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Rapid technoloyical advances in Navy weapons have resulted

in weapon systems with substantial increases in capability. This
technological sophistication has produced the operational situa-
tion wherein the intended operator's capability to respond with
the necessary speed and/or accuracy is treguently precluded. The
human operator may be placed in the difficult situation where he
is incapable of responding to the myriad of inputs impinging upon
him. This inadeguacy on the part of operators can and does
result in weapon systems not reaching the tull potential, or
worse yet, beinyg rendered ineffective by operator tailure.

The nature of the problem is trequently one of a failure to
match man's capabilities and limitations with machine system
reguirements. That 1s, machine capabilities have expanded siyni-
ticantly as a result of technoloyical developments. These
developments have resulted in added system complexity as well as
expanded capability. However, the intertace between man and
machine has remained relatively constant. Man interacts with
machine using the same technoloyy that was employed with much
simpler and less capable hardware systems. Theretore, while the
nature of the eguipment has advanced rapidly in recent years,
man's capabilities and the devices provided for man to interact
with machines have remained essentially unchanged. Such a
situation frequently produces an environment wherein the operator
cannot satisty his function and thereby contributes to system

inability to meet mission needs. Theretore, it the tull

potential of, complex new weapon systems 1s to be realized,




attention must be devoted to desiyninyg man-machlne 1ntertaces
which consider prospective operators in terms of system
objectives.

The above is not designed to suyyest that innovative
techniyues tor man-machine communications have not been explorea.
For example, numerous research etforts (e.yg. Connolly, LY7Y; Lea,
198U; Lea and Shoup, 1979Y; Poock, 1980; etc.) have demonstrated
that speech represents a viable alternative to manual entry in
man-machine interaction. These ettorts have supported the
hypothesis that in specific operational environments with certai:.
task types, speech may be more ettective than the traditional
manual {(e.yg. hands, feet) control system. In fact, Lea (198U}
and Martin and welch (1980) sugyest that speech, as a result of
the treyuency and intensity ot use, is man's most "natural" ana
perhaps universal response modality. Further, in situations
where speech can be ettectively used as a human output-machine
input mechanism, it may serve to free the extremities tor
tunctions incompatible with speech. Such a situation would serve
to expand human operator capability and thereby enhance the
poOssibility ot the human element to tunction successfully in an
increasingly complex and demanding military operational
environment.,

Based on the above, the Naval Postyraduate school began to
consider the use of speech as a machine control medium in the
late 197U's. The present etfort represents a review ot some ot

the major research etforts conducted at NPS and suygyestions tor

turther research in yeneral areas ot speech recoynhition and

ekt ot




speech as an input modality tor machines.

Overview of NPS Voice Recoynition Research

Research on voice recoynition at the Naval Postyraduate

School has attempted to examine the various elements which
possess the potential tor improving on overall system

performance. The elements influencing the efficiency with which

man interacts with machine include the tollowing: (Meister 1971) !
1) Equipment-physical characteristics 4
2) Environment-physical surroundings
3) Task-nature of job(s) pertormed
4) Personnel-capabilities, limitations, attitudes and
training

Voice recoynition research at NPS has attenpted to examine
the variables sugygested by Meister (19Y7.) in order to ygain an
appreciation for the potential effect each cateyory may have on
voice recognition pertormance.

In addition, it must be recogygnized that the arranygement or
organization of the above variable cateygories represents a

system. Therefore, in addition to considerinyg individual

parameters it is essential the combination ot elements also be
considered. To accomplish this aspect, the NP5 research proyram }
on voice recognition included resecarch etforts directed at perfor-
mance assessment of simulated operational environments to examine
combinations ot variable cateyories. i1
The present ettort represents a review ot completed voice

recoynition research ettorts conducted at wbks. 1t will include a i




brief summary of each ettort and a discussion of research work,
as sugygyested by current tindings. The approach taken here will
begin with a discussion of student studies of individual elements

followed by combination of efforts where multiple elements in a

simulated operational situation were investigated,

i
The voice recoynition system used in the majority of NPS é

t
voice recoygnition experiements consisted of model T60U Threshold :
Technology, Inc., a voice recoygnition system. This system is a
discrete utterance recoynizer. (An utterance being detined as a
single word or continuous string of words not exceedinyg two i
seconds in duration.) The T6UU consists of a noise cancelling
microphone, analoy speech preprocessor, microcomputer, CRT and |
keyboard unit and a maygnetic tape cartridye unit. The system
operates by havinyg a subject establish reference speech patterns
for a specific vocabulary during & training period. Training
consists ot having a subject "train" the voice recognizer by
repeating each utterance to be used ten times. Training provides
a basis for comparison duriny operation. Traininy can be accom-
plished in less than ten exposures, however, the manufacturer
has suygygested ten repetitions for maximum recoynition. Following

traininyg, an operator speaks the utterance 1nto the microphone

T

tollowed by acceptance ot the utterance by the speech processor,

The speech processor extracts speech parameters from the input and

A &

converts them to digital siynals tor processing by microcomputer,
Possible responses by the system consist ot a match between the

spoken utterance and the stored vocabulary; a misrecoynition (i.e.

systems failing to accurately recoynize the spoken utterance);

|
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non-recoynition in which the system responds with a "beep".
A more detailed description ot the T6UU ana the operational

characteristics can be obtalned in Armstrony (lygu).

tnvironment-physical surroundings

In any situation involving speech communication, noise
represents a potentially disrupting intluence. This potential is
particularly important 1in situations where accurate communication
is critical (McCormick and sanders, 1Y8Z2)., Accuracy of reception
in the presence ot noise is an essential criteria tor any 1input
system being considered by the military. The operational
military environment 1is treyuently characterized by high noise
levels and investigation of the potential input of noise on volce
recogynition must be considered ot merit.

blster (1980} conducted a study where consideration of the
potential input ot environmental noise on speech recognition was
investigated. tlster's experiment used the Té6UU voice recoyni-
tion system expanded to ¢5b two second utterances. In EBister's
experiment, however, he limited the investigation to buU
utterances.

Independent variables consisted of a) noise level during
training of the system, and b) noise level during testinyg ot the
system. Noise levels tor both independent variables were
identical and consisted ot: Aambient noise (averaye ot 38 dpA),
conversational noise (averayge of b5 dBA), and a second conversa-
tional noise level (average ot 75 dpBA). 1In all three noise

conditions deviation trom the average did not exceed * 7 dBA.
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Fach subject in the study trained the T6UU under one ot the
above described noise conditions and tested in each ot the three
noise conditions, six subjects beinyg randomly assiyned to each
training condition.

Procedure followed reguired each subject to train the system
on the selected 5U utterances. Training was considered accept-
able when an utterance was correctly recoynized two out of three
times. Testing of the system required each subject to voice each
utterance once under each noise condition. An error was scored
if the voice recognizer responded with a "beep", the wrony word,
or produced output when no utterance was produced by the subject,
In a second analysis ot the data, klster removed the variable ot
"no utterance" leaving only "beeps" ana wronyg responses.

llr]O

However, in the final analysis ot variance, removal of
utterance" did not influence the results.

Overall results of Elster's effort suggested that the
presence of nolise during testing influenced performance, as
measured by the experiment., Specifically, blster observed that a
conversational noise backyround ot 75 dBA produced more errors
than either 38 dBA or 65 dbBA. However, no ditterence was
observed between 38 and 65 dBA. LElster Qid not observe a
relationship between training and testinyg backyground noise
levels,

This observation did not support the tindinygs ot Urennen

(1980) as reported during a bUD sponsored conterence on voice

interactive systems. Urennen reported an interaction between




training backyround noise ana testing backgyrouna nolse levels.
Specitically, Drennen observed testing pertormance was cenhanced
when tralning occurred at noulse levels similar to what was
experlienced durlnyg testiny. The ditterence between flndings ot
Elster and brennen coula reside in the tact that uUrennen's noise
levels were considerably higher in Intensity (1UU dpy as measured
on an SPL meter) than those cmployed by hklster. [n tact brennen
is ot the opinion interacticn between testing anc training will
not be observed until packyround db levels approach 1UuU ap.

The ettorts ot klster were signitilcant in tnat they proquced
evidence ot potentlal pertormance degyradation cf volce
recoynition systems under consistent packgrouns nolse levels.,
This work needs to be expanded L0 examlne more exXtreme levels ol
backyround noise and ditterent types of nolse (1.e. difterent
noise sources). tor example, it may be possidle that machilnery
noise will impact difterently than conversational nolse.
Further, the dgitterence lhetween Drennen and blster on the
intluence ot neise during Lraining on subsequent testing shoula
be pursued.

bElster's stuty investilqgated the most obvious environmental
intluences -- noise, specltically conversatiatal noise. As
suyyested above, the study shoula be expanaged £ investiyate
other noise sources {e.y. Impact and machinetry noises, etc.) as
well as other nolse parameters and their cttect on speech
recoynition system pertormance.

However, 1t will be 1interesting and 1n fact necessary betore

implementation to 1nvestigyate the potential liw.act ot other

.




environmental tactors. tor example, vibration and acceleration/
deceleration, pressure variation, etc. ftound 1n many military
situations. These factors as well as any other potential
environmental intluences that may exist in the work station need
to be considered prior to acceptance or rejection ot the system.
Therefore, it must be concluded that considerable research
on environmental tactors and their intluence on system pertor-
mance remain to be done. Lklster's eftorts represent an excellent
beyinning in the area of constant noise but should be followed

with aadditional studies in the total area ot environment,

Task Variables

Another area ot interest 1s the nature ot the task to be
pertormed. The Naval Postygraduate sSchool research program has
devoted considerable attention to the intluence task ditterence
may exercise on overall system pertormance. These ettorts have

concentrated on attempting to simulate operational ty,« tasks.

Jay (l9Y8l) considered speech recoygnition as a uweans ot
improving speed and reliability in the intelligyence community
task ot imagery interpretation. Military imagery 1interpretation
is essentially the analysis ot a display 1n terms ot "what",
"who", "when" and "where"., 1t is desiyned to aid the commanaer
in the qecision makinyg process and 1is a major factor in command
and control. Current systems provide for man-machine
communication throu ,h the use ot a keyboard. dJay investigyated

the possibility or improving imagery interpretation by improving




the man-machine interface. It was the opinion ot Jay, that

improving the interaction would result in improved use of man's
skills by allowing the operator to concentrate on image analysis ]
as opposed to concentrating on inputting intormation into the

system via a keyboard.

The research effort was desiygned to determine whether or not

a currently available voice recoygnition system could be employed
for reporting imagery derived trom intelligence intormation using
an interactive computer system. The guestion to be answered

involved a determination of any siyniticant ditterences in {

speed, accuracy, efficiency and subject attitudes regyarding i
manual keyboard input methods versus voice entry.,

Egquipment employed in the study included the T60U Voice i
recoynizer and a & 1130 Harvard Tachistoscope for simulating .
the optics portion of an imayery interpreter's task. The
Tachistoscope is a sophisticated instrument which provides a

mechanism for the presentation of visual information., It can be

programmed to present or change stimuli at specific intervals or F
allow the viewer to change presented information at will. 1In . P4
Jay's experiment the Tachistoscope was used to simulate the ¥

visual task ot imagery analysis and subseguent reporting.

Thirty-six stimulus cards were used in the experiment. Content

for the cards was judyged on the basis ot realism, even wmix ot

ground, air and naval terms, use of USSR/warsaw Pact vocabulary,
and maintenance ot a balance in number ot characters in sets of
stimuli,

The T6UU used in the experiment had an expanded memory

providing for 256 discrete utterances. 1In addition, two




recoynition modes were used - buttered and unbuttered. In the
unbutfered mode, the system outputs to the computer immediately
tollowing voice 1nput. 1n the buttered mode, up to l<¥ utterance
output strinygs could be stored seyuentially 1n the butter tor
subseyuent output as a block of characters. Vocabulary used
consisted of 255 utternaces. Included were the phonetic
alphabet, numbers U - 25, administrative alphanumerics, special
symbols and control characters, and air, ground and naval forces
equipment vocabulary. In Jay's ettort no attempt was made to
limit the comparison set for an utterance. Rather the entire
vocabular of ¢55 utterances was used tor each spoken utterance.

Manual entry ot intormation was accomplished by means of a
keyboard. Subjects were yilven a typiny test prior to
participating in the actual experiment. Based on the results ot
the test, subjects were classified as either "tast" or "slow".
Slow typists scores ranged from 17 to 32 words per minute (wpm)
with an averaye of 25 wpm. Fast typists scores rangyed trom 33 to
58 wpm with an average ot 43 wpm.

Included in the effort ot Jay was consideration ot inter-
active text editing. This fteature was provided by tacilities at
ARPANET. Host computers in ARPANET were used to conduct and man-
age experimentgl as well as the interactive computer environment.

Subjects consisted of 20 volunteers. of the twenty,
eighteen were military and two civilian. Nineteen of the
subjects were male and one was female. Most subjects (18) had

observed a demonstration of the voice system., Twelve had

!
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actually used the system in one capacity or another and 1l nad
researched voice tor a report.

For purposes of the experiment, all subjects 1individually
trained the system wilth the 255 word vocabulary. ‘fraining
included orientation on proper methods In system tralning prior
to entering utterances into wemory. Followiny trailning ot the
system each utterance was repeated three times. CUriterion for
considering the system "trained" was correct two out of three
training trials. Any utterance not meeting criterion was retrained.

Jay identified attitudes toward use of volce in a situation
normally involving manual entry as an 1mportant variable worthy
of consideration. A guestionnalire was deveioged to assess
attitudes of subjects regyacriing volice entr, vs manual entry.
Questions probed attitudes ot subjects relative to acccuracy,
speed, traininyg, tlexibility, etc. The questionnalre was
administered betcre and atter actual testing.

The results ot Jay's eftorts were impressive 1n supporting
the possibility ot usiny voice entry in the w»ork environment and
task type investigyated. Jay observed that in reporting speed a
highly signiticant dit!erence (P < ,UU0Ub) exlsted between ex-
plored entry modes. Jay obscrved that on the averayge, unbuttered
voice condition was 4l% and buttered=-voice 5Hdn taster than typed
data entry. The author postulated that volce data entry allowed
subjects to compose a report while simultaneously receiving
information, This condition did not exist with manual entry.

Learning over trials was observed 1In all data entry modes.

It was, however, interestingy that no signiticant ditterence was




observed between tast typists and slow typists. ‘The lack ot a

siyniticant ditterence as a result ot previous experlence and
competence as a typlst may suyyest that the typlngy task 18
sutticiently ditterent trom the task of 1nterest here Lo rendaer
previous experience and capability ot little value,

[n the real world 1ntelligyence environment re orting
accuracy woula be as important 1f not more iImgortant than
reportiny speed. In terms of reporting accuracy, no . 1anlticant
difterence existed between the conditions investigated,  bFast
typlsts, slow typilsts, and entry modes were not Slgnltilcantiy
gitterent.

The third variable considered 1nvolved etrticlency ot
reporting. In terms ot etticlency, typlng was consldered the
most ertficlent, (Y5%) buttered voice entry next (85%) ana
unbuttered voice least ettilcient (8U%).

Jay suyyested that eftlclency ditterences may be the result
ot ditterences 1in exposure with the entry modes examlned. lhat
is, as a result ot rather extensive exposure to keyboaras prior
to the experiment and limitedg voice entry exposure, keyboard was
superior. This conclusion does appear to contlict with the
earlier suygestion relative to the relationship ot exposure and
manual entry performance. This hypothesis qeserves turther study
as it was not ﬁotally supported by the results ot other aspects
ot the study. Tnat 1s, observations with other variables (e.y.

speed, accuracy) do not necessarily support Jay's conclusion,

Additional exploration ot the experience guestion would be ot




great merit. It certainly suggyests the neca to attempt to eyuate
experience levels in ftfuture studies,

In operational settingys the questlon of volce entry system

accuracy over time coula certalnly be an 1mportant consideration,
The prospect of tilme-on-task or just clapsed time impactiny on
speaker pertormance would scem a reasonable assumption. Results,
however, suygyested that time did not dejrade volce recoynition
system performance. ‘The TbUU pertormance 1n recoynlition accuracy
over trials was 9Y7% it only volce recognltion errors were

considered and 95.5% 1t rejects werce involved.

Subject Attitudes

As suygested earlier, Jay correctly itdentitied user
attitudes as a potentially siyniticant tactor 1n overall system
performance. As a result of the yuestionalire adninistered to
determine subject attitudes, Jay considered subject attitudes to
be yenerally positive relative to use ot volce. Ot particular
interest was subject evaluation ot speech entr, tollowiny the
experiment. Opinions expressed by participants were more .
positive at the conclusion ot the eftort than prior to commence-
ment., There is no yuestion that it 1s a signiticant advantaye
when potential-users accept a propesed system, Rejection can
lead to inefticiency and overall degration of system pertormance

! . which can be eliminated only with extensive training and

considerable experience. However, operator acceptance is not

sufficient reason tor acceptance ot a system. For example, most




subjects express a detinite preference tor color displays and
estimate thelir performance as beiny superior with the color dis-
play when compared with black and white. Research evidence does
not always support the opinion ot the subject in that in some
tasks while perterence may be tor color, pertormance tavors black
and white. The point being that preference alone may not
necessarily mean pertormance will be enhanced. This should not
be construed, however, to minimize the siyniticance ot operator
acceptance.

Iln summary, 1t must be admitted that Jay's study did not
provide evidence ot a clear superiority tor manual or voice
entry. The results were mixed 1ndlcating advantayes in specitic
situations tor each entry mode. buch a tinainy 1s not uniyue and
suyyests the need tor additional research to identlty those tasks
where voice entry can provide tor pertormance enhancement and/or
identify tasks which seemingly are not well suited to voice
entry.

Mcsorley (198l) also examined the potential of voice
recoygynition in an applied settiny. The author's objective was to
examine the possibility of operating a wWartare Environmental
simulator (WkS) by voice entry rather than the traditional manual
method. The procedure utilized 1nvolved entry commandas via
voice or manual entry and subseyuent evaluation ot the two entry
methods.

tThe WkS wargyame 1s computer assisted and consists of a two-

sided 1nteractive process 1n which two sides (blue and oranye)

can detine, structure and control own torces. It 1s a naval




war game exclusively and involves 80U commands tor control ot
platform and sensors involved in the game. Commands used by
players are highly formatted in terms of syntax and 1nput para-
meters., Input errors can consist ot ilncorrect syntax or an
impossible action. Syntax errors result in lmmediate notitica-
tion which can be corrected immediately. Impossible action
errors do not result in immediate warning. Notitication ot
impossible action is not displayed until execution 1s attempted.

WwES requires that a specific scenario be selected.

Scenarios employed by Mcsorley consisted of the CUBA scenario
because of its simplicity and adequate forces to meet objectives
of the etfort. In the scenario U.5. vessels consist ot the
aircraft carrier bknterprise, guided missile destroyer Berklcy and
the nuclear submarine Sturgeon. Opposition forces consisted of
three soviet warships and a merchant vessel in a situation
similar to the 1962 Cuban missile crisis.

Equipment consisted of the Threshold Te6UU voice recognition
unit, an ADM 31 Data Display Terminal and a Minlterm Mcael 1203
system. The 160U was used tor voice entry, the ADM 31 tor manual
entry and the Miniterm was used to provide a hard copy printout

ot input commands tor scoring pertormance.

Sub !ects

Twelve volunteer subjects participated 1n the study. bkleven
of the subjects were male military otficers and one was a temale
civilian member ot the NP5 faculty. Subjects had varyinyg levels
ot experience with wkS, with the taculty member beiny yuite

experienced with the wargame. VFamiliarity with the voice

15




recoynition system also varied trom experienced to 1lnexperienced
with six beiny assigned to each cateygory.
Training 1involved use or the Wbks vocabulary whilch consisted

of 162 utterances. As in the previous efftorts, once the voice
| recoynition system was tralined, each vocabulary utterance was
repeated three times. Utterances correctly identified two ot the
three times were considered "trained", Utterances failing to
meet the criterion were retrained.

Typing ability was assessed using a 5 minute typing
exercise. The exercise consisted of two standard paragraphs
totalling 21 lines. Typing ability ranged trom 20 to 4U wpm.

The actual experiment consisted ot 20 basic wkS commanas.
These commands totalled 162 utterances and involved 67 of the ibe
utterances deemed necessary to conduct an actual WeEs war yame.
The 2U commands were segmented into tive yroups, each consisting
of tour commands. Subjects input the 20U commands and tive yroups

of tour commands in each of three input modes. These three input

modes consisted ot buttered voice, unbuttered voice and manual
(typing). Input methods were randomly assigned in terms ot order
ot presentation.

Pertormance measures were as follows:

(l) Time required tor input

(2) [Input error.

Input errors involved recognition errors and operator errors.
An error involving a misrecognition by the To6UU, i.e. utterance

was not correctly identitied, was considered a recoynition error.

This ftorm of 1nput error was obviously not applicable to manual




entry. Operator error was essentially any other error that coula

not be classified as a recoynition type error.

Results of McSorley's eftort sugyested that manual entry
resulted in fewer errors and taster input than either buttfered or
unbuffered voice entry. Under unbuffered voice condition, of the
67 utterances reguired to form the command, 46 had been
misrecognized at least once. Twenty-one ot the utterances were
never misrecognized, In terms ot total errors, manual entry
resulted in 16Y errors, buttered voice 542 ana unbufrered voice
701, Theretore, manual entry resulted in b8.38 percent rewer
errors than buttered and 75.9Y percent tewer errors than
unbutfered voice.

speed of entry also favored manual :-.put. ‘lIntal time tor
input using manﬁal entry was 254,35 minutes, 286.17 tor buftered
and 585.7 for unbuftered. Typing was thnereiore il.l and bb,6
percént faster than buffered and unbuttered voice entry.

Experience was a definite factor in time reyuired tor entry.
However, while unbuftfered voice appeared to be tihe most
dramatically affected, relative position did not change.

However, experience did not impact on receognition errors.

Operator errors (e.g. spelling and typiny errors tor manual entry ;
and forygyetting procedures in voice entry) tavored huttered voice i
entry with no ditference between manuval entry and unbuttered |
voice. }

Kesults ot McSorley's ettort seemingly tavor a manual entry,

particularly over unbuttered volice 1n the cxperimental task.

There are, however, several consider. tions whilch regulre




clarification. First, error measurement was not the same for
voice and manual entry. Voice entry total errors included recoy-
nition errors and operator errors whereas manual entry assessment
was restricted to typinyg errors/operator errors. The impact of
this difference in the applied sense is obviously unknown., It
may be that in operational setting the ftact that error
measurement was not the same is really ot little importance.
However 1t may also be that the ditterence does not allow the
accurate assessment ot the two technigues of data entry.

It may be that voice entry is simply not appropriate tor

tasks of the type examined by Mcsorley. The results support the
requirewent to examine the nature of the task prior to concluding
that application is or is not appropriate.

Ruess (1982) studied the applicability ot discrete 4
utterance voice recognition in a simulated loading and retarget-~
ing situation for Air Launch Cruise Missiles (ACLM). As in
previous efforts, Ruess compared voice entry and traditional
manual (keyboard) entry of information in a retargeting
situation. A second dimension, althouyh not directly involved

with entry method, was an examination of display technigues and

their ettect on performance, i

Ruess measured speed of 1i1nput, accuracy ot 1nput and time vs
accuracy ot entry methods. For keyboard entry, a workiny model
ot the inteyrated keyboard (LKB) used 1n the H52G was
constructed. ‘Ihe 1nteyrated keyboard was interfaced with an
Apple 11 microcomputer via a Lear-5ieyler ALDM 3A terminal,

Intormation input via the keyboard was stored in memory tor later




printout on a MICROLINE Micron 8U printer.

Voice entry was accomplished using the 160U voice
recoynition system. In the Ruess study the only major difterence
trom previously observed investiyation was the use ot the Apple
II computer.

Subjects consisted of 20U volunteers. Subject population was
comprised of 16 male and four ftemale participants. Seventeen ot
the 20 were military and three were civilians. Five ot the
subjects had previous voice entry experience and no subjects had
IKB experience.

In the case ot both entry methods, subjects were allowed a
familiarization/traininyg period. Voice entry tralining was
similar to previously discussed ettorts.

bExperimental desiyn involved each subject entering 2U ALCHM
target sites. kEntry mode selected was determined using ABBA
ordering technigue. A second aspect ot the study 1involved a
"Taryget Information" veritication. Purpose of this portion ot
the experiment was to compare display techniques. Subjects were
reguired to make changes in certain taryet sets where deliberate
errors had been introduced by the investigator, Certain sets
reguired no input while others required a total of nine
modifications. . Each of the three ygroups ot six sets required a
total ot 26 randomly distributed chanyes,

In "Targyet Loadinyg Task" results were obtained and analyzeq
tor time, accuracy and time vs accuracy. In this task keyboard
entry was taster for 15 ot the nineteen subjects. 0Ot the tour

remalning subjects, one demonstrated no ditterence between entry




modes and three subjects had taster entry times using voice,

Statistical analysis supported that IKB was taster than voice
entry (P < .U5). These results were similar to the findinygs ot
McSorley and in contlict with the findinys ot Jay. Overall, IKB
was more accurate than voice with a P < .01,

In terms of output, there was no signiticant difterence
between voice and manual entry.

Overall, Ruess' experiment suygyested manual entry was
superior to voice in terms of speed and input accuracy. Output
accuracy, the validation of data prior to actual entry, indicated
no dittference between entry methods.

wolfe and Tayggyert (1Y81l) compared voice and manual entry in
an operational data entry task. Wwolte and Tayyart wrote a
computer program which would simulate data entry capabilities ot
the P-3C operational software.

The authors attempted to simulate an operational data input
function analyzing an operational vocabulary. The input function
selected for test involved the TACCO preflight data entry in the
P-3C ASW patrol aircraft. The actual task involved entering
preflight data in Stores Management and Navigation Preflight
tableaux. In order to accomplish the task, three talbeaux from
the operational sottware were used in the simulation. These
involved: INDEX, STORBES MANAGEMENT, and NAV PREFLIGHT. The INUDEX
tableaux represented a comprehensive representation ot tableaux
avallable to operators in the operational system. The INDEX

tableaux allows operators to select the desired tableaux, in the
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case of Wolte and Taygart's experiment either STURES MANAGEMENL

or NAV PREFLIGHT, by inserting the appropriate command, Once

displayed, operators can interact with tableaux by means ot a

data entry system.
Wolfe and Tagygyart were interested 1n examining whether or

not voice entry held any advantayes over the traditional manual

entry (keyboard) system. The authors selected speed ot 1nput and

accuracy as thelr pertormance measures.
Equipment included the T600 voice system, a batamedia klite
2500 CRT and a keyset., The ettort dittered from some previous

experiments in that a pPLP 1150 computer was used 1n the

experiment., Display ana entry (keyset) were displaced to reyguire
subjects to divert their attention away trom entry systems as is

true in the operational environment.

Thirteen volunteers served as subjects. subjects included

twelve male and one temale otficer. All subjects had prior
experience with keyboard entry with a wide range ot exposure

levels. Four of the subjects were TACCU's and had experience

with the data entry task. One ot the thirteen had previous

experience with volce recoygnition equlpment.,

In preparation tor participation, subjects were administered

a typing test and provided with intormation regyarudin; use ot

voice recoygynition eguipment. Subjects were then allowed to

familiarize themselves with voice reognition systems and

instructed in the "traininyg" ot the system. Subjects trained the

system on the 6l vocabulary utterances followiny familiarization.




A departure from earlier efforts was that Wolfe and Taygart set
the criterion tor acceptance of traininyg at three out ot four
correctly recoynized utterances, rather than two out ot three.

Stage two ot the study consisted of subjects actually
filling in the data required tor the STURES MANAGEMENT and
NAV PREFLIGHT tableaux. Subjects had to insert data twice, once
manually and once using voice. Entry method seyuence was
randomly assigned to subjects. Stage two followed staye one by
one to three days.

Stayge three tollowed stage two by one to three days. This
consisted of revising the entry sequence, That 1is, subjects who
started with voice in staye two, started with manual during stage
three. Those who started with manual in staye two, started with
voice 1n stayge three.

As suyyested earlier, Wolfe and Tagyart selected speed of
input and accuracy as their pertormance measures. Pertormance
evaluation was based on operational error rate and time reyuired
to enter data. Operational errors were detined as entry errors
which went undetected by subjects and theretore remained
tollowing completion of the data entry task. Input errors were
recorded but only for consideration in analyzing overall input
time.

Tableaux selected for study (i.e. STURES MANAGEMENT and
NAV PREFLIGHT) were used as a result of different input
regquirements. STORES MANAGEMENT was selected because one

utterance could provide more than one bit of data output. This

was considered to be the most advantayeous condition. NAV




PREFLIGHT was considered the less advantageous situyatlion as a
result ot one utterance providing one it of data.

As all subjects participated in two trials, analysis ot
entry time examined the ettect of trials and entry method.
Results indicated that in STURES MANAGEMENT, voice was taster
than keyset entry in both trials. It was 1lnteresting that keysct
manifested a 9.1 percent improvement in time between trial one
and two, while voice entry experienced a 12.6 percent improvement
in entry time between trials one and two (P<.01l)., However,
statistical analysis revealed no significant intevaction between
entry method and trial.

In Navigation Prefliyht data entry a simitar situation was
demonstrated. Keyset data entry was 1ll.b percent taster on %trial
two than trial one, ana voice was b.,4 percent raster (P<,1lv).
While not reachiny the desired level ot statistical sigyniticance,
the findings are sugyestive. Comparison of entry time tor the
two tableaux revealed that in STORES MANAGEMENT voice was Y.7
percent taster than manual (P<.1). Again the results were not
significant at the desired level, however, results do suyjest
that for STORES MANAGEMENT voice input was taster., In NAV
PREFLIGHT keyset was 14.7 percent taster than voice entry with
the tindings stétistically significant (P<,01).

The tindings support Wolte and Tagyart's beliet that task
characteristics may be a contributing tactor in entry speed
pertormance. That 1s, character by charcter input vs, multiple

character may dictate which method ot entry 1s superior. Between




subject variability 1in entry speed pertormance was also
manitested in certain aspects ot the experiment. Analysis
indicated a difterence between subjects on the STURES MANAGEMENT
task but not NAV PReFLIGH:{. OUnce ayain the data suyyests that
characteristics ot the task may intluence overall pertormance.

Experience level was also considered as a possible ractor
in entry pertormance. The typing test administered prior to the
actual coinduct ot the experiment was used toO segreyate subjects
into fast typists (3U wpm or ygreater) and slow typists (less than
30 wpm). No difterence in entry speed was observed between the
two groups.

Data had also been recorded on wartare Speciality. It will
be recalled that four of the subjects had had experience with
manual entry or the type of data used in the study. In the first
no diftference was observed between the "LTACCO" group and the "non
TACCO" group. However, on the second trial the "TACCU" group was
23 percent taster with a statistical siyniticance ot ¢<.Ul.

In terms ot operational errors, (i.e., errors which remained
at completion of a trial) no siyniticant aitterence was observed
between the entry methods. Unlike entry speed, trials did
interact with pertormance.

Entry errors were not a prime concern of the ettort.
However, entr} errors were considered in the analysis and
differences between entry modes were observed. The error rate

tor voice entry was 2.4 percent and manual entry 1.2 percent.

The difference was statistically siyniticant (P<.U25). However,




It should be noted that with the observed percentajes a soail
SN1tt 1N the absolate crror rate would result in o odoh G reaster
shitt in the reiative rate. Theretore, the tindings coulel e
misieadling 1t stricti, 1nterpreted,

wWolte and Tuajjar! suguyested some potential reasons or volce
entry errcrs in their ,resentations. They observeu, tor example,
that voice recognition system experlenced conslderable airticulty
with the operational vocapulary. That 1s, in the vocabulary
there were severai ut:sranpces which were very similar (e.q.,
"thirteen lony", "rittecn tong", sixteen lony", etc.)., In fact
eight utterances or 13 percent ot the total resultec in 71.9
percent ot the entry errors and tive percent or the vocabulary (3
words) accounted tor 4l.Z2 percent ot the errors. kliniination ot
tnese troublesome utterances woulu probabhly nave improvea overall
psertormance ot volce entry conslderably. Certailnly vocabuiary
selection 1s a variable aemanding attention 1n a4 " cmpdtrlson of
entry modes.

An interesting obhservation 1n the wWolfe anu Vaj.art ofrort
was the sampling, ot subject opinion relatlve t o entr. modes.  The
authors had subjects respond to a guestionnair. recarding mode ot
entry preterence. ‘iwalve ot the subjects suggested volce was the
preterred entry mode 1n the STURES MANAGEMENT task, RKeason ror
their preterence indicating treeing the eyes tor veritfication of
input and a decrease ot tatigue which they relatoea to g decrease
in the probability ot producing errors. In terms of the NAV

PREFLIGHT task the responses were generally neutral in terms ot

entry mode preteronce,




The overall conclusion of the etfort seems to tavor voice
entry for the STURES MANAGEMENT task and manual entry for
NAV PREFLIGHT task. These tindings are signifticant in that they
sugygest a possible relationship between nature of the task and
entry mode. This very important question needs further develop-
ment. The tasks examined have evolved with manual entry
considered as the entry method. While in some cases slightly
inferior to manual entry, voice has certainly compared tavorably
in all cases. The question of performance effectiveness 1if the
task had been designed with voice entry in mind as the entry mode
needs to be researched before a tirm conclusion of superiority
can be reached.

The results of studies on operational type tasks suygest a
number ot areas in which further research is required,

studies should be developed which concentrate on:

{l) nature of tasks

{2) experience levels

(3) training (e.g., criteria for suygestinyg system is

"trained")

(4) attitudes

The data does support the possibility of voice entry in the
operational control. Jay's work and Wolfe and Taygart's ettort
in particular sugygyest the value of voice entry in certain
environments/tasks.
Personnel

Batchellor (1Y81) was concerned with the potential intluence

of certain personal characteristics on voice recoynition system




pertormances. bShe considered sex (male vs tuebmiv,, ot lcers vs

enlisted, and extent of training (thr.-, tive o ten training

trials).

Batchellor's study used essentially t e ©ame ooul; ment as
previously discussed eftforts. Subjects wets: ntroduce! Lo the
equipment and the nature of the experiment - <plainced, Following

familiarization actual "training” ot the syston compencen, uUne
objective of the effort involved consid=rati - ot tne
relationship between repetition of each utt—-rance .anu
pertormance. That is, the manutacturer recommends 1Y training
passes, However, when using lU trials, traininj can be vxtremely
time comsuming. If essentially the same r.s3dits can e obtalnea
with less training, a considerable tilme saving couid be realized,
Batchellor investiyated pertormance witt ture , 1w and ten
training trials. Order ot training passes «is randgoslzenl 50 that
each (i.e., three, tive ana ten) was used f1rst and witl an e¢gual
number of trials., Theretore one-thira ot tite =“.hjects sStarted
with three training passes, one—-thirdg startes with tive and
one—-third started with ten. Batchellor uscs tle 2 oot of 3
correct recoynition as her criterion tor “tratr i,

Subjects tor the study consisted «f ren female ottilcers, ten
female enlisted personnel, ten malc Htiicer s, dnd ten male
enlisted personnel, bknlisted subjects were stationea at the
Naval Postyraduate school.,

All but two ot the otftilcer subject:s woerse students at NPS.

The remaininy two consisted ot an ofticer stationed at Fort uvrd

and an otticer stationed at Joint Chiets ot statt,
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Vocabulary used by Batchellor consisted of 50 utterances.
Utterances varied in length from one to tive syllables. Criteria
tor selection was based on matching the number ot utterances in
each syllable cateyory (i.e., having an equal number of two
syllable utterances as three syllable, etc.)

Results of Batchellor's ettort indicated that sex was not a
major factor in pertormance. Machine recoynition pertormance was
slightly better tor men (error rate of 1.8%) than tor women
(error rate of 2.1%). This ditterence, however, was not
statistically significant. These results indicate that voice
characteristics as reflected in male-female differences, do not
represent a major problem in system pertormance.

In terms of the relationship between system performance and
rank, enlisted personnel had a slightly lower mean error
percentage (l1.85%) than ofticer subjects (2.U5%). This
difterence was not statistically significant and one can conclude
that rank in and of itself did not represent a major influence
on performance.

The relationship between training trials produced some very
interesting results. Batchellor observed no ditterence between
tive tralniny trials and ten training trials (l% error tor both
rank and sex).. However, even thouyh a sigyniticantly gyreater
number of errors were observed with three training trials, the
percentaye error rate was still only three percent,

Interestingly there did appear to be a relationship between

error rates and rank. Initial indications suyyested enlisted

performance was superior to ofticer with the reduced (3 training




passes) training trials. That is, there did appear to be a

significant rank by number of training passes interaction., The
reason for this interaction is unclear and it is possible the
results were spurious. These findings do suygyest the need to
pursue the guestion of rank, and all the parameters that rank
implies in relation to pertormance ot the system. It is possible
that certain characteristics of the rank structure may intluence
performance.

The interesting finding here, however, was the fact that
within the conditions of the present experiment, little
difference was observed betwegen tive and ten training trials.
These findings could be of major importance and certainly merit
further study. For example, does the relationship hold under an
expanded vocabulary? Or can performance be maintained with fewer
training trials providing the criteria for acceptance 1is made
more rigid?

Neil and Andreason (1981) examined the bilingual capability
of the T6UU speech recoynition system. That is, in many military
situations (e.g. NATU Command and Control Center) it is possible
that an operator may be reyguired to interact with a speech
recognition system in an "otticial” languaye that is ditterent
than his/her "natural" languaye. kven wilth the user that 1is
quite proticient and tluent with the "otticial" lanygyuaye, the
potential for reversion to "natural" lanygyuaye may be considerable
under certain circumstances.

The objective of Neil and Andreason's ettort was to examine

the ability of the T6UU to recoygnize utterances in eilther




language when training had occurred in both languages.
Essentially, the effort was designed to investigyate the ability
of the T60U to function in a bilingual mode.

Equipment used included a ToUU voice voice recoynition
system with additional memory modules which expanded its
capability to 256 .1 to 2 second discrete utterances. In the
actual experiment only lU5S discrete utterances were used.

subjects consisted of 16 volunteers; 12 males and tour
females. Male subjects were West German officer students at the
Naval Postgraduate School. Female subjects were wives of German
officer students at NPS. All subjects were bilingual
{German/English) with German being the natural language in all
cases. All subjects were volunteers and received no compensation
for participation.

A 105 utterance list was proposed for use in the research
eftort. Utterances were selected on the basis of their possible
application in a Command/Control type environment. No attempt was
made to control for syllable count in either language, nor was
any utterance accepted or rejected on the basis of its potential
tor accuracy in recogynition.

The procedure reguired that each subject "train" each
utterance three times. Subjects repeated each utterance lU times
in knylish tollowed by testing in knglish; trained each
utterance 10U times in German, followed by testing in German; and
repeated each utterance 5 times in bnglish and 5 times in German

followed by recoynition testinyg in kEnglish and German. Actual

order ot traitning and testiny was randomized to control
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tor potential interactions between training seguence and

recoygnition performance.

Translation of English to German was pertormed by one ot the
experimenters. This was done to reduce variability in the German
list. 1t was observed that without such control considerable
variability in translation ot Eknglish to German was possible.

Performance measures were considered 1in terms ot recoynition
accuracy under training/testing conditions described earlier.
Performance measures included misrecognition (i.e., 1ncorrect
recogniton) and non-recoygnition (i.,e., 1lnability of system to
match test utterances with any trained utterance). Misrecogni-
tion and nonrecognition were both considered as errors and were
given equal weight in analysis.

Design of the experiment was of a repeated measure type in
which each subject served as his own control and was theretore
tested under all conditions. The desiyn selected allowed tor
determination of training ettect variable and a reduction 1in
variability associated with 1individual difterences.

In addition, as a result Ot the nature of data obtained, the
authors analyzed raw data and arcsin transtormed data. Arcsin
transformation put data into a form that would more nearly
satisfy the assumption underlying analysis ot variance.

Analysis of both raw and arcsin transformed data supported a
highly significant training languaye ettect. When traininy/test-
ing occurred with a single lanyuage (1.e., kEnglish/knglish or

German/German) no difterence was observed, However, when

training involved both lanyuayes pertormance was signiticantly
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deyradea. Further analysis revealed that neither lanyguaye
contributed a disproportionate amount to pertormance deyradation.

In summary, the report indicated that the Teé6UU could
function equally well in either of the two languayes studied
(£nglish or German) alone. However, when required to pertorm in
a bilingual mode the variation in each utterance proauced such a
complex array that the T60U could not develop a satistactory
reference matrix and pertormance was severely deygraded.

Therefore the study by Neil and Andreason suyygests that any
situation wherein a bilingual situation could be anticipated
would almost certainly result in a reduction in recognition
pertormance.

In any operational contiguration an important consideration
in voice recognition pertormance is time and vocabulary size,
That is, if operators were required to "retrain" the system
trequently when repeated use was reguired the time required and
inconvenience created could seriously degrade the overall
eftectiveness and useability of the system. Obviously such a
situation would be compounded with increased vocabulary.

Poock (1981) identified this potential problem area and
indicated an experiment to investigate the potential tor
performance degradation as a tunction ot time and vocabulary
size. 5ubjecté initially consisted of six military and two
civilian. Two of the subjects were temale. One male subject was

torced to withdraw at the 38th week leaving a total ot 7 subjects.

Lenyth ot the ettort was <1 weeks.
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The system utilized was the Threshold Technoloyy, Inc. ;

Model TboUU voice recoynition system. Subjects observed the
recommended training seyuence (1.e., each subject repeated each

utterance 11U times). Vocabulary consisted ot 240 utterances.

Following completion ot training, each utterance was repeated
three times. Criterion for successtul training was correct i
recoygnition two out ot three passes. 1In the event the utterance
was not correctly recoynized two out of three times, the
utterance was retrained. ‘nce criterion was reached, training
patterns were not chanyged durinyg the remaining <U weeks ot the
eftort.
In addition, two subjects (one male and one temale) trained
the T6U0 in a "joint mode". In "joint mode" the two subjects '
each trained each utterance 5 times. Same criteria tor recoygni-
tion seguence was adhered to and remained unchanged tor the
tollowing 2U weeks ot the experlment.

It should be mentioned six ot the eijht subjects had minimal

¥
previous exposure to the T6UU voice recoynition system (roughly ‘
one month). The two subjects participating in the "joint mode" :
function were "experienced" in that each had at least one year ot '

experience with the system.

For the experiment, the 240 utterance list was divided into :
20 utterance seygments. Rach segment consisted ot two 1 syllable

utterances, six 2 syllable utternaces, tour 3 syllable utterances

and tour 5+ syllable utterances., The utterance list was selected

trom times and tregquency ot use experiments in a Command Center.




R Lo e dore reqgulred subjects to participate each week
tor & -+ . ouring weekly testing each subject repeated each
utterar. "«lve. The procedure involved expandiny the window by

20 utterance seygments. That 1s, each subject was tirst testea

only on utterances U - lY. Once utterance 1Y was repeated the

w1l w wan o eXpaniledr 1o nclude uterances U - 39, followea by U

- .ot . i w1t see 1t vocabulary size signiticantly
et et v oarce . e procedure allowed ror examination ot

Letlormal e e il withoa small vocabulary (22U utterances) and

eX,ancin, t, o utterahce 1nlrements up to and incluaing the full

Z4U utterance (15U

Ine two subjects selected tor the "joint mode” pertormed as
above as well as providing an additional 48U repetitions tor
examination ot joint reterence pattern pertormance,

At the completion of 20 weeks all subjects retrained each
utterance which had been misrecognized during the 20 week testiny
schedule. Followiny retraininyg subjects completed testinyg tor
the 21st week.

Analysis of the results of Poock's longitudinal ettort in-
dicated time and vocabulary size were not signiticant factors in
system performance. As expected there were between individual
differences. However, the results indicated no siygniticant with=~
in individual ditferences over the period of testing. In tact,
over the 21 week testinyg period there was less than a l.7% varia-
tion in recoynition pertormance. The suygestion here is that
reference voilce patterns, over the 21 week period at least, re-

mained very stable. ‘turther, it will be recalled that prior to




the 2lst week all utterances misrecoynized during the previous 20
weeks were retrained. 71he normal expectation would be a signifi-
cant improvement in recoynition during the 2lst week. However,
while some slight improvement was indicated, improvement was not
statically significant. Observed 1mprovement could have Jjust as
easily resulted trom "end spurt" as from retraininy.

Vocabulary size did not silgnificantly etrect recognition
performance either. Volce recoygnition remalned relatively
unitorm as vocabulary size increased wlth statistical analysis
indicating no increases in error rate. ‘lhere was an 1ndication
that error rate was related to the number ot syllables 1n an
utterance. Increasinyg the number of syllables 1n an utterance
resulted in decreased recoynition pertormance. The suggestion
here is that vocabulary size may not be a tactor in pertormance,
but that structure (syllable count) may.

Une very interesting aspect of Poock's eftort was the joint
reference pattern investiyation. Performance under joint
conditions was very impressive. In tact, pertorwance degradation
was .7% when compared to thelr own patterns. The male subject's
pertormance was superlior to any other subject using their own
individual reterence patterns,

The longitudinal study conducted by Poock demonstrated that
pertormance was not seriously deyradea over time. The observed
stability suyygests that re-training ot voice patterns may not be
necessary with prolongyed use. Further, the ettort certainly

suygests the possiblity ot joint reterence patterns at least tor

critical or "stop action" inputs.

fi
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Une potentially disruptive influence in voice recoygnition

is the concept of stress. Armstrong (1980) in a comprehenisve
examination of the effects of workload on voice recoynition
o~ studied the problem of task-induced stress on overall system

performance.

As 1in previously described efforts, Armstronyg employed a

T6UU voice recoynition system. Vocabulary consisted ot 5U
distinct utterances. Thirty of the utterances were selected trom
the Moditied Rhyme Test which is commonly used in the

determination of speech intelligibility of communication systems.

Sixteen of the 30 words actually were eight pairs of rhyming
words. In each such pair the ony difference between words was
the initial consonant. For example, the words "beat" and "peat" ‘
would constitute such a pair. The remaining 14 words consisted

of seven pairs of non~rhyming but similar words (e.y., "sap" and

"sat"). Twenty of the 50U utterances were selected by Armstrong

trom single words commonly used in Command and Control environ-

L4
ments. These utterances were distinct and more easily :
distinguishible from the 30 utterances selected trom the rhyming 3
test., ]

All words used were either one or two syllables. Selection
was actually based on an attempt to "contuse" the T60U. this \
intentional confusion was attempted to demonstrate a decrement
resulting trom the loading task. A similar objective could have
been satistied by a considerable expansion of the vocabulary.

Such an expansion would have required a considerable increase in

testing time and Armstrong felt the same objective could be




accomplished by means of increasiny the potential tor contusion.

Theretore, the vocabulary was purposely selected to increase the
likelihood of recoygnitiocn errors.

Subject loading was accomplished through the use of a
pursuit tracker. The task involved trackinyg a .75 1inch syuare
light target travelling in a clockwise direction at a constant 4U
rpm rate. The trackinyg task was made up of a circular tracking
task and a sguare-like task. Pertormance was based on time on
target.

Procedure consisted ot a brief orientation followed by
familiarization with egquipment. Subjects then "trained" the 50
word vocabulary. The two out ot three criterion was applied tor
successful training.

Experimental conditions consisted of three levels of motor
loading (trackinyg) and the voice recognition task. In one
condition, no tracking task (NTT) there was no trackingy
requirement. This condition assumed no motor loading. Subjects
were also required to perform the circular tracking task (CTT)
and the sqguare like tracking task (STT)}. During the combined
tracking and voice recognition pattern, it was emphasized that
voice was the primary task. Presentation of tasks was presented
in different orders for NTT, CTT and STT, thereby controlling for
any learning or orderiny eftect.

In what 1s assumed to be an attempt to examine the ettects
of time on task, Armstrong had subjects repeat two ditterent

consecutive random orderings of vocabulary words. The

first time through the vocabulary was considered the tirst halt




ot the trial and the second pass was referred to as the second
halt of the trial. Subjects were not informed as to when they
had completed halt ot a trial.

Armstronyg was also interested in the possibility that
subjective fatigyue may inftluence performance. As such, each
subject was administered the "Feeling Tone"” Checklist upon
completion of each condition (Pearson and Byars, 1Y56),

Analysis consisted of an examination of (a) recoynition
errors, (b) subject verbal errors, (c) intluence ot subjective
tatiyue and (d) tracking pertormance. Recoynition errors were
detined as a tailure ot the T60UU to correctly recognize a
vocabulary word. This included incorrect recoynition and
rejection of the word as non recoynition. Verbal errors were
detined as the failure ot a subject to correctly repeat a
presented word. As suyyested earlier, tracking performance was
evaluated in terms of time on taryget. That is, the amount of
time subjects were able to maintain contact with the rotating bug
with their wand. Subjective fatigue was evaluated by the method
suyyested by Pearson and Byars (1Y56),

Results of Armstrong's eftort suygygest that loadinyg the
operator did intluence recoynition pertormance. Specifically,
when all word types and both trial halves were considered the NTT
resulted in an error rate ot 1lU,51%; CIT resulted in an error
rate ot 1l4.43%, and STl resulted in an error rate ot 14.73%. By
trial halt, including all word types and loadinyg conaition the

first was slightly better 12.71l% to 13.73% tor the second halt.

Vocabulary word, overall loading conditions and both trial
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halves, revealed that rhyming words had an error rate ot 25.67%,
non rhyming at 12.91% error rate and operational words a 3.48%
error rate. Overall error rate was 13.22%.

Analysis revealed that motor loading dida attect recoynition
pertormance. The ditterence between N1T1 and the loadiny
condition of CTT and ST1 was signiticant at P<.lU. bkrror rate
also differed by vocabulary word type (rhyming, non-rhymingy but
similar and operational.) A non-parametric analysis techniyue
indicated that pairwise comparisons ot recognition ervor rate
were significant at P<.,Ul, The conclusion here being that
recognition error rates tor each ot the vocabulary word types
were different from each other word type.

Loading also influenced operator verbal pertormance. Not
surprisingly, with increased task loading a subject's ability to
repeat the stimulus word correctly was deyraded. Subjective
fatigue ws not found to be a signiticant tactor in overall
performance.

In summary, motor loading did neyatively attect recoynition
and verbal pertormance in Armstrony's eftort. The nature of the
secondary tracking task was such that successtul pertormance was
extremely demanding. It was actually surprising that recoynition
pertormance and verbal errors did not sutter ygreater deygradation.
Pursult trackinyg reqguires continuous ettort on the part ot a
subject and is an excellent source of task~-induced stress.
However, it is difficult to imayine a real world idation that

would require the same level of sustained attention and pertor-

mance. The question of realistic motor loadinyg and its attect on




] performance is of considerable merit and should be pursued.

Armstrony has shown that even though recoynition pertormance

suttered as a result ot motor loading (i.e., error rates were
roughly 1lU times normal) the ToUU performed extremely well given
the nature of the task. In tact, when one considers the nature
of the tracking task it shoulda be obvious that simultaneous
manual pertformance would be ditticult if possible at all.
Theretore, all thinys considered, the ability ot subjects and
egulipment to function at the rather high levels observed suyyests
the signiticance of Armstrong's eftort.

In a followup effort, Armstrong and Poock (1981) examined
the attects ot mental loading on recognition pertormance. The
interest was directed at examining the potential relationships
between increased mental load (i.e., over that experienced by
subjects during training of the Te6UU) and pertormance ot the
voice recognition system. As in Armstronyg's (19Y8U) eftort, the
assumption was that load may result in altered voice character-
istics which would deyrade overall system ability. The Poock and
Armstrony (1981) ettort was obviously desiygned to auyment the
work ot Armstrony (1980).

The voice recognition portion of Poock and Armstrong's study
was essentially'the same as earlier ettort of Armstrony.
Vocabulary, training, equipment, etc. were basically the same tor
the two studies.

The loading portion of the etfort was accomplished throuyh
the use of a General Dynamics Response Analysis Tester (RATER).

The device is an effective instrument tor investiygating response
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speed/accuracy as well as short term memory. In the Poock and
Armstrong study the RATER was used to ygenerate anda display random
sequences of tour individual sympols (i.e., circle, cross,
diamond and triangle). sSymbols were presented at a constant rate
of one symbol every .5 seconds. Kesponse buttons appropriately
labeled with the tour symbols were provided to subjects.

An interesting teature ot the RATER anu one potentilally
valuable for the Poock and Armstrony study 1s the ability to
program "delay" modes into the system. ULelay modes enable the
investigator to "delay" the proper response to the current
stimulus. In other words, in delay mode zero the proper response
is the currently presented stimulus. 1In delay mode one the
proper response is the response button labeled with the
previously displayed stimulus and delay mode two would be the
symbol which had appeared two trials back, etc.

As such, in delay modes a subject is ftorced to recall
stimuli presented one, two, three, etc. trials previously rather
than the currently displayed information. bSuch a system 1s
capable ot placing a considerable mental loaa on subjects.

In the Poock and Armstrong eftort delay condition ot zero,
one and two trials back as well as no mental loadiny were
emp loyed.

Subjects consisted ot 24 volunteers. Twenty-two were male
U.S. military otticer-students at the Naval Postgyraduate school.
A female civilian and one Canadian military otticer completed
the subject population. Sixteen of the subjects were designated

as being experienced with voice recoynition equipment (2-1U




hours) and eiyht subjects had no experience with voice
recoynition. Two of the 14 had had a briet (l/2 hour) experience

with the RATER.

To reiterate, the hypothesis was that increased mental
loadiny would result 1in chanyges 1n voice characteristics
suftficient to deyrade the recoynition abllity ot the T6UU,

System pertormance was considered in terms of loadiny, trial
nhalt, 1600 experience and vocabulary word type. Under loading
Poock and Armstrony observed that with no RATER loading error |
rate was 10.77%; with zero delay 13.18%; with delay one 13.14%
and delay two 13.60%, The suyyestion here is that the only |
difterence was between no external loading and the three loading
conditions. This observation was contirmed by statistica’ ;
analysis which suggested that the only signiticant ditterence
existed between no loading (NRT) and the remaininy three loading
conditions zero delay (NDU) delay one (RD1l) and delay 2 (RLZ).

Recoynition error rate was also observed to be higher duriny
the tirst halt ot testiny as opposed to the second halt. rurther,
experience levels did not appear to influence T6UU pertormance
and there were no siynificant interactions.

In terms ot subject pertormance as contrasted with TéeUU
performance the indication was that operator loading had a
signiticant eftfect on subject verbal error rate and experience
level was also a siyniticant tactor. A surprising aspect ot
experience was the observation that "little experience" level
subjects had a higher error rate than "no experience" subjects,

No explanation was ottered tor this observation and 1n tact these
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tindings may be spurious. This observation needs turther stuay
to examine the potential reasons for this tinding.

In general Poock and Armstrony contirmed the tollowing:

(1) ovperator mental loading attected pertormance
(recoynition error rates were 23% greater with loadiny
than under no mental loading condition).

(2) Pertormance appeared to be sensitive to trial halt
(i.e., recoynition pertormance during the tirst 2.5
minutes diftered trom the second 2.5 minutes).

({3) Te0OU recoynition errors were not intluenced by
experience level, This tinding ditfers from the

previous observations of subject performance where

initial tindings suggested an experience tactor.

In summary, Poock and Armstrong's results were siyniticant
in that overall pertormance seems to be attectea by mental loaa-
ing. This tinding could be extremely important in that the rela-
tionship between mental loadinyg and pertormance could be 1ndica-
tive of what might be expected in operational military situa-
tions. Theretore, the area merits additional research to deter-

mine the extent of mental loading influence, possible relation-

ships between nature of mental loadinyg and pertormance, ctc.

EguiEment

Very .ew experimental ettorts tor voice recoynition at NP5
have dealt with equipment moditication. Most studies have taken

the existing system and investigated it's capabllity under

various taskinyg or environmental conditions,
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I Schwalm (1982) recoynized that under certain operational
military environments certain equipment moditications may be
reyuired for satistactory functioning. He postulated that under

conditions where several operators were pertorminyg a task, each ;

using a separate recoygnizer, the potential tor contusion could be

quite high and recoynition error potential 1increased. 1
schwalm suygyested that one method tor possibly decreasing

errors in such a multioperator environment would be the addition

of a mechanism whereby speaker commands could be directed to the

microphone and further, provide a method tor reducing the

possibility of recoygynizible sounds or utterances to be released

to the surroundiny environment. He suggested the addition ot a |
"mask" to currently available systems as one potential method tor
improving overall system pertormance in the multioperator
environment.

The expressed objective ot schwalm's experciment was to ex-
amine the accuracy of an available voice recoynition system with »i
the addition ot a "stenoyrapher's" mask as compared to the |

conventional input device.

Initially 36 subjects (32 males and 4 females)

participated in the study. However, as a result of the duration

of the experiment and resultant scheduling problems, data was

analyzed trom 18 subjects (14 males and 4 temales).

Equipment consisted of two TeUU voice recoynition systems.
Both systems were capable ot handling 256 discrete utterances,

Three input methods were involved in sSchwalin's study. First, a
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conventional input device (5M1lU0 boom microphone mounted on a
headset). This is the normal input device tor the Té6UU, second,
a stenographer's mask with a microphone supplied by the
manufacturer. The third input system consisted of a stenomask
fitted with SM1U microphone.

Training of the speech recoynizer was the standard process

of lU training trials per utterance. Testiny consisted of two

' passes of the entire vocabulary on each of three successive days.

4 e e

Therefore six testing trials were run for each subject under each

of the mask conditions.

In terms ot total errors (misrecoynition and nonrecoynition)
there was a signiticant mask effect. Results 1ndicated a
siyniticant difterence between no masks and both mask condgitions.
No ditterence existed between the mask conditions.

In terms of nonrecoynition, no siygniticant ditterences

were observed. However, for misrecoynition a siynificant

difference was observed between no mask and both the oriyginal and

the Shure mask.

One interesting observation was the tact that pertormance

deteriorated over trials. This was true ot total errors and
misrecognitions. The author was unable to attribute these
observations to any specific event and theretore considered thesc
observations to be spurious. This assumption wmay or may not be
valid and certainly warrants turther consideration.

schwalm also considered the potential intluence ot

experience with masks and experience with microphones on H




pertormance. Subjects were daivided 1nto two ygyroups (higyh
experience and low experience) tor both mask and microphone usc
experience., Results suyyested that mask experience was a
signiticant variable 1n pertormance. Ditterences were observeq
between the no mask condition and both mask conditions in the
group with low previous experience., In the hiygh experience
group, significant ditterences were observed between the no mask
condition anda the original mask condition.

1n terms of microphone experience difterences were observed
between the no mask and the Shure mask condition tor the low
experience yroup and between no mask and the original mask tor
the hiygh experlience 4roup.

Schwalm's ettort is siyniticant i1n that many military
environments may involve the use ot masks in the operational
setting. That ftact that a slight (3.5 percent) increase in errors
between no mask and the average ot the two masked conditions
suyygests a potential for pertormance deyradation in pertormance.
Admittedly the deyradation observed was slight (performance with
the mask was 94.7 percent correct recoynition). The observation
suygests the possibility ot certain operational environments
introducing perturbations that when considered in
combination with other tactors may degrade pertormance
sutticiently to warrant new mask desiyn contigyuration. ‘urther,
the observation that experience may be a tactor in pertormance
Ssuyyests the possibility ot overcomlnyg any degradation through

training. Future ettorts might consider the 1nteraction between

mask and experience/tralning 1n a simulated operational setting.




5ummary

The research eftorts on voice recognition are impressive 1In
suggesting the feasibility and potential utility ot voice as an

input mechanism for man-machine systems. Obviously as tor any

technoloyical advance additional research is suyyested by the

completed work. ©n the basis ot current findings it would seem '
that one area in need of pursuit is the possible inftluence ot .
task speciticity. Similar task types occasionally produced some-
what contradictory results. Questions arise as a result ot these
observations as to whether the observed difterences were the
result of task specific conditions or were they the result ot i
subtle experimental desiygn guestions?

It is also obvious that additional work on the potential
influence of varied environmental factors be pursued. The
environments explored (e.y. nolse) need to be expanded upon and
other potential physical environmental factors (e.g. vibration)
need to be explored. In addition, it may be that various
psychological environments may contribute to pertormance and
these are areas of merit. ]

Une area not consildered and ot potential 1mportance 1s the

general area of acceptance ot the system by users and manayers.

Mercherikott ana Mackie (1970} suyyested that operational
military personnel trequently tail to totally accept and i

occasionally totally reject innovation in operational eguipment

and procedure. This resistance to chanyge is not unique to the
military and in fact appears to be a universal human

characteristic. 1In the military, nonacceptance ot new




equipment /technology can result in system failure or system
re jection.,

Based on subjective guestioning of "users" in the artificial
laboratory environment, rejection would not appear to be a
signiticant problem. It must be realized that the subjects
involved in experimentation are not really users in the
operational sense and therefore the data collected may well be
inapplicable. This area ot technoloyy acceptance should be
considered in further research efforts.

In summary, the potential of using speech recoynition in the
military environment 1s impressive, kttorts conducted at the
Naval Postgraduate School have been successftul in suygyestinyg the
variety of tasks and environments in which speech recoynition is
an effective input device. Research in the operational
environment would appear to be a most appropriate next phase ot a
total research proygram, Such efforts should consititute
"research" as opposed to "demonstrations", however. Attempts
should be made to examine the utility and eftectiveness of voice
in valid operational settings.

Further, the entire area ot acceptance, fortunately with a
system as novel as volce recognition, would appear to be ot
considerable merit., For even if the system is eftective and
ofters detinite advantayes over more traditional systems, such
advantagyes are lost if manayement and/or the individual user is

unwilling to maximize the benetfits and take advantage ot the

power of the system.




Ubviously, considerable rescarch needs to be accomplisheaq
before the potential and/or the limitations of volice recoynition
as a vehicle for human input to machine is realized. In tact, it
one considers only those elements (i.e,, equipment, environment,
task and personnel) which have been suyygested as determining the
efficiency with which men interact with machine, it is obvious
that some ot the elements have received very little attention
(e.y., environment).,. Individual "elements" need additional
pursuit, as well as possible interaction between elements,
Questions such as task speciticity, ditterent physical environ-
ments, training, etc. need to be addressed in future research.
However, work already accomplished 1is certainly suyygestive of the
potential and can be considered as indicating that voice input is
a reasonable and attractive alternative in many situations cur-

rently employing manual entry. Reliability ot the system has

been proven, now the guestion 1s one ot specitic application.
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