Gift wrap is available by the ribbons and bows.

13. Report covers are available in transparent colors.
l

16. Science fiction is available by the new releases.

17. Cassette tapes are available by the classical records.

18. Legal pads are available in white or yellow.
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Price

1. Computer hardware is reduced for engineering students. 1

2. Chewing gum is sold by the 8 pack.
l

3. Notebook paper is sold for S 1.16.

4. Study guides are reduced by 33 %.

5. School sweatshirts are sold by the booster club.

6. Name tags are reduced for student groups.
l

7. Letter sweaters bare reduced for varsity athletes.

8. Gym clothing is reduced for sports clubs.

9. Dessert cookbooks are reduced for quick clearance. J _

10. Scented candles are reduced by 47 %. L

11. Dujjle bags are reduced by over 50 %.

12. Historical maps are reduced by 25 %.
8

13. Floppy disks are sold in wrapped pairs. ·

14. Erasable pens are sold for 19 cents. l
15. Golfumbrellas are sold for S 14.13.
16. Push pins are sold for 69 cents.

17. Tape dispensers are sold for S 4.70.

18. Combination locks are sold for S 6.80.

Information —

1. Sales receipts are required to return clothing.
2. Temporary hehr is required in the storage room.

Appendix I. Sample Test Messages 64



3. Food and drink are allowed on the second level.

4. Two textbooks are required for advanced calculus.

5. Student identüication is required to cash checks.

6. Merchandise returns are required within 90 days.
7. Blue books are required for essay tests.

8. Drawing boards are required for architecture majors.
9. Overtime pay is allowed on the night shü.

10. Shirts and shoes are required by state law.

ll. Caps and gowns are required for graduating seniors.

12. Drop slips are required to return books.
13. Local addresses are required on personal checks.
14. Class schedules are required from all employees. '

15. Management approval is required for vacation requests. L

16. Cash payment is required at register I7.
I 117. Price reductions are allowed on damaged goods.

18. Teaching discounts are allowed on large orders.
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Appendix II

Introductory Test „

Hello, and welcome to the Virginia Polytechnic Institute and State University, Human-
w

Computer Interaction Lab. My name is Paul, and I will be the voice you will be listening to for
the remainder of this experiment. I may sound a bit strange at first, but I am sure you will soon
be able to understand everything I say.

Here is what I want you to do. I will say something to you, and then you will be asked to
transcribe what I have said. After you have typed in your answer, you will be asked to rate how
certain you are of your answer on a scale of l to 7. You will then be asked to rate how difficult
you felt it was to understand the message. Again, your rating should be on a scale of 1 to 7.

If you have any questions, please ask them now.
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TEST INSTRUCTIONS
You will be performing 72 listening trials. The procedure is as follows:

1. Hit the return key to begin each trial.

2. The computer screen will go blank. Listen carefulbw to the message spoken by the speech
synthesizer. All messages are of the type that you might hear in a BOOKSTORE. Each
message will be repeated l, 2 or 3 times.

3. As soon as the synthesizer is done speaking the message and you are ready to answer, hit the
SPACE BAR on the keyboard. An answer blank will then appear on the screen. Type in
exactly what you heard the synthesizer say. Occasionally you may have trouble understanding
the synthetic speech. If you are not sure of what the voice said, type in what you think is the
correct answer. After typing in your answer to the question, hit the return key.

4. You will then be asked to rate how CERTAIN you are of your transcription. You will rate
your certainty on a scale of l (very uncertain) to 7 (very certain). Type in your certainty rating
and then hit retum.

5. Next, you will rate how DIFFICULT it was to understand the message. Again the rating will
be on a scale of 1 (very difficult) to 7 (very easy). Type in your difficulty rating and then hit
return. You will then be asked to hit retum again to continue on to the next message.

Complete all 72 trials. l will be in the next room if you have any questions during the ex;

periment. The program will stop automatically when you are finished.

You may start whenever you are ready.
A

i
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Appendix III

Certainty Scale l —

l -·--··---—· 2-—----·---- 3·-·-··--·-· 4--···---···-5··--·-—---- 6-··--·-··-- 7
VCI'y

I
Vßfy

uncertain certain
On a scale of l to 7, how CERTAIN are you of your transcription? _

Dßficulty Scala

1 ----------- 2----------- 3----------- 4---------—--5----------- 6---------—- 7 7
VCI’y A V V€1’y

difficult easy

On a scale of l to 7, how HARD was it to understand the message?
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