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(ABSTRACT) 

Automatic speech recog n ition systems have at last advanced to the state that they 

are now a feasible alternative for human-machine communication in selected appli ... 

cations. As such, research efforts are now beginning to focus on characteristics of 

the human, the recognition device, and the interface which optimize the system per­

formance, rather than the previous trend of determining factors affecting recognizer 

performance alone. This study investigated two characteristics of the recognition 

device, the accuracy level at which it recognizes speech, and the vocabulary size of 

the recognizer as a percent of task vocabulary size to determine their effects on 

system per:ormance. In addition, the study considered one characteristic of the user, 

age. Briefly, subjects performed a data entry task under each of the treatment con­

ditions. Task completion time and the number of errors remaining at the end of each 

session were recorded. After each session, subjects rated the recognition device 

used as to its acceptability for the task. 

The accuracy level at which the recognizer was performing significantly influenced 

the task completion time as well as the user's acceptability ratings, but had only a 

small effect on the number of errors left uncorrected. The available vocabulary size 



also significantly affected the task completion time; however its effect on the final 

error rate and on the acceptability ratings was negligible. The age of the subject was 

also found to influence both objective and subjective measures. Older subjects in 

general required longer times to complete the tasks; however, they consistently rated 

the speech input systems more favorably than the younger subjects. 
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Introduction 

Automatic speech recognition refers to the ability of a machine to discriminate spo­

ken utterances. The first such devices were devel~ped in the mid 1950'st and sig­

nificant progress has been made within the past decade. It has long been known that 

unconstrained speech is the fastest, most efficient means for two people to commu­

nicate (Chapanis, 1975). Now, applying spoken communication to human-machine 

systems is proving to be an efficient alternative for many applications. Such appli­

cations include baggage and postal sorting, quality control on production lines, and 

voice direction of machine tools. Voice input has the advantage that no typing skills 

are needed and that it frees the hands and eyes to perform concurrent tasks. 

One application which appears particularly suited for speech recognition is as com­

puter input devices for the physically disabled. Conventional computer input devices 

may be useless to a disabled user, and the specially designed aids in use today are 

often slow and cumbersome. Speech recognition allows disabled users to perform 

many tasks quickly and effortlessly which otherwise are difficult or even impossible. 

Voice controlled wheelchairs and environmental control systems have been devel-
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oped and are being used in a limited number of applications (Cohen and Graupe, 

1980; Damper, 1984; Youden, Sell, Reich, Clagnaz, Louie, and Kolwicz; 1980). Speech 

input text-processing aids are being developed to allow disabled persons to compose 

letters and reports quickly (Damper, 1984). Glenn, Miller, and Broman (1976) report 

success in using voice input to process text as well as program a computer. These 

developments may open a wide range of employment opportunities for disabled per­

sons in industrial and office environments. 

Current speech recognition systems, however, suffer several limitations. This study 

examined perhaps the two most critical of these limitations. First, currently available 

low-cost recognition devices frequently make mistakes in discriminating what the 

user says. And secondly, most currently available systems are only able to recognize 

a limited number of words. If speech recognition devices are going to be used, 

whether by able-bodied or disabled individuals, the effects of these limitations on the 

overall performance of the system shou Id be known. 

Purpose 

The purpose of this study was to investigate the degree to which recognizer accuracy 

and vocabulary size affect measures of system performance. These measures in­

cluded the objective measures of time to complete the data entry task and number 

of errors remaining in the data at the end of the task as well as subjective measures 

of user acceptability_ In addition, different age groups of subjects were used in order 

to determine if the age of a user plays a role in his or her ability to use a speech re-
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cognition system successfully and its effects on subjective assessment of speech as 

an input mode. 
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Background and Literature Review 

Overview of Speech Technology 

A speech recognition system is a device which takes spoken input from a hu man user 

and converts it to a language which is understandable by a computer. Many currently 

avaHable low-cost systems rely on a template matching method for recognizing in­

coming speech, i.e., they compare each utterance with previously stored speech 

patterns. A recognizer is initially "trained" by having one or more persons speak 

each word of the allowable vocabulary one or more times. For each utterance, the 

recognizer first determines the beginning and end points and then converts the 

acoustical waveform into an analog electrical signal. This signal is then filtered to 

extract the information-carrying features, which are then converted into a digital pat­

tern. This pattern is combined with other patterns of the same word forming a tem­

plate which is then stored in memory_ During the recognition phase, each input item 

is processed in the same manner as during training. The resulting pattern is then 

compared with all the stored reference templates to determine which pattern if1 the 
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most similar. Given that the most similar reference template scores above some 

predetermined acceptance level, the system accepts the reference template as being 

the incoming utterance. This may result in the spoken word being displayed on a 

CRT terminal, some command being executed, or any number of other responses just 

as if the word had been entered thru more conventional input devices (e.g. keyboard, 

mouse, etc.). A more detailed explanation of the recognition process may be found 

in Lea (1980) or Reddy (1976). 

Speech recognition devices are usually classified as recognizing either discrete, 

connected, or continuous speech. Discrete speech recognizers require that the user 

separate utterance with a brief pause, typically 50 to 200 milliseconds. A single ut­

terance may consist of a single word or a short string of connected input. Connected 

speech recognizers do not require the intermediate pause between inputs, but are 

able to detect word boundaries within a string of connected speech. They do, how­

ever, require that the user carefully annunciate each word. Continuous speech re­

cognition systems allow the user to speak in a natural rhythm. 

Discrete, connected, and continuous speech recognition systems can be classified 

further as either speaker-dependent or speaker-independent systems. Speaker­

dependent systems require that each user enter several samples of each word in the 

vocabu lary to form the reference templates used during recognition. I n other words, 

his voice patterns are compared only with prerecorded samples of his own speech. 

Speaker-independent systems do not requ ire each user to enter voice samples first, 

rather they compare a user's input with previously collected samples from a number 

of other speakers. 
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Emphasis on System Performance 

Speech recognition is a new technology. Although the first machine that could rec­

ognize speech was developed thirty five years ago (Davis, BidduJph, and Balashek; 

1952) the field is often described as still being in an "infancy stage" (Lea, 1980) be­

cause progress has been slow and difficu It. It has only been within the past decade 

that recognizers have progressed to the state that they are being used in actual ap­

plications and being considered for many more. In the past, the primary measure of 

recognizer performance has been the accuracy with which spoken words were re­

cognized. If a new recognizer being developed were able to recognize correctly 

more words than another system, it was considered better. This performance 

measure is appropriate for measuring the relative accuracy of different recognition 

algorithms. But now that speech recognition systems are finding their way into actual 

applications, a measure of overall system performance is also necessary. 

When a speech recognition device is incorporated into a human-machine system, the 

ultimate performance measure is of course the effectiveness of the entire system. 

This measure is dependent on the Individual task. It may be the total time to com­

plete the task, the number of errors resulting, the reduction in total costs for task 

completion, user satisfaction, or a combination of these and other measures. This 

approach of evaluating recognition systems has gained increasing interest (e.g. 

Grady, 1982; Harris, 1982; Schmandt, 1982; Simpson, McCauley, Roland, Ruth, and 

Williges; 1985) but because of its newness, has yet to be employed in many research 

efforts. 
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As such, one of the first steps in a systems approach of evaluating speech recogni­

tion devices is to identify factors associated with the use of speech recognition which 

affect the overall performance of the system. These factors may include character­

istics of the user, the recognition device, and the interface between the two. This 

research will investigate two characteristics of the speech recognizer, accuracy level 

and vocabulary size, and one user characteristic, age. 

Accuracy 

The accuracy of a speech recognition system refers to the percentage of time that the 

recognizer correctly identifies an input utterance. Unidentified inputs (recognition 

errors) can be of several types: substitution, deletion, rejection, and insertion (Baker, 

1982). A substitution error, also referred to as a misrecognition, occurs when the 

system incorrectly identifies the input utterance as some other word in its allowable 

vocabulary. The user may speak the word "nine" but the recognizer incorrectly 

chooses the word "five". A deletion error is the result of the system failing to re­

spond to a valid input. This type of error would occur, for example, if the amplitude 

of a spoken input is not great enough to elicit a response from the system. Rejection 

errors occur when the system correctly identifies the input but the template's 

"closeness" score is below the acceptable level or the second best score is unac­

ceptably close to the best match resulting in a decision by the speech recognition 

algorithm to reject the input. Because the results are the same for the user, often 

no distinction is made between deletion and rejection errors, and together they are 

referred to as nonrecognition errors. Finally, an insertion error occurs when the sys-
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tern incorrectly identifies some sound outside the acceptable vocabulary (e.g. a 

cough, background noise, or a nonvocabulary word) as a vocaburary item. When 

manufacturers test recognition devices, the tests are usually carefully controlled to 

eliminate any such spurious noises and therefore, the most commonly reported er­

rors are misrecognition and nonrecognition errors. 

Difficulties in Obtaining High Accuracy 

Because accurate recognition is dependent on matching an incoming speech signal 

with a stored signal, any factor which alters this signal, either at the source (speaker), 

the receiver (machine), or in-between has the potential of affecting the recognition 

accuracy. As a result, high recognition levels are often difficult and expensive, if not 

impossible to obtain. Manufacturers usually claim accuracy levels of 98-990/0, how­

ever, these results are obtained under controlled laboratory conditions. When the 

system is placed in an operational environment where the speech signal is subject 

to influencing factors, recognition errors much greater then 1 .. 20/0 can be expected. 

The fact that the manufacturer achieved such high accuracy during testing says little 

about the system's ability to recognize speech in normal operational conditions 

(McCauley, 1984). 

Lea (1982) reports a structured list of over 80 variables which he suspects as influ­

encing recognition accuracy. Some of these variables have been observed as influ­

encing accuracy throughout the development of speech recognizers. Others have 

been the subject of empirical investigations focused specifically on determining their 

influence on recognition accuracy. Still others are merely suspected of influencing 
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accuracy. Table 1 lists these variables. As the list indicates, these factors include 

characteristics of the user (age, sex, experience, workload, etc.), the language (vo­

cabulary size, word length, word confusability, etc.), the channel and environment 

(noise, vibration, microphone type and placement, etc.). and the recognition algorithm 

(sampling process, word boundary detection, etc.) among many others. 

A thorough review of all of these factors wou Id not be worthwhile for the purposes 

of this thesis, however, a few selected factors will be discussed with respect to their 

influence on recognition accuracy in order to illustrate the difficu Ities and trade-offs 

involved in obtaining high accuracy levels. 

The ultimatE! goal of speech recognition developers is to design a system which can 

understand speech from any number of users speaking in a natural rhythm. This goal 

has only been reached to a limited degree. Recognizers have been developed which 

recognize continuous speech from a number of different speakers, however, they are 

not in practical use because of accuracy limitations. 

As discussed previously, speaker-independent systems do not require a user to train 

the system with his own voice patterns before use, but instead compare each input 

with a large number of stored samples from different individuals. Developers noted 

early that because inter-speaker variability is so much greater than intra-speaker 

variability, speaker-dependent recognizers can achieve higher recognition rates than 

speaker-independent systems (Doddington and Shalk, 1981). The more varied the 

group of speakers using the system, the more difficult the recognition process. 

Rollins (1984) notes that it is difficult for a speaker-independent system to recognize 

accurately both male and female speakers. When a recognizer was trained by four 

male speakers and then tested by each of them, the median recognition accuracy 
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Tabla 1. Factor. Affecting Error Rates. From Lea (1982) 

Human Factors 
form of speech 

(isolated, connected 
continuous) 

rate of speaking 
speaker dependent or 

independent 
sex of speaker 
speaker's vocal tract 

size 
speaker dialect 
speaker's habits of 

pronunciation 
speaker's glottal 

spectrum 
physical state of the 

speaker 
simultaneous workload 

and distractions 
psychological state & 

stress on speaker 
speaker experience & 

skill 
motivation of the 

speaker 
training method 
number of training 

samples I word 
training sequence 
time of day 
time of week 
time since training 

Channel and 
Environmental 

Factors 
noise level 
type of noise 
communication bandwith 
spectral distortion 
vibration forces 
acceleration on speaker 
microphone type 
microphone placement 
signal amplitude 
tape recording distortions 
time stretching on analog 

tape, where analog tape is 
is used for testing wI a 
database 

temperature 
humidity 

'tanluale Factors 
size of active 

subvocabulary 
length of word 
number of syllables 
language spoken 
manner, place & 

voicing of the initial 
final, and medial 
consonants 

vowel pattern in word 
degree of coarticulation 
enhanceability of the 

vocabulary so that the 
device can handle new 
words 

stress in the word 
intonation in word 
rhythm patterns of 

prosody in word 

Task Factors 
type of device 
manufacturer & model 
interword pause 

duration 
interface wI system 
prior use & handling of 

device 
manufacturer's field 

experience wI real 
uses of recognisers 

Performance and 
Response 
Fastgtl 

type of error 
verification of decisions 

by visual (or other) 
display 

feedback of intermediate 
results 

procedure for correcting 
errors 

Background and Lite ratu ra . Review 

Ah:grjtbmjc Factors 
alignment of discret 

sampling wI waveform 
amplitude & time 

normalization procedures 
hard ware errors & 

variabilities in hardware 
characteristics among 

recognisers of same model 
positioning of word 

boundary locations 
resolution in the frequency 

spectrum 
set of acoustic 

parameters extracted 
degree of focus on speech 

distinguishing features 
number of time segments 

into which the utterance 
is sliced 

local distance measure for 
comparing short time 
segments & received 
acoustic pattern 

method of combining local 
distances into full-word 
distance for pattern 
matching 

pattern matching control 
strategy 

bits/word in reference 
pattern 

rejection threshold & method 
of rejecting errors that are 

confusably similar to 
more than 1 allowable word 

degree of dependence of 
algorithm on invariance of 

acoustic distortion in 
pattern 

degree of context-dependency 
or non-linearity of segment 
sequences in expected 

allowed syntactic complexity 
type of grammar used to 

characterise allowed 
structural combinations 

semantic & pragmatic variety 
permitted in discourse wI 
the machine 
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obtained was as high as 97.60/0. However, when one of the four speakers was female 

and the members trained and tested the device, the median accuracy declined to 

below 900/0. Similarly, different geographical dialects, ages, etc. within a user popu­

lation may result in even lower recognition accuracy rates for speaker-independent 

systems. 

Most currently available speech recognition systems are of the isolated-word variety, 

requiring a distinct pause between words. This is because connected and continuous 

recognition systems are still much less accurate than isolated-word systems (Reddy 

and Zue, 1983). As the rate of speech increases, word boundaries become shorter, 

or even nonexistent making it difficult to determine where one word ends and the 

next begins. For example, in the phrase "up and down'" the ending lid" in the word 

"and" is often merged with the beginning sound of the word "down", usually without 

even a brief pause between the words. Additionally, not only is the duration of a word 

spoken in succession with other words shorter, but the shortening is highly nonlinear. 

Generally, vowel sounds are shortened substantially more than consonants, thus 

changing the pronunciation of the word making template matching more difficult 

(Rabiner, Bergh, Wilpon, 1982). Also, the pronunciation of each word is influenced 

by the words preceding and following it. This effect is known as coarticulation and 

may significantly alter the speech signal of words spoken in succession (Kratt, 1980). 

For exampla, the ICd" and My" in "Did you ... " often become a Mj" sound when spoken 

rapidly. As a result, high accuracy is more easily obtained with isolated speech 

systems than continuous speech systems and will be for some time. 

Perhaps the most investigated environmental factor affecting recognizer accuracy is 

the ambient noise level (e.g. Coler, 1982; Drennen, 1980; Kersteen, 1982; Rollin~ and 
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Wieson, 1983; Simpson, Coler and Huff, 1982). High ambient noise levels can affect 

recognition in two ways. Most obviously, the background noise can mask the speech 

signal reducing the signal to noise ratio. In addition, under high noise levels speak­

ers tend to change their speech. In particular, speaking rates decrease, intensity and 

duration of utterances increase, vocal pitch increases and even the acoustic-phonetic 

structure of the speech is altered (Plscni et. ai., 1984). Though further research is 

needed to understand thoroughly the effects of different types and levels of noise on 

a recognition system, the general agreement is that recognition in low ambient noise 

conditions is usually only slightly more accurate than in high noise environments 

provided the system used in high noise conditions is also trained in the high noise 

conditions. The real problem arises when the recognizer is trained in one noise en­

vironment and used in another. Kersteen's study (1982) reports as much as an 180/0 

decrease in accuracy when the system is trained in a quiet environment and used 

under higher noise levels. As a result, for applications in which background noise 

levels are widely variable, high recognition accuracy may be difficult if not impossible 

to obtain. 

Though only a few of the influencing factors of recognition accuracy have been men­

tioned, the discussion should be sufficient to illustrate how sensitive recognition ac­

curacy can be. Studies identifying the effects of many of the factors InfluenCing 

accuracy have made up a large portion of the speech recognition literature. As the 

potential applications Increase, even more research is likely to be directed toward 

this purpose. 
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Accuracy and Task Performance 

It is not difficult to understand why researchers have paid so much attention to 

identifying factors which affect recognition accuracy. Naturally, the accuracy of a 

recognizer has the potential to have a major influence on the performance of the 

speech recognition system. Of course, the effects of a recognition error on the task 

performance are entirely dependent on the application. Perhaps the most cited ex­

ample of a need for near perfect accuracy levels is in the cockpit of a combat aircraft. 

Here, verification of all inputs is impractical, however a misrecognition could have 

catastrophic results and therefore initial correct recognition is necessary. To a lesser 

degree, Zarembo (1986) describes the need for high accuracy levels of the speech 

recognition system considered for use on the floor of the New York Stock Exchange. 

In this application, a misrecognition if not detected and corrected, could be financially 

devastating. 

In many applications, however perfect recognition is not critical. Either errors can 

be corrected easily or the effects of an uncorrected error are not especially harmfu I 

to the system. The literature contains numerous descriptions of applications of voice 

entry systems to industrial workstations. In such applications, the operator can usu­

ally be supplied with either visual or auditory feedback, allowing him to recognize and 

correct any recognition errors. Similarly, in office data entry tasks errors can be 

corrected easily. In such applications, a small number of uncorrected errors are not 

particularly harmful either. In fact, the errors resulting from even a simple recogni­

tion system may be fewer in number than those resulting when more conventional 

input devices are used. For instance, in a simulated air traffic control task, speech 
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input resulted in nearly 650/0 fewer errors than the keyboard method currently being 

used (Connolly, 1979). 

Though recognition errors are easily corrected in many applications, task completion 

time will no doubt be affected due to the time required for error correction. As 

pointed out by Knight and Peckman (1984), some recognition errors are likely to take 

more time to correct than others. Substitution errors (misrecognitions) may require 

the rongest time to correct since first the incorrect word must be deleted and next the 

correct utterance must be repeated. When the system fails to respond to an at­

tempted input (either a deletion error or a rejection error) the user must simply re­

peat the utterance, while when an insertion error occurs, the user merely deletes the 

u.nfntended input. Also, some errors may be more difficu It to correct than others. 

Misrecognition errors, depending on the task, may result in some unintended action 

being performed. This may be difficult to correct. They also may be difficult to detect, 

since as far as the system is concerned, it has recognized a word, whereas 

nonrecognition errors result when the system cannot recognize an intended input. 

In the case of nonrecognition errors, the system can often respond with a "beep" 

alerting the operator that an error has been made. 

Though task performance (time to complete the task, number of uncorrected errors, 

etc.) is generally thought to degrade as recognition accuracy declines, the exact na­

ture of this relationship has not been investigat'!3d. Many researchers have ques­

tioned whether small increases in accuracy have enough effect on system 

performance to warrant the cost and trade-offs in obtaining them (Harris, 1982; Pisoni, 

1986, Simpson et. al. 1985). This question is critical-because of the difficulty associ­

ated with obtaining higher and higher accuracy levels. Depending upon the effect 
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that a lower recognition accuracy will have on the task performance, the user may 

choose to forgo higher accuracy in favor of some other features. For example, Craft 

(1982) disc:Jsses the United States Postal Service's use of speech recognition in 

sorting mail. He suggests that slower speaking rates would reduce the number of 

recognition errors. However, the cost of doing so would be slower mail delivery. In 

this case, system performance was improved by trading recognition accuracy for in­

creased speaking rates. As another example, Poock at. a!. (1982) found that a 

speaker-dependent recognition system trained by several individuals could recognize 

the speech of a user whose speech patterns had not previously been entrained to the 

recognizer (a speaker-independent condition) with a corresponding decrease in re­

cognition accuracy of 4%. If the effects of an approximately 40/0 decrease in accuracy 

on the performance of a given task were known, the user group may find it more 

beneficial not to spend the time necessary to train the recognizer with each user's 

speech patterns and accept whatever degradation of system performance this de­

crease in accuracy may cause. If the effects of accuracy levels were known on task 

performance, similar trade-offs could be made for any number of features (e.g. high 

noise conditions, continuous speech, fewer training passes, etc.). 

Despite the difficulty in obtaining high accuracy levels and the potential effects accu­

racy levels may have on task performance, few studies have attempted to look at this 

relationship between accuracy and task performance. Williges and Dryden (1987), in 

comparing two different vocabularies found that the use of one resulted in nearly 

sixteen times more misrecognition errors than the other. The vocabulary resulting 

in more errors also required subjects to spend nearly three times as long to complete 

the task. This study clearly indicates that accuracy level does have a tremendous 

impact on task completion time. The present study has attempted to better define 
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that relationship. Subjects performed a data entry task under three predetermined 

levels of recognition accuracy_ Measures of task performance were taken to deter­

mine what effect different levels of accuracy have on this type of task. 

Accuracy and Acceptability 

Though many authors have recognized the fact that the accuracy level of a recognizer 

plays a major role in satisfaction of the user (e.g. Nusbaum and Pisani, 1986a; Lea, 

1982). clear evidence does not exist as to how user acceptance changes as a result 

of various accuracy levels. Even when lower accuracy levels do not significantly af­

fect task performance, the user may find the errors frustrating. On the other hand, 

small differences in accuracy level may not even be detectable to the user. 

Based on observation rather than empirical evidence, Nye (1982) suggests that ac­

curacy levels less than 90% will resu It In rejection by the user regardless of the ap­

plication. Low levels, he states, in the 90-950/0 range would possibly be accepted for 

use with toys and games, but for use in industrial and office tasks. higher levels 

would be necessary. In these cases, the operator is required to perform a certain 

task and uses the voice recognizer as a means of assisting him. If the recognizer 

fails to perform well, the user may quickly lose confidence in the system and become 

discouraged. 

Again, these guidelines are based on observation, not data collected under controlled 

conditions. Despite the importance of user acceptance, only one study has had as its 

major focus discovering how user acceptance changes as a result of accuracy level. 

Poock and Roland (1982) attempted to determine at what accuracy level user frus-
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tration was great enough to result in the user considering the system unacceptable. 

They varied the accuracy level at which the recognizer performed and had subjects 

read a list of task-related words. Afterwards, each subject completed a questionnaire 

as to the acceptability of voice input. The results of the study were disappointing, 

yielding only a small negative correlation between error rate and acceptability rating 

even though error rates involved ranged from 00/0 to nearly 200/0. The investigators 

acknowledge several shortcomings in their study which may have caused what they 

consider to be misleading results. Namely, the task required the subjects simply to 

read a list of words. Although they were stopped each time an error occurred, they 

were not required to correct the error. By simply reading a list of words, the users 

did not experience the frustration that would have occurred had they been performing 

a realistic task with a specified goal and were interrupted by recognition errors. In 

addition, each subject experienced only one level of recognition accuracy and was 

asked to rate the acceptability of voice input. Since most of the subjects had had no 

previous experience with voice recognition, even those who received high error rates 

were probably so impressed by the fact that a machine could understand speech that 

they rated it favorably. Once the novelty of the device wore off, recognition errors 

would likely have become more frustrating. Although the results were disappointing, 

this study was instrumental in guiding future research efforts. 

It is difficult even to extract from other investigations and case studies an idea of how 

users respond to speech recognizers operating at various accuracy levels. Few 

studies dealing with speech recognition systems report both the accuracy level at 

which the system operated and users' feelings about the system. As discussed pre­

viously, many studies have had the subject use a speech recognizer under various 

conditions (increasing noise levels for example) to determine if recognizer accuracy 
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was affected. These studies subject the user to various recognizer accuracy levels 

but since the primary goal is not to determine the users perceptions, no user com­

ments or ratings were reported. Other studies have been concerned with comparing 

different currently marketed recognizers (Baker, 1982; Doddington and Schalk, 1981; 

Nusbaum and Pisoni, 1986). Again, although a subject may experience a different 

accuracy level with each recognizer, no subjective measures were taken to deter­

mine how the subject felt about these differences, or even if the differences were 

noticeable to the user. Still other studies have compared voice input with other input 

methods (keyboard, mouse, etc.) and although the authors usually report the error 

rates associated with the voice recognition system, they have generally concentrated 

on objective performance measures rather than subjective ratings (Sweeney and 

Bitar, 1986; Taggart and Wolfe, 1981; Welch, 1977). 

On the other hand, several studies have reported users' subjective ratings and com­

ments about voice input but failed to report the average accuracy level -at which the 

speech recognizer was operating. For instance, Biermann, Rodman, Rubin, and 

Heidlage (1985) report subjects expressing a favorable attitude toward a voice inter­

active natural language system. However, instead of recognizer accuracy, the in­

vestigators reported the percentage of successful transactions where each 

transaction consisted of a complete sentence. An unsuccessful transaction could be 

the result of one or more recognition errors within the sentence, the subject using 

an invalid series of inputs, or the subject changing his mind midway through the 

sentence and cancelling the transaction. Though for their purposes, percentage of 

successful transactions was clearly the important measure, it does not allow any in­

ferences to be made about user satisfaction and accuracy Jevels. 
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In a similar manner, Poock (1980) reports very good user acceptance of a voice input 

system for operating a distributed computer network. In his study, however, the im­

portant measure was command input errors, whether they be due to a voice recog­

nition error or to the subject speaking the wrong command. In a study by Morrison, 

Green, Shaw, and Payne (1984), subjective measures indicate that the users did not 

favor voice input for a text editing task, but again, the investigators did not report the 

accuracy level at which the system was operating. 

Granted, in each case subject acceptance or rejection of the voice input system was 

likely due in part to a number of factors, only one of which was the accuracy of the 

machine. Perhaps though, some general patterns could be formed regarding ac­

ceptable accuracy levels had enough investigators reported both recognizer accuracy 

level and subjective ratings. 

The present study has attempted to overcome the procedural limitations of the Poock 

et. al. study (1982) and gain some knowledge of the effects of accuracy on user sat­

isfaction. In particular, subjects performed a realistic task with specified goals and 

were asked to correct all recognition errors. In addition, each subject experienced 

three different levels of accuracy so that they were not rating merely the acceptability 

of voice input, but the acceptability of voice input across different levels of recognizer 

accuracy_ 
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Vocabularf Size 

The second characteristic of the speech recognizer of concern in this study is the size 

of the vocabulary. This of course refers to the total number of different words the 

speech recognizer is able to identify. 

Difficulties Associated with Large Vocabularies 

As described earlier, nearly all currently available speech recognition systems de­

pend on a pattern-matching procedure for recognition and are, therefore, limited to 

identifying words which have previously been trained and stored in memory. Current 

technology limits the size of this vocabulary for several reasons. First, as the size 

of the vocabulary increases, the necessary storage space increases. Though once 

a considerable limitation, advancing computing systems have nearly eliminated this 

as a problem. More importantly, as the vocabulary increases, the number of input­

template comparisons which must be made before a best match can be determined 

also increases. As a result, greater computational power is required in order to keep 

the system response time from escalating (Kurzweil, 1986). 

Perhaps the most limiting problem of larger vocabulary sizes is the corresponding 

decrease in recognizer accuracy. As has been explained, perfectly accurate recog­

nition is not always critical, and the exact effects of lower accuracy levels on system 

performance are not known. However, for any applications reasonably good recog­

nition is required, and large vocabularies often result in very row accuracy levels. 
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Based on the template matching procedure of recognition, as the vocabu lary size in­

creases, the chance of misrecognition errors also increases due simply to the in­

crease in the number of comparisons which must be made. Most importantly, as the 

vocabulary size increases, the number of acoustically similar words within the vo­

cabulary naturally increases. 

The inherent confusability of vocabulary items has been shown to be one of the pri­

mary factors influencing recognition accuracy. Vocabularies consisting of a large 

number of acoustically simifar items (Le. "pen" and "ten", "bottle" and "bottom") 

pose a problem for speech recognizers. This is clearly illustrated in a study which 

used both the orthographic (written) alphabet and a phonetic alphabet (alpha, bravo, 

charlie, ... ) (Schurick, 1986; Williges and Dryden, 1987). The orthographic alphabet, 

of course, consists of a large number of phonetically and acoustically similar words 

(e.g., b, c, d, e, g, p, tt v, z). In a data entry task, use of the phonetic alphabet resulted 

in approximately 15% greater recognition than the same task performed using the 

orthographic alphabet. Similarly, in developing empirical prediction equations for 

speech recognizer performance, Spine, Williges, and Maynard (1984) first developed 

and tested two vocabulary types, an inherently confusable vocabulary and an acous­

tically distinctive vocabulary. As expected, performance differed drastically on the 

two, leading the researchers to develop separate models for each vocabulary type. 

In a series of studies (Levison, Rabiner, Rosenberg, and Wilpon, 1979; Rabiner and 

Wilpon, 1979) investigators showed that despite increasing the size of a vocabulary, 

better recognition can be obtained by reducing the similarity of the vocabulary items. 

Accuracy on a vocabulary of 39 acoustically similar words was only about 80% while 

on a larger vocabulary (54 words) consisting of more distinct words, accuracies as 

high as 980/0 were obtained. Inevitably, as vocabularies exceed one to two hundred 

Background and literature Review 21 



words, attempting to include only acoustically distinctive words becomes a futile ef­

fort. 

Because of the difficulties associated with large vocabulary speech recognition sys­

tems, most of the recognizers available today are limited to vocabularies of 100 to 200 

words. A few higher-priced systems are capable of identifying as many as 1000 

words. However, their high cost is prohibitive for many applications, particularly as 

computer entry devices for the disabled. These limited vocabulary recognizers have 

proven useful for a number of applications. Other tasks, which may possibly be aided 

by voice input, require more extensive vocabularies than can be accommodated by 

100 to 200 words. For example, one of the yet unrealized goals of many researchers 

is to develop an automatic dictation machine. A user simply composes a letter or 

report aloud and immediately receives a printed copy. For such applications, clearly 

a much larger vocabu lary is requ ired. 

Expanding Vocabularies through Syntax Control 

One method of extending the capabilities of smaller vocabulary recognizers is 

through the use of syntax structure (Fink, 1980; Nye, 1982). When the task involves 

entering a logical sequence of inputs, the choice of acceptable words at each point 

in the task is limited. By partitioning the total vocabulary into a set of smaller vo­

cabularies corresponding to the acceptable input choices at each point in the task, a 

large vocabulary may be accommodated by a recognizer with a modest vocabulary 

size. The total vocabulary may consist of several hundred words which are stored in 

memory away from the actual recognizer. When a subset of this vocabulary is re-

Background and Literature Review 22 



quired, it is downloaded into recognizer memory and then uploaded again when no 

longer needed. 

To illustrate the use of syntax control, suppose a mail order catalog company uses 

voice recognition to accept orders. After entering the item name, the buyer may be 

prompted for the color he wishes. At this point, the only acceptable inputs would be 

the names of colors. This subset of the vocabulary becomes active, the user inputs 

the desired color name, then the subset of color names is returned to storage. The 

next item to enter may be the quantity. At this point, the subset of digits (0-9) be­

comes the active vocabulary and so on. This is a very basic example of syntax con­

trol. More complicated syntax structures may be developed which, for example, use 

the rules of grammar to restrict word choices at each point in an English sentence. 

Syntax control, however is not without its limitations. Namely, the user is required 

to remember where he is in what can become a complex hierarchical arrangement 

(Nye, 1982). If he forgets which branch of the syntax tree he is in, the system may 

reject everything he says because he is using words from an inactive vocabulary 

subset. If the software provides for sufficient prompting and feedback, this problem 

may be minimal; otherwise the user must pay careful attention to which portion of the 

structure he enters, which increases the task workload on the user. In applications 

which use grammatical syntax control, other problems arise. For example, when 

composing a letter the user may first wish to dictate a rough draft in order to get his 

ideas in print quickly. It is doubtful in such a case that the user will always use 

grammatically correct English sentences. Being forced to comply with the required 

syntax structure may cause substantial interference with the thought processes 

(Meisel, 1986). 
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I n some situations, syntax control simply cannot be used as a means of increasing 

vocabulary size. Clearly, to use syntax control, the task must be one in which the 

inputs are structured in some fashion. As mentioned before, dictating an unformatted 

rough draft would not lend itself to the use of syntax control. In addition, some sub­

vocabularies are too large for a. recognizer to handle, yet cannot be divided any 

smaller. And there are situations where the possible input items are not predictable 

such as all of the possible customer names in the mail order catalog example used 

earlier. 

Expanding Vocabularies thru Character-level Entry 

A second method of increasing the number of possible inputs does not suffer from 

these limitations. This method uses the speech recognizer as a voice activated key­

board. The user enters text character-by-character rather than word-by-word. Most 

frequently used words can be entered at the word level, while any remaining words 

can be entered by spelling them. Even as technology allows recognizer vocabularies 

to increase (see for example Kur~weil, 1986) the possibility always exists that a new 

word not previously trained will need to be entered. Also, because of the time re­

quired to train larger and larger vocabularies (Nusbaum and Pisoni, 1986), it may be 

more efficient to enter a large number of Infrequently used words by spelling them 

rather than training all of them in advance even when the recognizer has the capacity 

to do so. 
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Effects on Task Performance 

The efficiency of this method of speech entry has been investigated only to a limited 

degree. Spelling words is of course slower than entering complete words. One study 

found that in a task consisting of text, digits, and control words, word-level entry re­

sulted in an average entry rate of 32.5 words per minute while character level entry 

was slower at an average rate of 22.5 wpm (Schurick, 1986; Williges and Dryden, 

1987). 

Naturally, the smaller the recognizer's storage capacity, the more words must be 

entered by ·spellmode". Therefore, time to complete a task will no doubt increase 

with smaller recognizer vocabulary sizes. The nature of this relationship was inves­

tigated in part by Gould, Conti, and Hovanyecz (1983). The purpose of the study was 

to determine the feasibility of a limited capability automatic dictation machine, or as 

they called it, a listening typewriter. In doing so, they simulated along with isolated 

and connected speech modes, various vocabulary sizes. In the first experiment us .. 

ers composed and edited letters with the simulated voice recognizer which had either 

a 1000 word vocabulary or an unlimited vocabulary. The 1000 word vocabulary was 

composed of the 1000 most frequently used English words. An analysis afterwards 

indicated that roughly 75% of aU of the words used in the letter writing task were 

available in the 1000 word vocabulary, while the remaining 25% were entered by 

spelling them. The unlimited vocabulary, of course, required no spelling. Task 

completion time was fou nd to be slower when users were requ ired to enter a portion 

of their inputs by spell mode. To compose and edit a letter using the 1000 word vo .. 

cabulary required almost 300/0 more time than when the unlimited vocabulary was 

used (averaged for both isolated and continuous speech modes). Time to comf')ose 
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a letter using isolated speech and the 1000 vocabulary may in fact take even longer 

than this study indicates. In composing letters using isolated word entry, subjects 

were required to leave a distinct pause between words just as would be necessary 

with an actual isolated-word speech recognition system. However, when the subjects 

entered spell mode, they were no longer required to speak in isolated utterances. It 

is not clear why the researchers chose to simulate the system in this manner, be­

cause most isolated speech recognition systems would require isolated speech at 

all times. So in fact, there is likely an even greater difference in task completion time 

for the two vocabulary sizes than this study indicates. 

In the second experiment, in addition to the 1000 word and unlimited vocabulary, a 

5000 word vocabulary was also investigated. This vocabulary was found to include 

approximately 900/0 of all the words used by the subjects in the letter writing tasks, 

therefore only 100/0 of the inputs were entered character-by-character. Resu Its indi­

cated a smaller difference between task completion times for the 5000 word vocabu­

lary condition and the unlimited vocabulary condition. Under the 5000 word 

vocabulary condition, this group of subjects required approximately 17% longer to 

complete the task than when using the unlimited vocabulary, and nearly 400/0 longer 

when using the 1000 word vocabu lary. These resu Its are for the isolated speech 

condition only because in order to reduce the complexity of the design the re .. 

searchers did not evaluate the 5000 word vocabulary in conjunction with the contin­

uous speech mode. As in the first study, when using the isolated speech condition, 

subjects were not required to speak in isolated utterances during spell mode. 

Therefore, the task completion times for the limited vocabulary conditions would 

likely be even greater in comparison to the unlimited vocabulary conditions. 
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In another study, Williges and Dryden (1987) varied the amount of character-level 

entry required for a data entry task. In what they called the efficient dialogue, ap­

proximately 100/0 of the input was entered by spellmode while on the same task using 

what they term the inefficient dialogue, somewhere between 20 and 300/0 of the en­

tries were spelled. Using the inefficient dialogue, subjects required nearly three 

times as long to complete the task as with the efficient dialogue. These results 

however, are confounded with another factor. As mentioned earlier, one of the pri­

mary factors of interest in this investigation was the difference in recognition accu­

racy and entry speed between the phonetic and the orthographic alphabets. Spelling 

under the efficient dialogue used a phonetic alphabet while spelling under the ineffi­

cient dialogue used the orthographic alphabet. Naturally, because of the increased 

recognition errors when using the orthographic alphabet (nearly 150/0 more errors), 

much of the difference in task completion time was due to the increased amount of 

error correction necessary rather than the increased amount of character-level entry 

required. Unfortunately, the results do not allow inferences to be made regarding 

what portion of the time difference was due to each factor. 

In the present study, subjects performed a data entry task using speech input. In 

each trial, they used one of three vocabularies differing in the percentage of words 

which could be entered by word-level entry. Time to complete the task and number 

of errors were collected and analyzed in order to determine what, if any, effects vo­

cabulary size has on these measures. 
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Effects on User Satisfaction 

The Gould et. al. (1983) study also measured user's attitudes regarding the different 

recognizers they used. In the first experiment, after each condition the subject would 

rate the recognizer on a seven point scale, anchored on either end by "significantly 

worse than writing (1)" and "significantly better than writing (7)". The conditions 

which used a 1000 word vocabulary averaged a 5.0 preference rating while the un .. 

limited vocabulary conditions averaged a 5.75 rating (averaged across both isolated 

and continuous speech modes). Subjects' comments indicated that having to stop 

and spell words interrupted their train of thought but if they waited until the end of the 

task to correct the unidentified words, they often forgot what they had intended to say. 

Had the subjects been required to speak in isolated utterances while spelling words 

during the isolated speech conditions, they may have found the constrained vocabu­

lary even more disrupting to their task and may possibly- have rated it lower. 

In the second experiment, the subjects were all experienced dictators, and instead 

of comparing the voice input to writing, they compared it to their favorite method of 

composing letters whether that be writing, dictating to a machine, or dictating to a 

secretary. Again, a seven-point scale was used. On average, subjects rated the 1000 

word and the 5000 word recognizers less favorable than their preferred method (2.25 

and 3.5 respectively). while the unlimited vocabulary conditions received a slightly 

more favorable rating (5.0) (averaged across both speech modes). Remember how­

ever. that the 5000 word vocabulary was not used in conjunction with the continuous 

speech mode which generally was rated more favorable than isolated speech. 

Therefore the average rating for the 5000 word vocabulary condition under both 

Background and Literature Review 28 



speech modes would likely be higher and may have even surpassed the neutral rat­

ing of "the same as my favorite method (4)". 

In the present study, each subject used the speech recognition device for a data entry 

task. Three levels of available vocabulary size were investigated. After each treat­

ment condition, the subject rated the device on a number of parameters. These pa­

rameters have been analyzed in order to discover the effects of different vocabulary 

sizes on the acceptability of voice input. 

Age 

Speech recognition systems may well find their way into a wide variety of applica­

tions including not only those in which a small group of workers will share the sys­

tem, but also those which will be available to the general public. An example of such 

a system wou Id be an automated teller machine which recognizes the speech of its 

users. As such, it is necessary to determine how different age groups, including 

those not usually found within the same working communities, respond to speech 

recognition systems. 

It is well known that age is a significant factor influencing performance in many tasks. 

However, Ogozalek and Praag (1986) investigated the effects of age on performance 

of a letter composition task using speech input and found no significant differences 

between younger and older users. The letter composition task was similar to that 

used by Gould et. al. (1984), requiring subjects to enter and edit letters. Older sub-
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jects performed as quickly. accurately. and effectively as the younger subjects. It 

should be noted. however, that the older subjects used in this study were at the time 

enrolled in a computer course, and in fact may not be representative of the general 

population of older persons. In addition, subjects in the study were not required to 

make a large number of error corrections because the simulated "listening 

typewriter" had an unlimited vocabulary and did not misrecognize words. A study 

by Rosson and Mellon (1985) indicates that older adults may in fact have more diffi­

culty in correcting errors in slJch a task than younger ones, which ultimately means 

task performance wou Id be poorer for older persons when error correction is in­

volved. Their study involved a data retrieval task using a hierarchical data structure 

as well as synthetic speech. Younger subjects were able to use the system much 

more quickly and more accurately, primarily because they had less difficulty correct­

ing errors. The task in this study was not very similar to a speech input task, how­

ever, the procedure for correcting errors was. Therefore, it is not unreasonable to 

propose that higher misrecognition rates may be more detrimental to system per­

formance for older than younger people. 

The age of a person has been shown to affect significantly his/her perceptions of high 

technology equipment as well (Clark, 1986). Different age groups of users may not 

only have different views concerning speech input in general, but may also have dif­

ferent expectations as to the capabilities a system must have before it is considered 

acceptable. The Ogozalek and Van Pragg (1986) study measured users' attitudes to­

ward the "'listening typewriter" and found that older subjects were much more en­

thusiastic about using such a system. As mentioned before, this study did not 

simulate different vocabulary sizes or accuracy levels and therefore subjects experi­

enced a near-perfect speech recognition device. The Poock and Roland (1982) study 
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investigated the relationship between age of the subject and the acceptability of dif­

ferent accuracy levels. No relationship was found, but because of the problems as­

sociated with the study (as discussed before), these results are not conclusive. For 

applications which attract a wide range of users, the system should be designed to 

accommodate all possible users. For this reason, it is necessary to know how dif­

ferent age groups of people respond to voice recognition. 

The present study involved three groups of subjects ranging in age from 20 to 55 

years. Objective and subjective measures have been analyzed with respect to age 

in order to determine whether these measures are dependent on the age of the user. 
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Method 

Subjects 

Three groups of participants with six subjects in each group (for a total of 18 subjects) 

were sought from the university community to participate in this study and were 

compensated for their time. The youngest group consisted of subjects between the 

ages of 20 and 25 years. The intermediate age group was comprised of subjects be­

tween the ages of 35 and 40 years, while the older group consisted of subjects be­

tween the ages of 50 and 55 years. These particular age groups were chosen 

because they represent a wide range of users and because subjects within these 

ages are readily available within a university community. Each group was equally 

divided across gender. All participants were requ ired to be native speakers of Eng­

lish, to have no detectable speech impediments, and to have had no previous expe­

rience with voice recognition. The questionnaire.used to screen potential subjects 

is presented in Appendix A. 
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Experi"!ental Apparatus 

Because of the need to manipulate experimentally the operating accuracy level and 

vocabulary size, a simulation of a speech recognizer rather than an actual recognizer 

was employed (to be discussed in detail in the Experimental Procedure section). This 

simulation used two Digital Equipment Corporation VT220 terminals connected to a 

VAX 11/750 mainframe system operating under VMS, and a specially developed 

PASCAL program. A General Electric video cassette recorder was used to record 

both audio and video signals. 

Experimental Design 

The experianental design consisted of a 3x3x3 mixed-factor factorial design. The de­

sign matrix appears in Figure 1. This design involves three independent variables: 

recognizer accuracy, available vocabulary, and user age. 

Recognizer accuracy is a fixed-effects, within-subject variable. As shown in Figure 

1, three levels were investigated: 91%, 950/0, and 990/0. As discussed previously, 

recognizer accuracy refers to the number of spoken vocabulary items which are cor­

rectly identified by the recognition system. I n the 91 % recognition condition for ex­

ample, 9 of every 100 spoken vocabu lary words were not identified by the system. 

Available vocabulary is a fixed-effects, within-subject variable. For this study, the 

available vocabu lary refers to the percentage of words needed for the task which 
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Figure 1. experimental Design: A 3x3x3 within subject factorial design 
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appear in the recognizer's vocabulary. For instance, if all the words which are 

needed in the task have been previously trained and are available for use, the avail­

able vocabulary is referred to as 1000/0. If however, the recognizer is not able to ac­

commodate as many words and for example, 20% of the needed words must be 

entered by spelling them, then the available vocabulary is referred to as 800/0. This 

measure, as opposed to simply the number of words in the recognizer's vocabulary, 

was chosen because it describes the recognizer vocabulary with respect to the task 

requirements. After all, its the difference between the number of words required for 

a task and the number of words the recognizer is able to discriminate that indicates 

the amount of character-level entry required. This measure, then, is generalizable to 

tasks requiring any vocabulary size. An 80% available vocabulary could equally de­

scribe a recognizer with a 100 word vocabulary applied to a 125 word task or a 

recognizer with a 500 word vocabulary used for a task requiring 625 different words. 

In each case, 20% of the inputs will be made using character-by-character entry. This 

study investigated three fevers of available vocabulary: 750/0, 87.5%, and 100%. 

Subject's age is a fixed-effect between-subject variable with three levels: young 

(20-25 years). intermediate (35-40 years), and older (50-55 years). Because the third 

factor, age, is a between-subject variable, each subject experienced 9 treatment 

conditions (resulting from the three levels of recognizer accuracy and the three levels 

of vocabu lary size). By using 18 subjects, it was possible to balance the presentation 

order of these 9 treatment conditions using a Latin Square arrangement. Because the 

number of treatment conditions is odd, two Latin Squares were used to balance the 

design, thereby requiring 18 subjects, six from each of the three age groups. Table 

2 illustrates the presentation order of the 9 treatment conditions to each of the 18 

subjects. 
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Table 2. Treatment condition presentation order 

1 2 3 4 5 

1 2 3 4 5 
9 1 2 3 4 
2 3 4 5 6 
8 9 1 2 3 
3 4 5 6 7 
7 8 9 1 2 
4 5 6 7 8 
6 7 8 9 1 
5 6 7 8 9 

where treatment 

Method 

6 

6 
5 
7 
4 
8 
3 
9 
2 
1 

Subject 

7 8 9 10 

7 8 9 5 
6 7 8 6 
8 9 1 4 
5 6 7 7 
9 1 2 3 
4 5 6 8 
1 2 3 2 
3 4 5 9 
2 3 4 1 

1 corresponds to 
2 
3 
4 
5 
6 
7 
8 
9 

11 12 13 14 15 16 17 18 

6 
7 
5 
8 
4 
9 
3 
1 
2 

7 8 9 1 2 
8 9 1 2 3 
6 7 8 9 1 
9 1 2 3 4 
5 6 7 8 9 
1 2 3 4 5 
4 5 6 7 8 
2 3 4 5 6 
3 4 5 6 7 

(voc 75, ace 91) 
(voc 75, ace 95) . 
(voc 75, ace 99) 
(voc 87.5, ace 91) 
(voc 87.5, ace 95) 
(voc 87.5, ace 99) 
(voc 100, ace 91) 
(voc 100, ace 95) 
(voc 100, ace 99) 

3 4 
4 5 
2 3 
5 6 
1 2 
6 7 
9 1 
7 8 
8 9 

36 



A 3 x 3 complete factorial design can be viewed as a special case of a second-order 

response surface methodology central-composite design (Cochran and Cox, 1957). 

It is considered a special case because it meets the conditions of a central composite 

design, yet is still a complete factorial thus also allowing for an analysis of variance. 

The design used in this study was chosen so that it could be considered as one or 

more 3x3 factorial designs. If initial analysis were to indicate no significant age main 

effect, the design would be collapsed across age to form a single 3x3 within subject 

design (accuracy x available vocabulary) with 18 subjects assigned to each treatment 

condition. If initial analysis found the age main effect significant, then the design 

could be considered a 3x3 within-subject design replicated either two or three times, 

depending upon whether post-hoc tests indicate two or three significantly different 

age groups. In the case that two significantly differently age groups are identified, the 

result would be two 3x3 designs with 6 subjects assigned to one and 12 subjects as­

signed to the other. For three significantly different age groups, the design would 

then be viewed as a 3x3 design replicated three times, with 6 subjects assigned to 

each. Figure 2 illustrates this idea. 

Dependent Variables 

In order to understand the in'nuence of recognizer accuracy and available vocabulary 

on the usefulness of voice input, two types of data were collected from each subject. 

Objective measures were collected and used to determine the effects of recognizer 

accuracy and available vocabulary on task performance. Subjective measures were 
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a) ANOVA indicates no significant age main effect 

b) ANOVA indicates a significant age main effect 
S-N-K identifies 2 significantly different groups 

L 
N-6 

/' // 
N-6 

1/ 

/// / 

// 

N-B V V Age~roup 
/ 

V Age group 
1 

c) ANOVA indicates a significant age main effect 
S-N-K identifies 3 significantly different groups 

Age group 
2 

/ 

V 

V 

V Age group 
3 

Figure 2. Experimental design viewed as (a) a single 3x3 design (b) a 3x3 design replicated twice 
or (c) a 3x3 deSign replicated three times 
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collected and analyzed to determine the effects of recognizer accuracy and available 

vocabulary on the subjects' judgement of acceptability of voice input. 

Task completion time was the primary objective measure of interest. This time was 

measured from when the subject spoke the first input to when the recognizer dis­

played the last spoken word of the task. This includes time to enter data, detect re­

cognition errors, delete those incorrect entries and repeat the correct word. Because 

the possibility existed that a subject would not detect a recognition error or an invalid 

vocabulary item, the number of uncorrected errors remaining at the end of a session 

was also recorded for each session. (The exact types of errors which may occur are 

discussed in the Experimental Procedure Section.) To form a more meaningful 

measure, the percentage of incorrect words remaining at the end off each trial was 

calculated. This measure is simply the number of incorrect words divided by the total 

number of words, and is referred to as Percent Final Error or simply as the final error 

rate. 

In addition to performance measures, subjective satisfaction with the voice recogni­

tion system was assessed following each treatment condition. The instrument used 

for subject evaluation of the voice input system was a set of 13 bipolar rating scales. 

These 13 bipolar scales consisted of an overall acceptability scale and 12 individual 

adjective scales. These adjectives and the anchors for the accompanying seven­

point scale are presented in Table 3. This fTlultidimensional approach. as opposed 

to using a single acceptable/unacceptable scale, is based on work by Osgood, Suci, 

and Tannenbaum (1957) who suggest that results obtained in such a manner are 

more representative and reliable than when only a single measure is used. The 

specific adjectives used were chosen based on a scale developed by Coleman (1985) 
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Table 3. Subjective rating scale 

Acceptable Unacceptable 

Method 

1 __________________ 1 I 

extremely quite slightly neutral slightly quite extremely 

Fast 
Accurate 

Natural 
Complete 

Comfortable 
Consistent 

Pleasing 
Dependable 

Friendly 
Facil i tating 

Simple 
Useful 

Slow 
Inaccurate 
Unnatural 
Incomplete 
Un com fort a b Ie 
Inconsistent 
Irritating 
Undependable 
Unfriendly 
Distracting 
Complicated 
Useless 
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to evaluate the interface of a text editor. In order to be more applicable for evaluating 

a speech input system, however, it was necessary to modify the scale. Although 

Coleman clearly describes the procedure used in constructing his scale, the proce­

dure could not be implemented here because it relies heavily on querying experi­

enced users of systems similar to that which is to be evaluated. Because speech 

input systems are not in wide-spread use, experienced users are not common. 

Therefore, the bipolar adjective scale used in this study is simply a modification of the 

existing scale rather than a complete reconstruction. 

Experimental Procedure 

Before a detailed account of the experimental protocol is presented, a discussion of 

the method for manipulating accuracy level and vocabulary size follows. 

Accuracy and Available Vocabulary Control 

As described before, this study considered three levels of accuracy as well as three 

levels of avaUable vocabulary. Because of the enormous number of factors which 

affect recognition accuracy, it is not possible to predict, much less manipulate the 

accuracy at which a recognizer will operate. In addition, this study considered a very 

high accuracy rate (990/0) and a large vocabulary. Both of these features are difficult 

if not impossible to obtain from currently available speech recognition systems. For 

these reasons, a simulation of a speech recognizer rather than an actual speech re-
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speech recognition system was developed and used. This method of studying re­

cognition systems has become popular within the past few years because it gives the 

researcher the capability of experimentally varying different recognizer features as 

well as evaluating new systems before they are fully developed (e.g. Cole, 1986; 

Gould et. a!., 1983; Holmgren, 1983; Kinkead, 1986; Poock and Roland, 1982; and 

Zoltan .. Ford, 1984). 

The simulation used in this study is based in part on that used by Gould et. a!. (1983). 

From the subjects' perspective, the simulation appeared quite realistic. He/she 

spoke into a microphone and the word spoken appeared on a CRT display terminal 

positioned in front of him. In actuality however, the microphone led not to a voice 

recognition machine, but to a skilled typist seated in an adjacent room. As the sub­

ject spoke, the typist typed exactly what was spoken. This information appeared not 

only on the typist's computer terminal, but also on the subject's terminal which was 

yoked to the typist's through the system mainframe. A video cassette recorder was 

connected to the typist's terminal screen and to the microphone in order to record 

each experimental condition. 

Because accuracy fevels of less than 1000/0 and available vocabularies of less than 

1000/0 were being investigated, not everything the subject said was "recognized". 

Therefore, ~ method was necessary to determine which spoken words were indeed 

acceptable vocabulary items and which inputs would be "misrecognized". Clearly, 

if quick system response were to be obtained, this task could not be the responsibility 

of the typist. Therefore, for this purpose, a computer program was developed to ac­

cept the typist's input and determine the feedback sent to the subject. As the typist 

enters a spoken word, the program first compares the input word with the database 
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of acceptable vocabulary items. The contents of this list of course changed during 

the study depending upon the available vocabulary level being simulated. For the 

1000/0 vocabulary condition, the list contained all the words necessary to complete 

the task. Even in this condition it was necessary to compare the spoken word with 

a vocabulary list to avoid accepting an unintended input which should clearly not be 

contained in the task vocabulary (e.g. the subject speaking to himself or to the ex­

perimenter during the task). The 87.50/0 available vocabulary comprised fewer words, 

and the 750/0 vocabulary even fewer. When the subject attempted to input a word not 

contained in the acceptable vocabulary, the recogf}izer returned instead the symbol 

XXXX indicating to the subject that the spoken word was not recognized. 

To simulate the various accuracy levels, the program randomly selected a number 

of words to be either misrecognized or not recognized. The number of words se­

lected depended on the accuracy level being simulated. For example, during the 

91 % accuracy condition, 9 of every 100 spoken inputs were selected by the program 

as "recognition errors". Of the recognition errors, approximately one third were 

substitution errors and two thirds were nonrecognition errors. To simulate a 

misrecognition, the program returned a predetermined runner-up word to the sub­

jects' screen rather than the spoken word. For each vocabulary item, a runner-up 

word which is acoustically similar to the given word was defined. To simulate a 

nonrecognition, the program returned the symbol XXXX. No distinction was made 

between a nonrecognition and an Invalid vocabulary item because in actuality, a true 

voice recognition system would not be able to distinguish the two. 
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Data Entry Task 

The task itself involved using speech input to enter information similar to that needed 

in an apparel store inventory control system. The information to be entered included 

the item name, the item stock number (5 digits), the quantity, and other descriptive 

information depending on the product (i.e. color, fabric, etc.). As mentioned, three 

levels of available vocabulary were investigated. In the 100% available vocabulary, 

all of the inputs were made by word-level entry. For the smaller available vocabulary 

levels, a portion of the words were chosen as not belonging to the recognizer's vo­

cabulary and therefore required character-level entry. The words chosen were those 

which would not be expected to appear frequently in such an application. For ex­

ample, for the 75% vocabulary condition, 250/0 of ail the words to be entered were 

not included in the allowable vocabulary_ These words were those which probably 

would not appear very often if the whole possible range of products were consid­

ered. The digits (0-9), popular colors, and general categories of merchandise (e.g. 

blouse, shoes, coats, etc.) were included while less frequently used words (e.g. 

turquoise, spandex, argyle, etc.) required character level entry. 

1n such an application, it is reasonable to assume that an experienced operator has 

a fairly good idea of which words are in the vocabulary and which must be entered 

character-by-character and would therefore avoid first speaking words which must 

be spelled. However, the subjects in this study were naturally not familiar enough 

with the task to know the vocabulary limitations and would therefore probably speak 

each word first, then spell those which were not recognized. In 9rder to represent 

an actual task more realistically, the inventory list the subject received was color-
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coded indicating which words may be spoken (black) and which words must be 

spelled (red). 

The subject received a stack of inventory cards and was told that these cards re­

presented the shipping forms accompanying each item arriving at the department 

store's warehouse. A sample illustration of a card is presented in Figure 3. Each 

card contained the item name, stock number, quantity included, and descriptive in­

formation. As explained to the subject, all of this information was to be entered into 

the computer so that the company can keep a record of the inventory they receive. 

They were to use voice input to enter the information and were provided a CRT dis­

play for both prompting and visual feedback. An illustration of this display screen is 

also shown in Figure 3. Subjects first spoke the item name and then said "enter" to 

move to the next data field where they spoke the stock number, digit by digit. They 

continued until all information on a single card had been entered and then said 

"done" to transmit the information and proceed to the next inventory card. Each of 

the 9 experimental trials consisted of 15 different inventory cards. The number of 

words varied from card to card, but the total number of words contained on a set of 

15 cards was 225 words. Therefore, the same amount of information was entered 

under each of the 9 treatment conditions. 

While entering information, misrecognitions and nonrecognitions occurred frequently 

(depending upon the condition, of course). In the event of a misrecognition error, the 

subject would say "back" to erase the incorrect word and then repeat the item. The 

same procedure was used to correct a nonrecognition, saying "back" to erase the 

. XXXX symbol, and then repeat the entry. When subjects encountered a word printed 

in red (meaning the word was not contained in the recognizable vocabulary), they first 

Method 45 



Item: Mens Tailored Jacket 
LD.#: 4 8 9 7 8 

Material: Wool and Rayon Blend 
Color: Gray Houndstooth 

Quantity: 16 

Example inventory card 
* italicized words represent those which appeared 

in red print on the subject's card 

item: 
1.0.#: 

Material: 
Color: 

Quantity: 

Keywords: BACK NEXT SPELL ENTER REMOVE DONE 

Illustration of subject's screen 

Figure 3. Sample data card and illustration of subjects' screen 
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said "spell" which then allowed them to enter the word character by character. They 

then said "end spell" to return to word-level input. As seen in Figure 3, the list of 

commands were displayed on the terminal screen at all times to provide a prompt for 

the subject. While the subject was in word-level entry mode, the commands con­

sisted of enter, done, back, next, and spell. When the subject entered character-level 

entry, the choice of acceptable commands decreased and only back, next, and end 

spell were active. Recognition errors were simulated not only while entering words, 

but also while spelling (Le. print an "e" when a lib" was intended) and while speaking 

commands. Subjects corrected these errors in a similar manner. An even more de­

tailed description of the data entry and error correction procedures can be found in 

Appendix C. 

Protocol 

Each subject participated in two experimental sessions, each lasting approximately 

2 hours and fifteen minutes. The first session began by having the subject read a task 

description, read and sign an informed consent form, and review the subjective rating 

scales. He then received a practice trial in which he entered inventory information 

from a set of 15 data cards, while the experimenter answered any questions which 

may have arisen. Next, the actual experimental trials began. The first day, each 

subject completed 4 of the 9 treatment conditions. The subject was instructed to 

speak in a "connected-speech" mode and was asked to speak more rapidly or more 

slowly by the experimenter if necessary. This was rarely ever necessary, however, 

because each subject seemed to adopt a pace that would allow him to monitor the 

feedback and correct any errors before the next word was entered. In addition, it was 
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stressed that subjects speak each word clearly. After each trial, the subject re ... 

sponded to the subjective rating scales. On the second day, each subject received 

the remaining five treatment conditions, was debriefed, and paid for participation. 
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Data Analysis and Results 

Task Completion Time 

The time required for each subject to complete the task under each of the 9 treatment 

conditions was recorded (in seconds). Again, this time was measured from when the 

subject spoke the first word on the first data card to when the system displayed the 

last spoken word of the last data card of the set. 

An ANOVA was run on the resulting times using Accuracy, Available vocabulary, and 

Age as the main effects. These results are shown in Table 4. The main effects of 

both Accuracy and Vocabulary were significant (p < 0.001), as was their interaction 

(p < 0.001). The main effect of Age was not found to be significant, (p > 0.05), 

however the interaction between Age and Accuracy was (p < 0.05). A Student­

Newman-Keuls test was performed on the means of the significant effects as shown 

in Table 5. 
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Table 4. Anova for Task Completion Time (Combined Age Groups) 

Source df SS F Prob 

Between Subjects 
Age 2 151057.64 .1.01 0.3874 
Subjects (S) 15 1120892.09 

Within Subjects 
Aoc 2 2008349.86 132.79 0.0001 
AccxAge 4 121240.62 4.01 0.0101 
Acc x S(Age) 30 226855.74 

Voc 2 7720077.64 159.06 0.0001 
VocxAge 4 116091.06 1.20 0.3329 
Voc x S(Age) 30 728039.52 

AccxVoc 4 256631.84 6.22 0.0003 
Acc xVoc x Age 8 90403.12 1.10 0.3790 
Ace x Voc x S(Age) 60 618871.48 

Total 161 13158510.62 
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Table 5. Student·Newman·Keuls Test for Task Completion Time (Combined Age Groups) 

Voc Mean Acc Mean 

75 1139.39 A 91 1101.00 A 

87.5 871.19 B 95 865.78 B 

100 604.67 C 99 738.46 C 

AccxVoc Mean AccxAge Mean 

91 x 75 1331.39 A 91 x 3 1064.78 A 

95x 75 1157.61 B 91 x2 1032.72 A 

91x 87.5 988.83 C 91 x 1 935.50 B 

99x75 929.17 C 95 x 3 921.44 BC 

95 x 87.5 858.78 D 95x2 862.50 CD 

99 x 87.5 765.94 E 95 x 1 813.39 D 

91 x 100 712.78 E 99 x 1 749.67 

95 x 100 580.94 F 99x3 736.11 

99 x 100 520.28 F 99x2 729.61 

*Means with the same letter are not significantly different from each other at 
p < 0.05 

Data Analysis and Results 
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All three levels of available vocabulary were significantly different from one another 

as were all three levels of accuracy, with task completion time increasing with a de­

crease in either available vocabulary level or accuracy. 

As noted before, a significant age main effect for task completion time was not found, 

however, the Age x Accuracy interaction was found to be significant. As such, it 

would likely be worthwhile to analyze the data collapsed across age as well as sep­

arated into the three age groups. Figure 4 shows the mean task completion time by 

accuracy and available vocabulary for the collapsed data while Figures 5, 6, and 7 

show the same for each separate age group. In each case, a reduction in either 

available vocabulary or accuracy level produces an increase in task completion time. 

As shown in Tables 6, 7, and 8, ANOVA's were then performed on each age group 

individually. In each case, the main effects of Accuracy and Available vocabulary 

were significant (p < 0.001) with post-hoc Student-Newman-Keuls tests indicating 

significant differences between all three levels of Available vocabulary and all three 

levels of Accuracy, as shown in Tables 9,10, and 11. The interaction of Avaifable vo­

cabulary and Accuracy was not significant for the youngest age group (p> 0.05) but 

was for age group 2 (p < 0.001) and age group 3 (p < 0.05). The student-Newman­

Keuls tests reveal slightly different loci of significance for the two groups as illus­

trated in Tables 10 and 11. 

As described before, the design used in this study is suitable for response surface 

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

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

squares. The procedure's output includes the regression equation, the coefficient of 

determination (R-squared), lack of fit, and the significance of the linear, quadratic, and 
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Task Completion Time by Available Vocabulary and Accuracy 

Combined Age Groups 
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Figure 4. Task Completion Time by Available Vocabulary and Accuracy (Combined Age Groups) 
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Task Completion Time by Available Vocabulary and Accuracy 

Age Group 1 
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Figure 5. Taak Completion Time by Available Vocabulary and Accuracy (Age Group 1) 
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Task Completion Time by Available Vocabulary and Accuracy 

Age Group 2 
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Figure 6. Task Completion Time by Available Vocabulary and Accuracy (Age Group 2) 
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Task Completion Time by Available Vocabulary and Accuracy 

Age Group 3 

30~--------------------------------~ 

25 

..-. 20 

== .-e 
---t:J e .• 
E- • I: 15 Ace 91 
<:> .. Acc9S .. ...... 
t:J DJ Ace 99 -c.. e 
Q 

U 
~ 10 fIJ 
~ 

E-

5 

o 
75 87.5 100 

Available Vocabulary (percent) 

Figure 7. Task Completion Time by Available Vocabulary and Accuracy (Age Group 3) 
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Table 6. Anoya for Task Completion Time (Age Group 1) 

Source dj SS F Prob 

Between Subjects 
Subjects (S) 5 19226.37 

Within Subject 
Ace 2 321034.04 28.13 0.0001 
AccxS 10 57060.41 

Vex; 2 2159708.48 31.40 0.0001 
VocxS 10 343864.63 

AccxVoc 4 63873.63 0.92 0.4714 
AccxVocxS 20 346883.26 

Total 53 3311690.81 
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Table 7. Anova for Task Completion Time (Age Group 2) 

Source df SS F Prob 

Between Subjects 
Subjects (S) 5 190172.39 

Within Subject 
Ace 2 831068.44 83.31 0.0001 
AccxS 10 49880.67 

Voc 2 2727090.44 410.91 0.0001 
VocxS 10 33183.67 

Ace x Voc 4 158289.78 11.25 0.0001 
AcexVocxS 20 70368.44 

Total 53 4060056.83 
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Table 8. Anova for Task Completion Time (Age Group 3) 

Source df SS F Prob 

Between Subjects 
Subjects (S) 5 911453.33 

Within Subject 
Ace 2 977488.00 40.76 0.0001 
AccxS 10 119914.67 

Voc 2 2949366.78 42.01 0.0001 
VocxS 10 350991.22 

AccxVoc 4 124871.56 3.10 0.0389 
AccxVocxS 20 201619.78 

Total 53 5635705.33 
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Table 9. Student-Newman-Keuls Test for Task Completion Time (Age Group 1) 

Voc 

75 

87.5 

100 

Mean Ace 

1059.56 A 91 

865.94 B 95 

573.06 C 99 

Mean 

935.50 A 

813.39 B 

749.67 C 

*Means with the same letter are not significantly different from each other at 
p<= 0.05 
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Table 10. Student·Newman-Keuls Test for Task Completion Time (Age Group 2) 

Voe Mean Ace Mean Aecx Voc Mean 

75 1169.17 A 91 1032.72 A 91 x 75 1424.17 A 

87.5 831.89 B 95 862.50 B 95 x 75 1146.83 B 

100 623.78 C 99 729.61 C 91 x 87.5 945.67 C 

99 x 75 936.50 C 

95 x 87.5 833.83 D 

91 x 100 728.33 E 

99 x 87.5 716.17 E 

95 x 100 606.83 F 

99 x 1oo 536.17 F 

*Means with the same letter are not significantly different from one another at 
p<= 0.05 
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Table 11. Student-Newman-Keuls Test for Task Completion Time (Age Group 3) 

Voc Mean Ace Mean Acc x Voc Mean 

75 1189.44 A 91 1064.78 A 91 x75 1375.00 A 

87.5 915.72 B 95 921.44 B 95 x75 1256.67 A 

100 617.17 C 99 736.11 C 91 x 87.5 1076.33 B 

99 x 75 936.67 C 

95 x 87.5 928.00 C 

91 x 100 743.00 D 

99 x 87.5 742.83 D 

95 x 100 579.67 E 

99 x 100 528.83 E 

*Means with the same letter are not significantly different from one another at 
p<=0.05 

Data Analysis and Results 62 



crossproduct terms. The procedure, however, uses a pooled error term including the 

between-subjects variation and the lack of fit in all significance testing. Therefore, 

the error terms in aU regressions have been adjusted to remove systematic variance 

due to the subjects effects and the lack of fit, and the significance of the linear, 

quadratic, and crossproduct terms as well as lack of fit have been adjusted accord­

ingly. 

Using RSREG, regression equations were generated first for the task completion time 

data of all age groups combined, and then for each age group separately. In both 

cases, the coded values for Accuracy and Available vocabulary in the regression 

equations were -1, 0, and 1 for 91, 95, and 99 percent and 75, 87.5, and 100 percent 

respectively. These values insure that the design is orthogonal therefore allowing 

one to compare directly the standardized partial regression weights (beta values) in 

determining the relative contribution of each parameter in the regression equations. 

The regressions for task completion time are shown in Tables 12, 13, 14, and 15. 

Three dimensional plots of the regression equations using the uncoded variables are 

shown in Figures 8, 9, 10, and 11. It is apparent from the plots that the regression 

equations of each separate age group closely resemble that of the combined groups. 

In each case, examination of the beta weights confirm that decreasing the available 

vocabulary level and/or the accuracy level increases the task completion time. 

However, subtle differences do exist between the three age groups. Most notably, 

when a speech recognizer with greater capability (I.e. a large available vocabulary 

and/or high recognition accuracy) was simulated, all age groups performed similarly, 

as is illustrated by the similarity between the forward-most portion of each of the 

three curves. However, the rear-portions of the curves differ more notably. At lower 
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Table 12. RSREG for Task Completion Time (Combined Age Groups) 

Model df SS F Prob 

Linear 2 118.9958 695.5970 0.001 
Quadratic 2 0.0356 0.1041 
Crossproduct 1 2.4217 14.1561 0.001 
Total Reg. 5 121.4532 141.9908 0.001 

Residual 

Subjects 17 15.5628 5.3516 0.001 
Lack of Fit 3 0.7183 1.3996 
Adj. Error 136 23.2657 

Total Resid. 156 39.5468 

Parameter df Estimate St.Dev Tratio Prob 

Intercept 1 -0.0228 0.0885 -0.26 
Acc 1 -0.4767 0.0484 -9.84 0.001 
Voc 1 -0.9352 0.0484 -19.30 0.001 
AccxAcc 1 0.0313 0.0839 0.37 
Vocx Voc 1 0.0029 0.0839 0.04 
AccxVoc 1 0.1834 0.0593 3.09 0.001 
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Table 13. RSREG for Task Completion Time (Age Group 1) 

Model df SS F Prob 

Linear 2 29.8660 65.2837 0.001 
Quadratic 2 0.4869 1.0643 
Crossproduct 1 0.2201 0.9620 
Total Reg. 5 30.5730 26.7352 0.001 

Residual 

Subjects 5 0.2357 0.2059 
Lack of Fit 3 0.5615 0.8181 
Adj. Error 40 9.1497 
Total Resid. 48 

Parameter df Estimate St.Dev Tratio Prob 

Intercept 1 -0.0884 0.1385 -0.64 
Ace 1 -0.3250 0.0759 -4.28 0.001 
Voc 1 -0.8509 0.0759 -11.21 0.001 
AccxAcc 1 0.1021 0.1314 0.78 
VocxVoc 1 -0.1736 0.1314 -1.32 
Ace x Voc 1 0.0958 0.0929 1.03 

Data Analysis and Results 65 



Table 14. RSREG for Task Completion Time (Age Group 2) 

Model df SS F Prob 

Linear 2 42.8721 456.7421 0.001 
Quadratic 2 0.6636 14.1393 0.001 
Crossproduct 1 1.6026 34.1465 0.001 
Total Reg. 5 45.1382 192.35 0.001 

Residual 

Subjects 5 2.3268 9.9163 0.001 
Lack of Fit 3 0.3341 2.3732 
Adj. Error 40 1.8773 
Total Resid. 48 4.5383 

Parameter df Estimate St.Dev Tratio Prob 

Intercept 1 -0.1829 0.0936 -1.96 0.01 
Ace 1 -0.5301 0.0512 -10.34 0.001 
Voc 1 -0.9539 0.0512 -18.61 0.001 
AccxAcc 1 0.0653 0.0888 0.74 
VocxVoc 1 0.2259 0.0888 2.55 0.001 
Acc x Voc 1 0.2584 0.0676 4.12 0.001 
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Table 15. RSREG for Task Completion Time (Age Group 3) 

Model df SS F Prob 

Linear 2 47.9594 116.5713 0.001 
Quadratic 2 0.0874 0.2121 
Crossp~oduct 1 0.9223 4.4828 0.05 
Total Reg 5 48.9690 47.6080 0.001 

Residual 

Subjects 5 11.1520 10.8421 0.001 
Lack of Fit 3 0.6056 0.9813 
Adj. Error 40 1.8773 
Total Resid. 48 19.9863 

Parameter df Estimate St.Dev Tratio Prob 

Intercept 1 0.2028 0.1963 1.03 
Ace 1 -0.5748 0.1075 -5.34 0.001 
Vex:. 1 -1.0001 0.1075 -9.31 0.001 
Ace x Ace 1 -0.0734 0.1863 -0.39 
VocxVoc 1 -0.0434 0.1863 -0.23 
Ace x Voc 1 0.1960 0.1317 1.49 0.05 
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levels of either accuracy or available vocabulary, task completion time increased 

more rapidly and to a greater degree for the older two groups than for the youngest 

group as illustrated by the height of the rear peak of each curve. 

In none of the four analyses was a significant lack of fit found (p > 0.05) suggesting 

that a complete second-order equation was adequate to account for the variables 

sampled. In fact, each of the four curves appears nearly linear as indicated by the 

lack of significance of the quadratic terms (p > 0.05) in all but the regression involv­

ing age group 2. Even here, only one of the two quadratic terms was found signif­

icant. In addition, the subject effect for the models involving age group 2 and age 

group 3 was significant (p < 0.001), but not for the model involving age group 1. 

Final Error 

Again, Final Error is the percentage of incorrect words (either uncorrected misrec­

ognized words or uncorrected XXXX's) remaining at the completion of each of the 9 

experimental trials. An ANOVA was run on the resulting sums using Accuracy, 

Available Vocabulary, and Age as the main effects. These results are shown in Table 

16. The main effects of Accuracy and Available Vocabulary were found significant (p 

< 0.001 and p < 0.05 respectively). A Student-Newman-Keu Is test was performed 

on the means of the significant effects as shown in Table 17. Available vocabularies 

of 75 and 100 percent were significantly different from one another but neither was 

different from the 87.5 percent vocabulary condition. Tasks involving the 99 percent 
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Table 16. Anova for Final Error Rates 

Source df SS F Prob 

Between Subjects 
Age 2 5.78 0.17 0.8478 
Subject (S I Age) 15 259.61 

Within Subject 
Ace 2 32.93 10.74 0.0003 
Acc x Age 4 11.29 1.84 0.1468 
Ace x S(Age) 30 46.00 

Vex 2 19.00 3.72 0.0361 
Vex x Age 4 17.22 1.68 0.1795 
Vocx S(Age) 30 76.67 

Acc x Voc 4 3.18 0.56 0.6937 
Ace x Voc x Age 8 12.37 1.08 0.3864 
Ace x Voc x S(Age) 60 85.55 

Total 161 569.61 
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Table 17. Student-Newman-Keuls Test for Final Error Rates 

Voc Mean 

75 1.8148 A 

87.5 1.4815 A B 

100 0.9815 B 

Acc 

91 

95 

99 

Mean 

1.9259 A 

1.5185 A 

0.8333 B 

*Means with the same letter are not significantly different from each other at 
p<= 0.05 
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accuracy level resulted in significantly fewer remaining errors than those involving 

either the 91 or 95 percent accu racy levels. 

Figure 12 shows the mean final error rate by accuracy and available vocabulary. Al­

though the maximum error rate on a single trial was nearly 5 percent (occurring at a 

vocabulary level of 75 percent and an accuracy level of 95 percent) the mean rates 

range from 0.67 percent to 2.39 percent. 

A quadratic regression was performed on the coded final error data using RSREG. 

Because neither the main effect of Age nor any interactions involving age were found 

to be significant (p > 0.05), a single empirical model was developed describing Final 

Error in terms of Available vocabulary and Accuracy for all age groups combined. 

As before, the error term has been refined to insure proper significance testing, tak­

ing into account systematic variation due to lack of fit and subjects. The regression 

is shown in Table 18. A three dimensional plot is shown in Figure 13. 

Only the linear effects of Accuracy and Available vocabulary were significant. Exam­

ination of the beta weights confirm that decreasing either the accuracy level or the 

percent of task vocabulary recognized produces an increase in the average number 

of uncorrected errors, and that the two variables contribute nearly equally to the re­

gression equation. 
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Table 18. RSREG for Final Error Rates 

Model df SS F Prob 

Linear 2 14.4099 13.9166 0.001 
Quadratic 2 0.2669 0.2578 
Crossproduct 1 0.4750 0.9175 
Total Reg 5 15.1518 58.5327 0.001 

Residual 

Subjects 17 75.0119 8.5228 0.001 
Lack of Fit 3 0.4253 
Adj. Error 136 70.4109 
Total Resid. 156 145.8482 

Parameter df Estimate St.Dev Tratio Prob 

Intercept 1 0.0788 0.1699 0.46 
Ace 1 -0.2904 0.0930 -3.12 0.001 
Voc 1 -0.2215 0.0930 -2.38 0.005 
AccxAcc 1 -0.0738 0.1612 -0.46 
VocxVoc 1. -0.0443 0.1612 -0.27 
Acc x Voc 1 0.0812 0.1139 0.71 
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Subjective Rating 

As described previously, following each treatment condition, each subject responded 

to a set of 13 bipolar rating scales. Each scale has seven possible intervals which 

may have been chosen. Each of the intervals was assigned a value ranging from one 

to seven. A high value means that the subject perceived the voice input system in 

a positive fashion (e.g. fast, pleasing, facilitating, etc.), while a low value means the 

subject perceived the system in a negative, or detrimental sense (e.g. slow, irritating, 

etc.). 

Because the primary purpose of this analysis was to determine the effects of accu­

racy and available vocabulary on the subject's judgement of whether the voice input 

system is an acceptable input device, a single metric, "acceptability index" (AI) was 

first developed. Not only did this result in a single number measure of acceptability 

to be used in all subsequent analyses, but it also indicates which of the adjectives 

used in the bipolar scales are truly attributes of acceptability. 

Since "acceptability" is of primary interest, a Spearman Rank correlation coefficient 

was computed for each bipolar scale with the acceptable/u nacceptable scale. Those 

adjective scales achieving high correlation were considered attribut~s of acceptabil­

ity and were therefore used to form the AI. As shown in Table 19, each of the 12 

variables resulted in a relatively large correlation coefficient when compared with the 

acceptability scale. The "simple/complicated" scale had the lowest correlation co­

efficient (O.5~42) yet was still significantly correlated (p < 0.001). As such, the ac­

ceptability index (AI) was developed to include each of the individual adjective 

Data Analysis and Results 79 



Table 19. Spearman Correlation Coefficients of Bipolar Seales with Acceptability 

Bipolar Scale Rho 

Fast/ Slow 0.7034 

Accurate / Inaccurate 0.6874 

Natural / Unnatural 0.7261 

Complete / Incomplete 0.7718 

Comfortable/ Uncomfortable 0.7618 

Consistent / Inconsistent 0.8285 

Pleasant / Unpleasant 0.8366 

Dependable / Undependable 0.8940 

Friendly /Unfriendly 0.8940 

Facilitating / Distracting 0.7728 

Simple / Complicated 0.5942 

U seiul / Useless 0.8489 
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scales. This measure was computed as the sum of the 12 individual scale response 

values for each subject under each treatment condition. Therefore, the AI measure 

had a range of 12 to 84, with higher values indicating a more acceptable system. 

Because bipolar rating scales can not necessarily be considered as providing interval 

scale data, all analyses of the subjective rating scale data employed only 

nonparametric statistical tests. 

The AI data were first subjected to a Kruskal-Wallis one-way analysis of variance us­

ing Age as the variable of interest. As shown in Table 20, there were statistically 

significant differences among age groups as measured by the AI, using a chi-square 

large sample approximation (p < 0.001). Post-hoc pair-wise comparisons were per­

formed using the Kolmogorov-Smirnov two .. sample test in order to locate the signif­

icance of the age main effect. To ensure protection against Type I error, alpha was 

set equal to 0.0167. As shown in Table 21, results indicate age groups 1 and 2 did 

not differ statistically from on another as measured by the AI (p > 0.05), however 

both differed from age group 3 (p < 0.005). As such, subsequent analyses combined 

ages 1 and 2 to form Group 1 and subjects of age group 3 will be referred to as Group 

2. In addition to the statistical reasoning behind this grouping, there is a practical 

reason to support it, which will be discussed in the discussion section. 

A Friedman two-way analysis of variance was performed on the AI data of each 

group, first using Accuracy as the variable of interest and then using Available vo­

cabulary. As Table 22 indicates, the main effect of Accuracy was significant for both 

age groups (p < 0.001). Post-hoc pair-wise comparisons using the Wilcoxon 

matched-pairs signed-ranks test were performed (again, using a conservative alpha 

level) and the results are shown in Table 23. For group 1, all three accuracy levels 
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Table 20. Kruskal-Wallis 1.Way Anova on AI for the Main Effed of Age 

N=162 Chi-square=21.6486 p<0.001 

Data Analysis and Results 

Mean Rank 

69.39 

69.39 

105.72 

Age Group 

1 

2 

3 
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Table 21. Kolmogorov.Smirnow 2.Sample Test on AI for Age 

N1 = N2 = N3 = 54 Alpha = 0.0167 

Age Group 

1 (20-25) A 

2 (35-40) A 

3 (50-55) B 
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Table 22. Friedman 2.Way Anova on AI for the Accuracy Main Effect 

N= 38 

N= 18 

Data Analysis and Results 

K = 3 Alpha = 0.05 

Group 1 

Chi-square = 22.38 p < 0.0001 

Accuracy Mean Rank 

91 
95 
99 

Group 2 

1.47 
1.94 
2.58 

Chi-square = 16.028 p < 0.0003 

Accuracy 

91 
95 
99 

Mean Rank 

1.47 
1.78 
2.75 
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Table 23. Wilcoxon Matched-Pairs Signed-Ranks Tests on AI for Accuracy 

Group 1 Group 2 

Acc Acc 

91 A 91 A 

95 B 95 A 

99 C 99 B 

* Means with the same letter are not significantly different at 
p < 0.0167. 
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were significantly different from one another with the acceptability rating decreasing 

as the accuracy level decreases. Group 2 rated the 99 percent accuracy conditions 

as significantly more acceptable than either of the other two levels. 

The results of the Friedman two-way analysis of variance using Available vocabulary 

as the main effect are shown in Table 24. The mean ranks indicate that the accepta­

bility rating increases as the vocabulary level increases, however these differences 

were only significant for Group 2. Post-hoc comparisons using the Wilcoxon sign test 

failed to locate any significant differences between the pairs when the alpha level was 

set to ensure protection against Type I error. These results are shown in Table 25. 

In order to determine if the interaction of Accuracy and Available vocabulary is sig­

nificant, the nine treatment conditions were coded as a dummy variable containing 9 

levels and were subjected to the Friedman two-way ANOVA. As Table 26 indicates, 

the interaction is significant (p < 0.01) for both Groups 1 and 2. As shown in Table 

27, post-hoc pair-wise comparisons were performed using the Wilcoxon sign rank 

test. When alpha was adjusted to ensure protection aga.inst Type I error (K = 9, alpha 

= 0.0014), no significant differences were found between pairs for either group. 

Figures 14 and 15 show the mean rank assigned each condition in the proceeding 

analysis for each group. The sharpest decline in user preference occurs in going 

from a 99 to a 95 percent accuracy condition, and to a slightly lesser extent in going 

from 95 to 91 percent. The small effect of available vocabu lary level on user satis­

faction is also apparent in this figure. 

A quadratic regression was also performed on the acceptability index data for each 

group using RSREG. However, in order to facilitate comparison between the three 
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Table 24. Friedman 2.Way Anova on AI for the Available Vocabulary Main Effect 

K = 3 Alpha = 0.05 

Groyp 1 

N=38 Chi-square = 3.792 

Vocabulary 

N= 18 

75 
87.5 
100 

Group 2 

Chi-square = 7.750 

Vocabulary 

Data Analysis and Results 

75 
87.5 
100 

p < 0.1502 

Mean Rank 

1.76 
2.01 
2.22 

p < 0.0003 

Mean Rank 

1.50 
2.08 
2.42 
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Table 25. Wilcoxon Matched-Pairs Signed-Ranks Test on AI for Available Vocabulary 

Group 1 

Vocabulary 

75 A 

87.5 A 

100 A 

Group 2 

Vocabulary 

75 A 

87.5 A 

100 A 

* Means with the same letter are not significantly different at 
p < 0.0167. 
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Table 26. Friedman 2-Way Anova on AI for the Accuracy x Available Vocabulary Interaction 

K=3 Alpha=O.05 

Group 1 

N=12 Chi-square=20.722 p < 0.0079 

Condition (Acc. V oc) 

4 (91. 87.5) 
2 (95, 75) 
1 (91, 75) 
7 (91, 100) 
8 (95, 100) 
5 (95,87.5) 
6 (99,87.5) 
3 (99,75) 
9 (99, 100) 

Group 2 

Mean Rank 

3.25 
3.88 
3.92 
3.96 
5.38 
5.46 
6.08 
6.33 
6.75 

N=6 Chi-square=24.800 p < 0.0017 

Condition (Acc. V oc) 

1 (91. 75) 
4 (91, 87.5) 
2 (95, 75) 
5 (95,87.5) 
7 (91, 100) 
8 (95, 100) 
3 (99,75) 
6 (99, 87.5) 
9 (99. 100) 

Data Analysts and Results 

Mean Rank 

2.17 
3.50 
3.75 
3.92 
4.25 
5.67 
6.17 
7.67 
7.92 
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Table 27. Wilcoxon Matched-Pairs Signed-Ranks Tests on AI for Accuracy x Available Vocabulary 
Interaction 

Group 1 

Condition (Acc. yoc) 

4 (91, 87.5) A 
2 (95,75) A 
1 (91, 75) A 
7 (91, 100) A 
8 (95, 100) A 
5 (95, 87.5) A 
6 (99, 87.5) A 
3 (99, 75) A 
9 (99, 100) A 

Group 2 

Condition (Acc. Yocl 

1 (91, 75) A 
4 (91, 87.5) A 
2 (95, 75) A 
5 (95, 87.5) A 
7 (91, 100) A 
8 (95, lOO) A 
3 (99, 75) A 
6 (99, 87.5) A 
9 (99, 100) A 

* Means with the same letter are not significantly different at 
p < 0.0014. . 
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dimensional plots of the regressions of the three dependent measures (Task Com­

pletion Time, Final Error, and AI) the AI data were first recoded. Because large val­

ues of "Time" and "Error" correspond to poor performance and small values 

correspond to good performance, the AI data were recoded so that large values 

would corr,spond to a poor acceptability rating and small values would correspond 

to a good rating. To avoid confusion, this measure is referred to as the INVAI (inverse 

acceptability index). 

The regressions on the INVAI data for the two groups are shown in Tables 28 and 29. 

Three dimensional plots of the equations are shown in Figures 16 and 17 respec­

tively. The regressions for the two groups are quite similar. In each case, only the 

linear effects of Accuracy and Available vocabulary are significant. Examination of 

the beta weights confirm that decreasing either the accuracy or vocabulary level de­

creases the acceptability of the system for both age groups. For the two groups, the 

relative contributions of the two independent variables were nearly the same with 

Accuracy having approximately twice the effect of Available vocabulary_ In general, 

Group 2 rated the speech recognition system more favorably, regardless of the con­

dition than did Group 1. 
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Table 28. RSREG for Inverse AI (INVAI) (Group 1) 

Model df SS F Prob 

Linear 2 17.6492 20.3276 0.001 
Quadratic 2 0.4775 0.5499 
Crossproduct 1 0.0034 0.0078 
Total Reg. 5 18.1300 8.3524 0.001 

Residual 

Subjects 11 47.1054 9.8642 0.001 
Lack of Fit 3 0.2529 0.1942 
Adj. Error 88 38.2031 
Total Resid. 102 85.5614 

Parameter df Estimate St.Dev Tratio Prob 

Intercept 1 0.3726 0.1971 1.89 0.05 
Ace 1 -0.4481 0.1079 -4.15 0.001 
Voc 1 -0.2105 0.1079 -1.95 0.01 
AccxAcc 1 -0.1394 0.1870 -0.75 
VocxVoc 1 -0.0215 0.1870 -0.12 
AccxVoc 1 0.0084 0.1322 0.06 
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Table 29. RSREG for Inverse AI (INVAI) (Group 2) 

Model df SS F Prob 

Linear 2 4.1776 11.7874 0.001 
Quadratic 2 0.1369 0.3863 
Crossproduct 1 0.0008 0.0043 
Total Reg 5 4.3152 4.8702 0.001 

Residual 

Subjects 5 23.0212 25.9818 0.001 
Lack of Fit 3 0.0829 0.1560 
Adj. Error 40 7.0882 
Total Resid. 48 30.1924 

Parameter df Estimate St.Dev Tratio Prob 

Intercept 1 -0.4632 0.2413 -1.92 0.05 
Ace 1 -0.3012 0.1321 -2.28 0.001 
Vex! 1 -0.1590 0.1321 -1.20 0.05 
AccxAcc 1 -0.1067 0.2289 -0.47 
VocxVoc 1 0.0056 0.2289 0.02 
Acc x Voc 1 0.0056 0.1619 0.03 
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Discussion 

Task Completion Time 

The time required to complete the task was significantly affected by the accuracy 

level as well as the available vocabulary level at which the recognition system was 

operating. Task completion time increased on average roughly 17 percent in going 

from the 99 percent accuracy conditions to the 95 percent conditions and approxi­

mately 50 percent in going from the 99 percent to the 91 percent. The levels of 

available vocabulary investigated had a similar but more pronounced effect on task 

completion time, increasing an average of 44 percent when going from a 100 percent 

vocabulary to an 87.5 percent vocabulary and nearly 88 percent in going from a 100 

percent vocabulary to a 75 percent available vocabulary. 

The greater effect of available vocabulary on task completion time is also evident in 

. comparing the beta weights of accuracy and available vocabulary in the regression 

analyses performed. However, care must be taken in interpreting these results, in 
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that they are entirely dependent upon the ranges of the independent variables, and 

merely say that task completion time varies more due to a change in available vo­

cabulary of 75 to 100 percent than with a change in accuracy of 91 to 99 percent and 

not that available vocabulary itself is the primary determinant of task completion time. 

Actually, accuracy level and available vocabulary level together prove to be excellent 

predictors of task completion time as evidenced by the R-squared values from the 

regression analyses which range in value from 0.71 to 0.90. 

Clearly, even the small differences in accuracy rates as were studied here have a 

significant impact on the time to complete a data entry task. This suggests that for 

applications in which information entry rate is of primary importance, accuracy levels 

should be compromised as little as possible. As previously discussed, in order for 

very high rates to be achieved, the system will likely be expensive, environmental 

conditions under which the system can be used are limited, and vocabulary sizes will 

be small, to mention just a few of the compromises involved. However, the results 

indicate that the corresponding time difference in using a recognizer which operates 

at 95 rather than 99 percent accuracy is not dramatic. For the task used here, the 

average difference was roughly 17 percent, which is approximately 10 additional 

rninutes for every hour. Given the difficulty, trade-offs, and expense necessary to gain 

the higher accuracy level, the time increase associated with the lower accuracy level 

may be more acceptable in a number of applications. 

As future research adds to our body of knowledge concerning the exact relationship 

between recognizer accuracy and the many factors which affect it, the results of this 

study will become even more useful. Users can then make knowledgeable choices 
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regarding trade-offs between task completion time and other desirable system fea­

tures. 

As indicated by the nearly 90 percent increase in time needed to complete a task 

when going from a 100 to a 75 percent available vocabulary, the available vocabulary 

level also has a major influence on the time needed to complete a task. Just as with 

accuracy levels, when information entry rate is of primary importance, the largest 

possible vocabulary size with respect to the task requirements should be used. Input 

by character-level entry is significantly slower than word level entry and even rela­

tively small decreases in vocabulary size impact the overall task completion time. 

It is difficult to compare directly the results of this study with those of the Gould study 

(1983) discussed earlier because many of the parameters involved differ between the 

two. Clearly, the type of tasks involved were quite different, with the Gould study 

requiring participants to compose and edit a letter, and therefore allowed for an open 

or unrestricted vocabulary whereas the present study used a highly restricted vo­

cabulary. Also, the simulation used in the Gould study did not include manipulation 

of accuracy rate, and in all conditions simulated a "perfect" recognizer. Finally, one 

variable of interest in the study was the composition method, where a "draft 

strategy" allowed users to leave all unrecognized words until a subsequent paper 

and pencil editing stage, and the "final strategy" required persons to correct all un­

recognized words during the letter composition task. Even under the "final 

strategy" conditions, however, subjects were allowed an editing stage in which they 

could make any contextual changes. Nonetheless, because these two studies rep­

resent the two major efforts to establish the relationship between recognizer vocab­

ulary size and task completion time, a brief comparison is in order. The conditions 
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of the Gould study which most closely resemble those used in this study are the 

connected speech conditions, using a "final draft" strategy and considering compo­

sition time alone, excluding the time spent proof editing. Given these restrictions, 

only Gould's first study lends itself to comparison, which considered a 1000 word 

vocabulary (750/0), and an unlimited vocabulary (1000/0). Gould reports approximately 

45 percent increase in time in going from a 100 percent available vocabulary to a 75 

percent, whereas the results from the present study indicate roughly an aa percent 

increase. Despite the differences between the two studies, the results may at first 

appear alarmingly disparate. At a closer examination, however the difference is at 

least in part explainable. The current study manipulated accuracy level as well as 

available vocabulary level. At any given level of accuracy, the absolute number of 

error corrections to be made increases at lower levers of available vocabulary. This 

point may best be explained by use of an example. If the accuracy level is 90 per­

cent, the avai lable vocabu lary is 100 percent, and the task requ ires 200 words to be 

entered, only about 20 words (100/0 of 200) will be misrecognized and require re-entry_ 

If however, the vocabulary is 75 percent, then approximately 50 words (250/0 of 200) 

must be entered by spelling them. If the average length of the words to be spelled 

is 5 characters, then approximately 225 ( (5 times 25) plus a "spell" and "end spell" 

for each word) additional inputs must be made. As a result, the total number of ut­

terances is now roughly 425 which means the number of misrecognized words is now 

42.5 (100/0 of 425). ,In each case, the accuracy level at which the recognizer is per­

forming is 90 percent, however the number of misrecognitions is more than doubled 

for the smaller vocabulary size. Because the Gould study simulated a 100 percent 

accuracy level, subjects did not encounter misrecognized words, and in particular did 

not encounter an increased number of misrecognized words at lower levels of avail­

able vocabulary. Understanding this, it should be apparent why smaller available 

DIscussion ' 101 



vocabularies appear more favorably in the Gould study than the present study, and 

that the results of the two studies do not contradict one another. 

Although the present study found the available vocabulary level to greatly affect task 

completion time, it may have still underestimated its significance. Primarily in an 

effort to minimize subject training time, the orthographic (a, b, c, ... ) rather than pho­

netic (alpha, bravo, charlie, ... ) alphabet was used for character level entry_ As dis­

cussed before, the orthographic alphabet is a highly confusable vocabulary for a 

speech recognizer and would result in very low accuracy rates if a true recognizer 

rather than a simulation had been used. This, of course, would increase the task 

completion time due to the time required to correct those errors. Use of the phonetic 

alphabet, nowever may reduce the speed with which novices can enter character 

level input and therefore create an even greater difference in time between small and 

large vocabulary conditions. The Schurick study (1986) confirms that such a differ­

ence does exist. for novice users of the phonetic alphabet (see also WilJiges and 

Dryden, 19B7). They report no significance differences between task completion 

times when the orthographic and the phonetic alphabets were used. Task completion 

time, however, consisted of time to enter the words as well as time to correct 

misrecognitions. Because the orthographic alphabet resulted in significantly more 

misrecognitions, a large proportion of time was spent correcting errors whereas little 

error correction was necessary when using the phonetic alphabet. The actual time 

spent entering the characters was then greater for the phonetic alphabet than the 

orthographic alphabet. It is therefore reasonable to suspect that use of the phonetic 

alphabet in the present study would have further increased the effect of available 

vocabulary on task completion time. 
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These results show the importance of using as large a vocabulary size with respect 

to the task requirements as possible, particularly when lower accuracy levels are 

expected. This, of course, can be realized in two ways: by using a recognizer with a 

large vocabulary size or by minimizing the number of words needed for any given 

application. The latter suggests that a major effort Is needed in developing guidelines 

for dialogue design so that vocabulary size requirements for tasks can be minimized 

without increasing the processing load on the user. For some applications, however, 

. large vocabularies cannot be avoided, which suggests that research should continue 

in an effort to increase the allowable vocabulary size of low-cost speech recognition 

systems. 

The relationship between the user's age and task completion time is not as well de­

fined. The main effect of age was not a significant factor, however the Age x Accu­

racy interaction was. Examination of this interaction indicates that all three age 

groups performed equally well under the 99 percent accuracy level, but that the 

younger group performed better under the 91 and 95 percent levels. This is also 

clearly illustrated in the plots of the response surfaces for each of the three age 

groups. A possible explanation, and one that is consistent with the studies involving 

age cited earlier, is that the older subjects entered data as quickly and efficiently as 

the younger group, however they had a greater difficulty using the error correction 

procedures. Because the lower accuracy conditions required more error correction, 

performance for the older group deteriorated more so than for the younger group 

under these conditions. Examination of the mean task completion times support this 

idea. Under the "best" condition (accuracy level of 99% and available vocabulary of 

100%) in which the fewest number of misrecog.nitions occurred, the mean task com­

pletion tin1e for the older two groups was 70/0 greater than that of the youngest group. 
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Under the "worst" condition (accuracy level of 91 % and available vocabulary level 

of 750/0) however, the time for the older groups was nearly 170/0 greater, more than 

twice that for the "best" conditions. Clearly, the older group was affected more by 

the increase in number of error corrections required. Also in support of this idea is 

the significance of the Accuracy x Available vocabulary interaction for groups 2 and 

3, but not for group 1. Apparently for groups 2 and 3, lower accuracy levels had a 

greater impact on task completion time when they were in conjunction with small 

available vocabularies than with larger vocabularies. As discussed earlier, when the 

available vocabulary is small, even small decreases in the accuracy level creates a 

large number of misrecognitions which must then be corrected. The fact that this 

interaction was not significant for the youngest group indicates that they were less 

affected by the increased number of misrecognitions. 

The fact that the younger group was able to use the error correction procedures more 

efficiently is likely a result of experience rather than age. The pre-experimental 

questionnaires indicate that nearly all of the younger subjects report having had ei­

ther moderate or extensive experience with a text editor or typewriter while groups 

2 and 3 as a whole report much less experience. The error correction procedures 

used in this study are basically a spoken version of those used by most text editors 

and modern typewriters, and therefore it is not unreasonable to expect that experi­

ence with these would transfer to the speech input task. The differences in experi­

ence with age is probably exaggerated in this study due to the fact that the youngest 

group consisted exclusively of university students while the other groups varied more 

with respect to educational background and occupation. However, because nearly 

all students are exposed to some degree of computer programming before complet­

ing high school. you nger people as a whole probably do have more experience with 
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text editing and the associated error correction procedures and as a result this trend 

would likely be found outside this study as weil. 

Final Error 

Accuracy and available vocabulary both had a significant effect on the percentage of 

uncorrected errors remaining at the end of each trial. A decrease in accuracy level 

from 99 to either 95 or 91 percent or a decrease in available vocabulary from 100 

percent to 87.5 or 87.5 to 75 percent served to significantly increase the number of 

final errors. Clearly, as the available vocabu lary and/or accuracy level decreases, the 

number of misrecognitions and nonrecognitions increases, therefore increasing the 

probability that some corrections may be omitted. This effect was partially off-set 

however, because under high accuracy levels and large available vocabularies, sub­

jects apparently had more confidence in the system and adopted faster entry speeds. 

In these cases, it was often noted that subjects "entered" a line of information before 

they detected an error and thus were unable to correct it. Therefore, the difference 

in error rates between the "good" conditions and the "poor" conditions was not as 

great as the absolute number of entry errors alone would predict. 

It is necessary to note, however that in none of the nine conditions did the average 

final error rate exceed two percent. And therefore, the "significant" reductions in 

final error rate due to changes in accuracy or vocabu lary level were on the order of 

1 percent. It is not likely that in many applications one would choose to gain a 1 

percent decrease in final error rate at the expense required to increase the accuracy 
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level from 91 to 99 percent or the vocabu lary from 75 to 100 percent. The smaller 

error rates achieved in this study however, are probably not indicative of all types of 

tasks involving speech recognition. Subjects generally monitored the visual feedback 

quite carefully and detected most of the incorrect entries. For tasks which provide 

less feedback to the user or place demands on the user so they are unable to fully 

monitor that feedback, the number of uncorrected errors may increase, particularly 

under conditions of many entry errors (low accuracy or small available vocabularies). 

Also, regardless of the fact that the instructions stated to work "as quickly and accu­

rately as possible", most subjects took the time to correct all of the errors they de­

tected. In fact, 90 percent of all trials had 3 or fewer errors, which translates to an 

error rate of 1.34 percent or less. In tasks which are externally-paced or which em­

phasize quickness as opposed to accuracy, the user may not have sufficient time to 

correct all entry errors and again, the final error rate will likely vary more with 

changes in accuracy level and available vocabulary level. 

The fact that changes in available vocabulary and accuracy level did not have a major 

influence on the final error rate is also evidenced by the R-squared value in the re­

gression analysis (R-squared = 0.09). Clearly, accuracy and vocabulary levels alone 

do not appear to be good predictors of final error rate for the data entry task used 

here. 

Despite the fact that there was generally little variability in the number of errors left 

uncorrected for a given subject, subjects still varied significantly as to how many er­

rors they left uncorrected. The nonsignificant age main effect indicates this differ­

ence was not contributive to the different age groups of subjects studied. Instead, 

this is probably due to the subjective nature of the instructions. Most subjects ap-
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parently interpreted the instructions as meaning to correct all errors, but do so 

quickly, while a few apparently decided to leave a few misrecognition or 

nonrecognition errors uncorrected in order to improve their completion time. 

Apparently, for tasks which provide adequate feedback and do not overemphasize 

minimizing task completion time, the levels of accuracy and available vocabulary in­

vestigated here affect, but only to a small extent, the nu mber of uncorrected errors 

remaining at the end of the task. If given the opportunity, most users will correct 

nearly all of the errors, even under the poorer conditions. This suggests that when 

minimizing the final error rate is the primary objective, even low quality speech 

recognizers with lower accuracy levels and smaller vocabularies can provide ade­

quate service. Little is gained in terms of decreased final error rates thru the use of 

more expensive, higher quality recognizers. 

Subjective Ratings 

The accuracy level at which the speech recognizer was operating proved to have a 

significant effect on a user's judgement of whether the device was an acceptable 

means of data entry for the given task. The youngest group of users identified aU 

three fevels of accuracy as being different from one another, with the 99 percent level 

being most preferred and the 91 percent level being rated as least acceptable. The 

results from the older groups were consistent in trend, however, the 91 percent and 

95 percent levels were not rated significantly different from one another, but both 

were rated as being less acceptable than the 99 percent accuracy level. Based on 
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these results as well as subjects comments, subjects found having to stop and cor­

rect misrecognitions and nonrecognitions to be distracting and quite frustrating. 

Many subjects also indicated that the particular error correction procedures were not 

difficult to iearn or to use, but that having to interrupt the task to correct errors was 

disturbing. These results Indicate that research efforts are needed to determine the 

most acceptable form of error correction. Perhaps aHowing the user to wait until the 

end of the task to correct the recognition errors would have caused less user frus­

tration. 

Available vocabu lary, on the other hand, did not have a major impact on the accept­

ability rating of the voice recognition system. Again, the trend was the same for both 

age groups, with the smaller vocabulary levels being rated as less acceptable than 

larger ones. This effect was only significant for Group 2 and even then post-hoc test 

failed to locate any difference between the three levels of available vocabulary. From 

these results, as well as subjects' comments, spelling words character by character 

apparently was not difficult, nor was it considered to interfere with the task as a 

whole. Users were easily able to enter spellmode, enter the alphabetic alphabetic 

characters, and exit spell mode, all without disrupting the "flow" of input. 

It is important, however, to recall the exact method of character level entry used. 

Subjects knew which words were to be spelled before they attempted entry (as indi­

cated by the color coding scheme) and thus were able to avoid trying word-level entry 

which would then have required deleting the nonrecognition before re-entering the 

word character by character. Had the subjects not been provided knowledge re­

garding which words required character level entry, the effects of available vocabu­

lary level on acceptance rating would have likely been greater. As evidenced by the 
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significant effect of accuracy level on user's subjective ratings as well as their com­

ments, subjects found having to stop, back-up, and correct incorrect entries quite 

distracting, particularly because it required constant monitoring of the visual feed­

back. In situations where the user must attempt word-level entry before he/she 

knows to enter the word by characters, a large number of error corrections would be 

necessary and correspondingly a severe decrease in acceptance could be expected. 

Also, because the task involved entering printed material, the subjects were not re­

quired to know the correct spelling of the words which required character-level entry. 

In situations which require the subject to spell words from memory, a larger effect 

of available vocabulary level on ratings of acceptability may be found. 

In addition, most tasks would likely employ the phonetic rather than orthographic al­

phabet for reasons mentioned previously. Because decreased entry rates which are 

attributable primarily to an increased mental load on the user, are associated with the 

phonetic alphabet, poorer acceptance by novice users may resu It as well, particu larly 

for cases which require a large portion of character level entry. 

It is interesting to note that the available vocabulary level was not perceived as af­

fecting the acceptability of the system despite its pronounced effect on task com­

pletion time. Apparently, subjects were either unaware of the increase in entry time 

when lower vocabulary levels were used, or they did not consider it significant 

enoug h to affect the acceptability of the system. With respect to the second alterna­

tive, it is possible that the subjects considered the changes in accuracy level to be 

so distracting, that in relation, the effects of available vocabu lary level were not con­

sidered important. This idea Is supported by the fact that several subjects expressed 

Dlacuaalon 109 



extreme frustration with the low accuracy levels, but did not with the small vocabu­

laries. 

The importance of the accuracy level and lack of significance of the avaifable vocab­

ulary level is also apparent in the regression analyses. These analyses also indicate, 

however, that even taken together accuracy and available vocabulary level were not 

good predictors of the subjective acceptability of the system, according to the low 

R-squared values of 0.17 and 0.13 (Group 1 and Group 2, respectively). This may 

suggest that, although significant, neither accuracy nor available vocabulary level is 

a primary determinant of user acceptance, and that other factors, not controlled in 

this study, are responsible and should be identified and investigated. On the other 

hand, accuracy and available vocabulary level may be primary factors, but the rating 

scale user! in this study was not sensitive enough to capture this. Each of the 12 

scales actually had a possible range from 1 to 7, which gave the AI measure a range 

of 12 to 84. Practically speaking, however, because subjects tend not to use the ex­

treme ends of a rating scale (this is referred to as ·central tendency error") the ef­

fective range for each scale was 2 to 6, which in turn makes the range for the AI 24 

to 72. It is possible this range was not wide enough to reflect the true range in ac­

ceptance of the different systems used. Because even the subjects' comments sug­

gest that accuracy level in particular had a major influence on their acceptability 

ratings, future research should concentrate on refining the method of.assessing sub .. 

jects' measures of acceptability and then reevaluating the relative importance of ac­

curacy, as well as available vocabulary on user acceptance. 

Age also proved to have a significant effect on the user's acceptance rating. Re­

gardless of accuracy or available vocabulary level, older subjects appeared to rate 
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speech recognition systems more favorably than the younger subjects. This result 

is consistent with the results of the studies discussed previously, whose authors at­

tribute much of this effect to the fact that older people, as a whole, have tess inter­

action with high technology equipment and therefore have not developed as high 

expectations. This effect may be slightly exaggerated in this study because of the fact 

that the two younger groups consisted primarily of undergraduate students, graduate 

students, and university personnel who probably have an above average exposure to 

high tech equipment. It was eluded to earlier that there was a practical reason which 

supports the statistical decision of grouping age groups 1 and 2 together to form 

Group 1. Because the two groups are similar in their exposure to high tech equip­

ment (at least in this study), which appears to be the underlying cause for the age 

effect, it also makes practical sense to group them when comparing them with age 

group 3, which in comparison has had much less experience. It is interesting to note 

that this effect is present despite the effects of age on task completion time. Older 

subjects required a longer time to complete the tasks, particularly when the accuracy 

and/or vocabulary level was poor, however, they still rated the system more favorably 

than the younger group. 

Despite the effects of accuracy and age, even under the worse conditions, the mean 

rating was favorable (i.e. IIneutral" or better on the 7-point bipolar scales). As noted 

before, the subjective scales may not have been as sensitive as needed to measure 

the true range of acceptability ratings, nonetheless even the subject's responses 

were generally favorable. Therefore, at least for novice users, high accuracy systems 

may be preferable, but less sophisticated systems will be accepted. 
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Conclusions 

The results of this study can be summarized as follows: 

• Task completion time is significantly greater for accuracy levels of 91 percent 

than 95 percent and for levels of 95 percent than 99 percent. 

• Task completion time is significantly greater for available vocabulary levels of 75 

percent than 87.5 percent and for sizes of 87.5 percent than 100 percent 

• Under conditions of low accuracy levels, task completion time is significantly 

greater for older subjects than younger subjects. No difference in task com­

pletion time between age groups exists under conditions of 99 percent accuracy. 

• Final error rates are significantly less at higher levels of both accuracy and 

available vocabu lary. 

• Subjective ratings of acceptability are significantly greater at higher accuracy 

levels. 
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• Subjective ratings of acceptability are not significantly different for the levels of 

available vocabulary Investigated. 

• Subjective ratings of acceptabiity are greater for the older two groups than for the 

youngest, regardless of the condition. 

Based on these results, a number of conclusions and recommendations can be made. 

Because even the small range of accuracy levels investigated here significantly af­

fected task completion time and user's acceptability ratings, the emphasis on the part 

of system designers and human factors engineers on obtaining high recognition ac­

curacy levels is well warranted and should continue. 

The range of available vocabularies investigated in this study had a dramatic effect 

on task completion time. This indicates that although character-level input may be 

an effective means of increasing a recognizer's vocabulary, it is not an especially ef­

ficient method. Therefore, system designers should continue their efforts to increase 

the allowable vocabulary sizes of low-cost speech recognition systems. Also, efforts 

are needed in developing guidelines for dialogue design so that task vocabulary size 

requirements can be minimized without increasing the processing load on the user. 

However, until designers are able to develop large vocabulary systems, these results 

show that character-level entry is acceptable by the user as a means of increasing 

the vocabulary size, as indicated by the subject's ratings of acceptability. 

Older people andlor people less experienced with modern word processing systems 

had more difficulty with the type of error correction procedures used here, as indi­

cated by the increase in task completion time. Efforts are needed to locate specific 

areas of difficulty and develop alternate procedures for correcting recognition errors. 
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Because all subjects reported frustration at having to stop and correct recognition 

errors, researchers should investigate alternate error correction procedures which 

will reduce user frustration, for example users may be given the option of correcting 

errors following a section of text Input rather than immediately following each error. 

As with any study, some precautions must be adhered to when generalizing the re­

sults obtained in this study to other situations. Most notably, these results are spe­

cific to the type of task used here and mayor may not be applicable to other tasks. 

For example, the data entry task used here did not have a farge cognitive component. 

The effects of misrecognitions and character level entry on the cognitive process In­

volved in a task such as composing a letter may increase the negative effects of small 

available vocabularies and lower accuracy rates. As another example, the task used 

here provided complete feedback and allowed sufficient time for error correction. 

Under conditions of inadequate feedback or strict time constraints, the effects of 

available vocabulary and accuracy on finaJ error rates would likely be different. Re­

search is needed to determine how system characteristics such as available vocab­

ulary and accuracy level affect other types of tasks. 

In addition, it must be noted that each subject experienced just (2) two hour sessions .. 

If the use of the speech recognition system were to continue over a long period of 

time, as is the case for many proposed applications, perhaps the acceptability ratings 

would have indicated an even greater effect due to accuracy and available vocabu­

lary. Therefore, the results obtianed here are applicable to conditions in which the 

user is a novice or occasional user of such systems, but further research is needed 

to determine what characteristics are necessary for a system to be considered ac­

ceptable by continual users. 
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In the present study using a simulation of a speech recognition system rather than 

an actual system proved quite useful, and in fact allowed for the manipulation of var­

iables otherwise not within experimental control. However, when any simulation 

techniques are involved, some features will likely differ from the actual system. In 

particular, it should be noted that the procedure of randomly selecting words to be 

"not recognized" (as was the case in the simulation used here) does indeed differ 

from the manner in which an actual speech recognizer would perform. In any vo­

cabulary, certain words will be more difficult to recognize and therefore more prone 

to misrecognition. It is quite plausible that users may learn through continued use 

which words create difficulty for the recognizer and modify their behavior to com­

pensate. For example, if they realize a particular word often results in a 

misrecognition, they may choose to enter it by characters rather than attempt word­

level entry. Because the present study used novice subjets who experienced only a 

short exposure to the task, it is not likely that they would have adjusted their behavior 

had the misrecognitions occured in a predictable fashion. However, in stUdies in­

volving experienced users, or which require the subject to use the system over an 

extended period of time, the researcher should consider a simulation which chooses 

it's "misrecognitions" in a probabilistic manner as opposed to random selection. 

It should also be noted that the subjects used in this study were all able-bodied. 

Disabled people, whose use of other input devices is limited, would likely have dif­

ferent criteria for what constitutes an acceptable system. Research is needed to de­

termine what levels of accuracy and available vocabulary are considered acceptable 

for this population of users. This research would be especially useful since many 

disabled people have limited incomes and therefore will need to purchase the least 

expensive system that will still meet their needs. 
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In conclusion, this research investigated the influence of three characteristics of the 

human-machine system on three measures of system performance. Although it of­

fers important guidelines both for designers and users of speech recognition sys­

tems, much more effort is needed in the area of speech recognitron system 

performance. Further research Is needed utilizing different types of tasks, other 

characteristics of the system, as well as other measures of system performance. 
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PERSONAL INFORMATION QUESTIONNAIRE 

Please respond to the following questions. 

Gender ____ ,Male ____ Female 

Age ___ 20-25 ___ 35-40 ___ 50-55 

Is English your native language? ____ yes ____ ,No 

Have you ever used a voice recognition device? 

_____ yes, often enough to become 
familiar with its use 

______ yes, but only in a 
demonstrational sense 
(such as at Walt Disney's 
Epcot Center) 

____ Never 

How would you describe your knowledge of such devices? 
_______ Little or none 

_______ Slight understanding of the 
principles / applications of use 

_____ itfoderate understanding of the 
principles / applications of use 

______ Thorough understanding of the 
principles / applications of use 

Considering the past year or two, how would you describe your 
experience with word processora, text editors, or typewriters? 

_______ Little or no use 

______ Small but significant amount of use 

______ Moderate amount of use 

_______ Extensive use 
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Appendix B. General Description of the 
Experiment and Participants Informed Consent 

Through recent advances in technology, it is now possible to talk to a computer 
and have it interpret what you say. There are still many problems associated 
with this technology (that is why you probably haven't seen it used before). This 
experiment is designed to address a few of the problems. You will be asked to 
use several different versions of a speech recognition system, nine versions to 
be exact. Your performance on a task while using each of the nine recognizers 
will be measured and you will be asked to rate each version on a series of pa­
rameters. Note, we are not evaluating you, but rather how performance changes 
when different versions of the speech recognizer are used. The total experiment 
will take place on two different days, each day requiring approximately two hours 
and fifteen minutes of your time for a total of four and a half hours. You will be 
paid $4.00 per hour. 

The experiment will take place in the Hu man-Computer Laboratory. You will be 
seated in front of a computer terminal. The task involves reading information 
from cards and speaking that information into a microphone leading to a com­
puter. The information will appear on the computer's screen for you to monitor. 
You will correct any errors which may occur. The task may at times seem boring 
or frustrating. However, no part of this experiment is expected to cause you any 
pain or harm. Several breaks are scheduled throughout each two and a quarter 
hour session, at which time you may visit the restroom, water fountain, or simply 
relax. The experiment will begin again when you are ready_ If for any reason 
you feel uncomfortable and wish to stop the experiment, you may inform the in­
vestigator and the experiment will be terminated. You will still be paid for the 
amount of time that you have spent in the study. However, please note that the 
research team would appreciate your cooperation in completing the full exper­
iment jf you can, so that a full set of data may be obtained. 

During the days in which you will be participating, as well as afterwards, please 
refrain from discussing the experiment with others who may have been or may 
be subjects in the experiment. Any prior knowledge regarding the experiment 
may bias a subject's performance, making the resu Its of the entire experiment 
contaminated. The study is scheduled to end February, 1988, after which you 
may discuss the study if you wish. 
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As a participant In this study, you have certain rights. These rights will now be 
explained to you, and you will be asked for your signature indicating that you 
consent to participate in this research. 

1. As mentioned before, you have the right to discontinue participating in the 
study at any time, for any reason. If you decide to terminate the experiment, 
inform the experimenter and he/she will pay you for the portion of time you 
have participated. 

2. You have the right to inspect your data and withdraw it if you choose. In 
general, data are processed and analyzed after a subject has completed the 
experiment. At that time, all identification information will be removed and 
there will be no way to associate your data with you. This is to insure com­
plete anonymity. Therefore, if you wish to withdraw your data for any reason, 
you must do so immediately after your participation is cOlJ1pleted. 

3. You have the right to be informed of the overall results of the experiment. If 
you wish to receive a synopsis of the results, include your address (three 
months hence) with your signature below. If you should then like further in­
formation, you may contact the Hu man Factors department and a fu II report 
will be made available to you. 

If you have any concerns regarding this experiment, you may contact either Dr. 
R. D. Dryden, the principal investigator at 961-6656, or Mr. Charres D. Waring, 
Chairman of the I nstitutional Review Board at 961-5283, if you do not feel com­
fortable talking with the experimenter. 

The faculty and graduate student members of the research team sincerely ap­
preciate your participation. If you have any questions about the experiment or 
your rights as a participant, please feel free to ask. We will do our best to answer 
them, subject only to the constraint that we do not wish to pre-bias the exper­
imental results. 

Your signature below indicates that you have read your rights as a participant 
and that you consent to participation. If you include your printed name and ad­
dress below, a summary of the experimental results will be sent to you. 

Signature 

Printed name and address 
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Appendix C. Detailed Task Instructions 

The task you are to perform requires you to enter information into a computer. 
Please note, however, that no previous experience with computers is required. 
What makes this task unique is that instead of using the computer's keyboard to 
type information into the computer, you will simply speak into a microphone and 
a special speech recognition system will interpret what you say and pass the in­
formation on to the host computer. Your spoken inputs will immediately appear 
on a screen positioned in front of you just as if you had typed them, and any 
commands you enter will immediately be executed. 

As you know, when a person types on a typewriter or a computer keyboard, 
he/she may often make mistakes which must be corrected. Similarly, when you 
speak to a voice recognition system, it too makes mistakes which must be cor­
rected. You will be instructed as to how to correct these mistakes. Remember, 
these errors are a natural result of the speech recognition process and do not in 
any way reflect poor performance on your part. 

Task Description 
The task itself is similar in nature to one which might be found in the warehouse 
of a large department store. As merchandise is delivered to the store, it;s 
necessary to make a record of what items arrive so that an accurate record of the 
store's inventory can be maintained. You will receive a stack of cards repres .. 
enting the shipping labels on arriving merchandise. It will be your job to enter 
the information contained on the cards into the computer. An example card fol­
lows. 

item name: LADIES SILK BLOUSE 

10 number: 34628 

color: ROYAL BLUE 

size: 8 PETITE 

quantity: 6 

You will speak each word in order, speaking fairly slowly and carefully 
pronunciating each. At the end of each line, you will say the word ENTER, which 
instructs the computer to continue to the next line. Each card will contain five 
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lines of information. When you have entered all information on a single card, you 
will say the word DONE, which indicates to the computer that all information 
pertaining to the current product has been entered, and you will then proceed to 
the next card. 

Your task is complicated by the fact that speech recognition systems are not 
perfect. Sometimes they confuse one word for another (e.g. you may say 
"blue" but the speech recognition system thinks you said "two"). In other cases, 
it may realize you said something, but cannot identify the word at all. In these 
cases, the system will display on your terminal screen NXXXXXXXXX" indicating 
to you that it could not understand you. In either of these events, you must 
back-up and try again. (Exactly how to correct these errors wit! be explained 
shortly). It is also possible that the word spoken is not on the list of words that 
the recognizer knows. Because of the way in which speech recognizers operate, 
they are only able to recognize a certain number of words which have previously 
been given to them. Some recognizers can recognize only a few words while 
others can recognize many. The task you will be performing involves words the 
recognizer knows as well as words which it does not know. To help you know 
which words it will understand, these words will be written in black ink on the 
inventory cards while the words the recognizer does not know will be written in 
red ink. You will have to use a different procedure in order to enter these words 
(this procedure will be explained shortly). If you should, by mistake, speak a 
word which is not one of the words the recognizer knows, it will again display the 
symbol "XXXXXXXXX" on your terminal screen indicating to you that it did not 
understand what you said. Notice that when the symbol "XXXXXXXXX" appears 
on the screen, you cannot always be sure whether the recognizer knows the 
word but just did not understand you, or whether the recognizer does not know 
that word. 

Correcting Errors 
The procedure for correcting these errors will be to first position the cursor over 
the incorrect item by using the spoken commands BACK and NEXT. The com­
mand BACK will move the cursor to the left one word. It may be repeated se­
veral times. For example, in the phrase 

LADIES SILK BLOUSE 

jf the cursor is currently positioned over the word BLOUSE, the command BACK 
BACK will move the cursor to the word LADIES. Similarly, the command NEXT 
will move the cursor to the right one word and may be repeated (NEXT NEXT) to 
move ~he cursor more than one word. 

Once the cursor is positioned over the incorrect word, that word may be changed 
by using one of two methods. You may simply repeat the intended input. If you 
try this and it does not work (you still get the symbol "XXXXXXXXX") or if you 
already know the word is not· in the vocabulary, you may enter the word by 
spelling it. First you must say the command SPELL, then you may say each let­
ter, being careful to pronunciate it clearly. When the complete word has been 
spelled, you must say the command END SPELL. It is important that you do not 
forget to say END SPELL when you have completed spelling a word. 

Correcting Spelling Errors 
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It is also possible that while you are spelling a word, some of the letters you say 
will not be recognized by the system. It may confuse two letters (e.g. you say 
"A" but it thinks you've said "J"), or it may simply not understand which letter 
you've said in which case it displays the symbol "x" (a lower case letter). These 
errors are corrected in much the same way as the word-level errors. You will 
use the command BACK to move the cursor over the incorrect letter and simply 
repeat the letter until the recognizer correctly understands you. While you are 
in spell mode, the BACK command operates slightly differently than when you 
are entering word-level data. Each time you say BACK, the previous letter is 
deleted. For example, if the cursor were positioned over the "5" in the word 
LADIES and you said BACK BACK BACK, the letters I E and 5 would disappear 
and the remaining phrase would look like this: 

LAD 

Therefore, you would need to repeat the letters I, E, and 5 before you said the 
words END SPELL to return to word-level entry. Note that all character-level 
corrections must be made before you exit the spell mode. 

Now remember that each card will contain 5 Hnes of information. Each line will 
contain anywhere from 1 to 6 words. While you are entering information on a 
line, you may make any corrections necessary, but once you say the command 
ENTER, that line of information can no longer be changed. The cursor automat­
ically moves to the next line, ready for more information. You will still be able 
to see the previous lines, but you cannot change them. So be sure to correct any 
errors on a line before saying the command ENTER. 

As you may have guessed, just as the recognizer sometimes misunderstands 
you as you enter data, it may also misunderstand the command words (e.g. 
NEXT, BACK,SPELL, etc.). The system is designed so that it will not confuse two 
commands (e.g. BACK for NEXT), but it will sometimes not understand them, in 
which case the symbol "XXXXXXXXX" will appear. For example, you may be at 
the end of a line and wish to continue to the next line, so you say ENTER. If, 
however, the recognizer does not understand the command, instead of returning 
the cursor to the next line, the line will look like this: 

LADIES SILK BLOUSE XXXXXXXXX 

To correct this error, you would say BACK to position the cursor over the symbol 
"XXXXXXXXX", and then say REMOVE and the XiS will disappear. Then, you 
would say ENTER again to continue to the next line. Any of the commands may 
be misrecognized (NEXT, BACK, ENTER, DONE, SPELL, END SPELL, and RE­
MOVE) but can all be corrected by removing the unintended XiS and repeating 
the command. 

Using these input and editing procedures, it will be your task to enter all of the 
information on all of the inventory cards into the computer. You will want to work 
as quickly as possible, but also leave as few uncorrected errors as possible. 

The procedures for entering data and correcting errors may at first seem con­
fusing .. However, you will be given adequate time to practice using the system, 
and sh.;)uld "get the hang of it" before the actual experiment begins. The practice 
session will be similar to the data collection periods, except that the exper-
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Imenter will be in the room to answer any questions you may have. You should 
completely understand the task before going any further than the practice ses­
sion because no questions will be answered during the experiment. 

As mentioned before, you will complete 9 different experimental trials over a 2 
day period. In each of the 9 trials, your task will remain the same, but the dif­
ferent recognizers may operate slightly differently. In some cases, one may ap­
pear not to be able to recognize your voice as well as others. This does not in 
any way reflect poor performance on your part and you should not try to alter 
your speech to compensate. 

After each trial, you will be asked to complete a questionnaire with regard to the 
speech recognition system you have just used. This questionnaire along with 
instructions on how to complete it can be found on the next page. Please review 
it carefully. On the following page, you will find a table of events, summarizing 
the experiment and the tasks you will be performing. Review it carefully also. 
If you have any questions, please ask them at this time. Otherwise, the practice 
session will begin. Don't forget, you may ask questions during the practice ses­
sion, but not during the actual data collection trials so make sure you thoroughly 
understand the task before the end of the practice session. Review the following 
pages now and inform the experimenter when you are through. 

Additional Reminders 

• Speak clearly; pronunciate each word distinctly 

• Say "ZERO" instead of "OH" for the digit 0 

• Say numbers digit by digit ("SEVEN ZERO" instead of "SEVENTY") 

• A space will appear between the digits, this is perfectly acceptable (Le. 7 a 
4 6 2) 

• Remember not to speak to the experimenter or to yourself during the exper­
iment. The recognizer will attempt to interpret what you say. If you must 
speak to the experimenter, remove the microphone first. 
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