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AESTRACT

ANY A
Liverature pertainirg tc Voice Recognition aoounds with

! informaticn relevant to the assessment of tramsitory sreech
recognition qevices. In the prast, engineering requirements
have alctatea the patn this techpology followed. Eut, other
tactors ao exist tpat intluence recogsoition accuracy. This
thesis €XLlcres the impact c¢f Hvman Factors on the
' stccesstul reccgnition ot sreech, rrincirally adaressing the
aitrerences cr varliatility ameng vusers., 4 Threshold
Technology T-€¢@ wes usea tor a 1£2 utiterance vocabulary to
1 test ¢4 sutjecis. A statistical analysis was conducted cn &
generic categories ot Huran Factors: Qccupational,
’ Uperational, Peychclicgical, Faysiolcgical and Perscnal. Hew
the equippent iIs trailned ana the exierience level ot tlhe
speaxer were fcund 1tc te key characteristics influencing

reccegnition accuracy. To a lesser extent computer

exyreriercce, tire ot week, accent, vital capacity aand rate of

alr tlcw, speaker cocperativeness and anxiety were found to

a2ffect overall error rates.
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I. INTROLUCTICN

The insistence and dependence vupcr state c¢2 the art
equipment has been a predominant characteristic thrcughout
the eftorts within +the Corrand aod Ccatrel commuinity.
Tespite the renckant for nEver, better, 2na m™mOTEe
sorhisticatea equiprent, there mrust exist sore measyre of
emMphasls <¢r the perscnpel reeded tc train with, cperate ¢n,
and maintaip the readiness of, such equiprernt. Personnel
ccnsideratices cannot te divcrced frerm test rregrars
désigned to idertify optimal systems or eauiprent. When
ttece consideraticns are carefully exarined, thean the data
ottained from such pregrams can bYe effectively used 1o
eokance rersonpel subsystier cecsiegzn and irrlerentaticrn.

A perscnnel subsystemr Test pregvem i< cne which places
tre reqrisite errhasis on personuél rather than ezuirrent,
Kryter [Ref. 1] enurerates six ctjectives necessary for a

successtul test jrograr,

1. To evaluate whether the <syster c¢en be cperated,
raintained and coutrolled bty the rercscnpel assigned to

it.

2. To aetermine the effect of humer ferformance on system
rerformaace and vice versa. This cbjective {c aived

at discovering critical 1inadequacies irn man-rachine

14
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interaction and subsequently identify changes that

would irrrcve their compatibility.

2. To develop valid qualitative and quantitative
perscnnel requirements, selection prccedvres, and
tatles of organizational mannirg. Fow many and whart
type of recple will provide ortimal e¥Zectiveness c¢

the man-nechine interface?

4, To evaluate individual and/cr lecng term cperaticnal

readiness ana applicadle training programs.

e. To evaluate tralring equiprent and svpocrting

materiale.

€. To evaluate job aids, techmical publications and cther
toels fer training and for assistirg c¢n  the jeob

rertormance,

Increaced prcductivity thrcugh autcmaticn involves twe
ma jor issues; techrological and tuman. Speech s a unigquely
kuman capability. Speech recceniticn ty a cemputer invelves
getting a machine to accept, recognize, and correctly
respond 10 sroker ressages. This machine rmust take the
inpvt speeck, cowpere it against the expected pronunciation
tor allowable utterances, identity the intended nmessage oOr
utterance, and produce the correct and apprcpriate resporse,
To adeqmately implerent the carabtilities ot such a

technology. the otjectives above beccme all the more




relevant. Cf pararount importarce is the humran, for it

vakes peorle to rake all this autoration work.

Speech reccgnlizers ccmrmercially avallable 1trday are
etfective only within narrow lirits. They have reitatively
small vocatularies and “trequently’ contuse wcrds. Within
this context, 1t bdecormes incumbent uron the vser 10 (evelor
the skill tc talk to the reccgnizer [Ref. I p. <€J}. As
such, a reccgoizer’s pertrormscce will vary widely trerm
speaker to speaker.

Much of the work in speech recognitior has centered cCr
the develorrent and imrrovement ¢t speech recocegnition

) devices. For examrle:

-- Lipear FPredictive Coding (IPC) in early “77:
-=- Lynaric pregramming

-~ Develorrent ot 1 millior tit/sec rrocessors

A vser’s experience nciwitkstanaing, the huran variacle 1in
recognition perforracce remains strcsg. This has cfien teen
observed in the prast and ever led tc a descriptice c¢¥ vuser
categories [Ref. 2: p. 28] of “sheers” and “goeats’. These
speech recogniticn systers work well fcr the ‘eheer” tut the
majority of the problers are created by 2 small seazment of

4

the population - the “goats”’.
Recognizing the significant impact that enginsers Lave
had on perretuatirg the contirved advent and technological

advancement of speech reccgniticn, 1t 1is revertheless,

1€
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critical to rerina ourselves of the interdaisciplinary natvre

of speech recognition. Besides engineering, the tctal
discipline cof speech sciences and technolégy irclvies such
tradictional discirlines as psychclogy, lingulistics, anatomy
and physlelcgy, computer <ciernces end huren factcrs. This
thesls endeavors to examine the imract of huwran tacters o2n
the successful reccgnition o? speech, priccipally addressirg
the differences or variability aroneg users.

First, the rodality ot veice inrut will te examinred
citing <core of the more readily errerent zdventages and
disadvantages, and an overview rrevided as to its poteatial
apolicability in a Command and Ccntirel eavlromnment. With a
geoeral arpreciaticn ¢t speech reccgrition (the terr “volice
reccgnition” 1is synoncmous and used interckangeably within
this docurent) in hand, the variety of huran factors that
can atrtfect the successtul recogaiticn of speach ty a rachine
will ther be summarized. Subsequentiy, the experimertal
rethoaology usea to examine ana 4qlffereptiate speeck
recognition eyuirrent veers will be j;resented. Tastly, the
exreérirmental results will be presented and a7 3nalysis
provided ot the ccrrelatica ot each variable exarined to its

asscciated errcr rates as well as ar analysis c? wvarlance,

17
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TI. CCMPUTER RECCGNITICN CF SPEECH

A. OVERVIEW CF VOICE INFUT TECHNCLCGY

Speech recogniticn cen be consiadered as ¢ subset of a
broaager tield known as Sreech Urnderstanding. Sreech
Understending Systers (sus) have the cblective of
interpreting the intent of the sreaker whether cr not the
user’s speech 1is grammatically ccrrect or well forred.
While Speech  Recognition Systers (SRS) are primarily
interested in the correct reccgniticen ctf every word, SUS are
concerrea with the rearing of =entire conversational
segments.

Until now the cniy significant uvndertaking has been the
ARPA SUR roject [Ret. 2], a tive year ettort with the
cbjective ct cbtalining a treakthrcuvegh in speech
wnderstanding capability thst wovulg then allow tke
develcrment 0f rractical ran-rachinpne cormunication systems.
Specifically, the cbjiectives were 1t1c¢ develcp a SUS that
would accert conttzluous speech ftror rany coorerative
speakers oY a gereral Americar publlcy a system which vsed
syntactic apnalysis, semantics, pragratic {information and
prceodics to acaquire an appropriate ccTputer respapnse,

The goals of speech recognition, in contrast, are lecs
ambitious. Instead ot abstract concepts such as meanlingz cr

understernaing, SRS try to solve the mere practicél —croblers

16
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of apalyzing the acousiic waveforr and arplylog ratter:o
reccgniticn technicues in order tﬁ differentiate between
vtterances fRef. 4]. Pigure 1 {llustrates a typicel sveech
recognition model.

The acoustic speech signal is first analyzed io extrect
such acovstic trarareters as frequency spectrum and the
enerzy in different time <cegments. Next, information
carrying features are extracted that defire various rhonetiz
events svch as how neisy (#ricative-like) the <ignal 1is,
positions of different vowel-like sounds and vibratior of
the speaker’s vocal cords. This infcrratior is then used te
dividae the <sreech into tire slices or segments and are
latelled with rhonetic categories, The rhecuetic <sequecce
for the input speech 1is matched to stered seytences cf
expected rronunciations for the woras in the 1lexicon c¢r
dictionary, and the best ratchina sequences are determiaed
to te the most likely werd(s) that had cccurred in speech.

Speech recognition systems can be concidered as
belongirg tc cne cof twe categories; ccntinucvs (connected)
or isolated (daiscrete) sieech systenms. Continuous systers
are these which can extract {nfcrmaticn from strinss of
words even though the words run tcgether as  in naturel
speech. Isolated systems reguire a short rause tefcre and
after utterances that are tc be recogtized as entities. The
rinirur duration of a pauvse is tyrically bdeiween 1@¢-22¢

rsec. An isclated werd recognizer is also 1limited 1in the

19
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‘ duration of the spoken utterance, usually 2-4 seconds.

Continuous sreech recognizers are Just npow beginring to
appear c¢cn the market but are expensive and thelr
carabilities qnd relisbility have yet to be realistically or
' Fractically evaluated. For the rerainder of this thesis our
! discussior will dbe confined to discrete reccgnition systerms.
Two other concepts of speech reccgnition to be discussed

are that o¢f speaker 1irndependence and vccabulary size.

Speaker dependent systems are those which require speaker
adaptatica {cr “trairing’) in crder tc achkieve reccgaiticen.
This is i2 contrast to speaker incerendert <systers which
} .( will reccenize speech regardless of the speaxer. In terms
f \ ; of speech recognrition equiprert ezd  treir essociated
| vocabularies, mcet recognlizers werk well with smrall
! vocaovlaries of 12-5@ words [Ref. £: I- €0]. The
‘ possibility ot confusion tetween vwords 1increases ac the

; vocabulary size increases, and to sore extent the charce of

sirilar sounding woras locreases with such lareer

4 vocabularies.

1 At this jupcture it 1is oaprrorriate 1to expand Our

' ‘ derinition ot ‘woras’ to eacompass rmore than Just irdividual
words. As used herein, ‘word® i< used interchangeatly with
o the terr ‘utterance’ and ray be either a singular mono- or
Folysyllabic word or a comdization of mono- or polysylliatvle

‘ _ wordas joinea into a phrase. (ie. Flace-a~Circle-on-Moscow)
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The fcur processirg functiors [Ret. 6] contained iz a
lirited voceduvlary volce recognitien system, ac shown in
Figure 2, consist of a transducer, f[reprocesscr, feature

extractor, and a final aecision-level classifier.

1. Transducer: The micrcphone i{s the {rtertece tetween
! the user and the syster and ccnverts the spoken phrase
into electirical signals that are analyzed ty the other

compcnents of the system.

2. Preprocessor: No ratter how it 1is represented, ?
spectral informaticn must be explicitly or irplicitly

contalned 1in all speech €ncecairgs. The initicel

- .

analyses rprocduce parametric representaticrs [Fef. 7]

and take place in the preprocescsor. This segment of
the syster transtarrs the speech signal 1o order 10
’ enhance certain properties and make ther rore eastly

detectatlie in a speech recognition syscer. The signal

S TR W T TR AT RS = T er—n — s - e
. e

is normalizea in time by ayraric prograrming for
sutsequent comparisons with various reference
patterns. L[ata Compressiop remcves any extranecus CT

irrelevant informetion. Foth tire and frequency

E : domain aralytical techrigues are operformed on the
- input signal. Speech analysis is achievea by either
direct analog spectrum analysis wvia fast fourier

transtforr (kFT) 1in the (frequency domair, or linear

predictive coding (LPC) in the time domain.
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Figure 2. Processing Functions of a Speech
Reccgnitior System (Fror Reterence €)




Feature Extraction: The key processing functior in @
rattern recognitlion system is the feature extractor,
The more optimal the sev of acoustical features
extracted and sent to the classitier, the less complex
the classifier need be to achieve a given accureacy
level. This segrent ot the system rroduvces a <€t
numter of signiticant acoustical features (depending
on the 1individual recognizer) a few of which irclude
spectral slopes, phenetic classificaticn, and 1initial

estimate of wora bounaary.

Classifier: The ciassificaticn process 1is performed
in software using & mrinicorruter. Wken & speaker
issues a3 uilerance, the encoced ¢teatures and thelr
tire of occurrence are store€d in short term remory.
The duratior of the wutterance s broken intoc time
segwents and the features reconstructed inte the
norralized timre base., Reterepnce ratterms, rreviously
input by t1he speaker tcr the syster’s vecahulary of
wOorc¢s are cormrareq 10 the teature occurrence patterns
ard a “vest-fit” or ‘clocest-ratch’ determined *cr a
vora decision. The number of tits of Iinforrmation for
the feature map ¢?f each reference pattern 1is
deterriped by raprping the nurbder of acoustic features

onto the cumber of t1ime cegments.
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The first two processing functions are accorplished by a
hard wired Freproc#ssor apd feature exiractlor, This
achleves real-time prccessing since cply the classification
tunction 1s rferforrmed in a general-purrose minicomrputer
{Ret. 6: . 177].

A discrete wcrd recognizer must be ‘trainead’ for
indivlidval talkers and/or words. This can be dcne by a user
sirply speaking a set number of training samwples into the
device 10 [Ircvide a retrerence cet ¢f features. The system
stores in memory the retference set ¢! word features fcr eech
worda f{utterance) <the user has sroken, Cnce the syster is
trained, ithe user may speak wcrdse 1intc the device durinz
norral ogperation and these eare ccmparca with the ctored
patterns. The “closest tit’ 1s selectea as the reccgaized
word. This sequence of evenis 1s ccrmenly partiticned inte
the training and recognitiona moades ct oreration.

There are two types ot errors that can cccur in <peech
recognition. The first is & rejection, or the inability cf
the recognizer to correctly classity er utteraance. The
second, and in & rpractical sense rore troublescre, 1s ¢
risrecogaition. Tbis occurs when tThe recogrizer classiflies
an utterance as something other than what Wwas SpOKken.
Better recognizers wusually have recognition algorithms
designed to reject rather than guess at questiorable words.
Higher quality systers such as Threshold (Models E€E2Z¢ azd

€80 ) have error rates that are quite acceptable [Ref. 8, 9,
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12). Extensive exrerimentation has shown arrroximate erreor

rates to te between .2 and 11.4 percent [Ref. €: pp. 179-
18@]. Of course, what constitutles &ao acceptable erroer rate
s critically dependent upcn the perticular appliicatior and

data entry rate.

B. THE VALUE CF SPEECH RZCOGNITICN

The Lepartiment of Jefense nés teen very active in tre
past tew years in thelr etfforts te assess the merits c¢f
voice reccgniticn with machines. Such lccaticns as the
Naval Postgraduate School, Wright Fattersor Air Force Bace,
Rome Air Levelcpment Center, Naval 3iir Develcprent Center
and asc<ortea Cther agencies ana cortrectors, have concuctled
extensive tests in order to examire bhuran interacticn with
machines through the use of voice input and otrer
rodalities. In order to comrrehend the need tor *irther
research pertaining to voice 1irnput technclosy, 1t is
essential to review the advantages and liritations that this
type of technolcgy offers. Mcre {rportanrtly, it 1is¢
essential 10 understand 1its <trotential <capabdilities and
applicaticns ip a military envircnment, Is speech
recognition ©beneficial (consiaering costs ot $22¢ -
$80,900+), practical, and wusatle tc Justi’y the continued
expenditures of resesrch and develorment funds (€.1 and €.4)

and operational rmonies.

<€




1. Advantgggs of Speech Recognition

Proroneants of comruter reccgnitior of speech will
continvally extol the virtues and unlirited pcscibilities
the technology offers. 1In an abbreviated fashicn, the five
geueral advantages of veice input to rachines may e

surmarized as follows:

-- Natural comrunication

-- Training

-- Multirodal comrmunication
-- Fast cormrunicaticn

~- Xrror reduvction in data inrut

Sreech 1s cur most natural wmcde ¢ ccmmyenicatior.
It is a tamiliar, spontaneous and convenient rethod of
expressing one’s thoughts, ideas, cr intentione. Untrainrned
users of volce reccgnition systems, regardliess of whether
they can read, write, type cr keypunch, car &ll <speagz cr
rake sounds. These characteristics of the <pegech input
modality make it applicaole for users at all general skill
levels, fror systems engineers to computer operators to blve
collar workers on an assertly line.

A user «¢? speech recogrition equipment requires
little or no training. They have only to restrict their
spoken utterances to those which the rachine can reccgnize.
In the case of dlscrete systems, 1isolated words sre

seprarated bty @ short pause so as 10 ease the location of




word boundaries ana word chcices to which the machine has

been trained 10 recognize. Alitbough <thls appears to te

L disaavantageous, it is mcere rezlistically a compromise te {
natural syreech in that no adverse attects are caused the i
user in terms c¢f operating the sreech reccgnition equipmernt.
; ’ Experinentation |[Ref. 11: ;. €@8] has <chown that

speech, 1instead of interrupting ccornunicaticps zecessary tc

perform other tasks, can €nable vuvsers to do these tasks
H sirultaneously witbh volce and therety reduce or at e
minimum, not add tc the time recuired to perferm a complex

task. The aavantage of having one’s hants and eyes free to

do other tasks 1s perhars the tivotal polzt ir the

N daetermination of applicabilirty ¢f speeck recognition

_ davices, This rultimroaai asrect allews us 10 G[lace the
’ microphone anyvhere (headset mouvnted, Lard-held, on a stard,
and still comrmunicste commands anva irforratior. Threshold
Technology even has a wireiess micrcpheore (Ref. 1Z] that

permits extensive nmobility while talking to computers.
The rastest modality for comruricatlcns by a hurar
is speech. An  individval cap speak twice as fast as the

average typist can type [Ret. 5: 7. aS5]. This has been

clearly deronstrated bdy Ochman and Chapanis [Ref. 11] whcse

- exrerimental resulits showed that corwunication via
typevriter or handwriting could not arrroach speech in terrs
of speed or tack etrticieacy. Further substantiation from

the Naval Postgraduate School [Ref. 8: p. 2] showed that

28
P e T
- e —— - ———— . T e | vttt etra——p— s e - - -~




voice entry was 17% faster thanm tyrimg, atfier only three
hours of training. Additvionaiiy, while speech recceniticr
accuracy is slightly degraded ty mental or notor loading of
the user [Ret. 13: p. 32], vcice is nevertheless faster and
rore accuvrate then other inmpvt modes whern the user rmust
pertorm another tvask while sirultaneously interactiing with
the sprech reccgrition equipmeat [RPef. £: p. 2]

By now it is clear that speech reccgpiilon tfermits
data entry directly into the ccmputer withcut intermedliate
steps suck as manual transcripticn or keypunching which are
subject to errcr. Again, research 3t the MNaval Postigraduate
School has shown that 1838% rore errors occurred in manval
gata manirpulation {typing) thar ty voice [Ret. € p. Z2].
Such commron entry errors as the trapsposition of digits,
which are usually caused ty eye rmovepent or other
distractions, are almcst eliminated with the use 154
automatic cyeech recognition [Ref. 141].

2. Limitations ot Speech Reccgnition

If a rarticular technology was aevoid of errors cr
rractical liritations, we could assure universal arplicatien
and implementation. Altheugh the advartages o¢f speech

recognition are seemingly well estatlished, there do exist

saveral prcblemrs assoclated with the abllity to <speak ¢

machines. These liritations include:

~- User varilabilicvy

i ~~ Constrained sp -:ch

29




-~ Isolated speech

Breath noise
-~ User confusion

-~ Environmental tactiors

Speakers €xhibdi: & vide range of personal
characteristics that add a signiticaot reasure ot difficultly
in the atliity of a machine +tc reccgnize speech. A
speaker’s sex, geographic origin, and articulation
experience are just & few of the elererts that result 1in a
user’s variabpility. Consistency 1s also & key e€lerent in
successful reccgunition accuracy. A sreaker may talk guite
aifferently in training the machine as corpered to when he
or she may use 1t in a practical arrilcatior. Additiomally,
physical <changes in the speaker such as age, physical
condition, stress (physical or erotional), or fatigue, 10
nare a few, csn lnauce variability that will ultimately
atfect successtul recognition accuracy.

An isclated wcerd reccegnitior system imposes a
restricted {(constraired) vocabulary ©both in terrs of size
and content, urcn the user., This tecomes & limltation when
we consider that mqst people are accustomed 1o speaking in
natural, ftluent rrose. Because of the 1lirited vocatulary,
users must be careful of the types c¢f werds inclvded for
recognition., The similarity ot sound structures bYetween
words (le. Nine vs. Time) adds 4 weasure of ccnfusicn tkat

can subsequently affect overall rertorrance. Tesign ot
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a vocabulary tcr a particular application {s an impecrtant
and controllatle factor in determinipg the acceptabdilizy of
voice inrut for a @given task.

Becavuse isclated vecrd recognizers depend
significantly wvurpor the aetection of a rinirum peouse between
vords, wcrd bounaary detection beccres rerbars the single
most critical timltatior. The usval methcd is to measure
changes in energy levels [Ref. E£]. An isolated wora 1is
detected at a pcint where the enersy in the accustic signal
rises above @ certein threshola. At the ead of tke word,
the energy drors, and the resultant silence indicates that
the utterance is over. But, energy fluctuations are not
enough to detect all word ctoundaries, and thus advasced
aetection techniques will have to 1involve detection =znd
inciusion ct <tor consonanis within words, while eliminating
pauses dve tc “lip-smacks’ cr rreath noise.

In a limited vocadulary, 1solated word recognition
system, breath ncise can be a sericus problem [Ref. €: p.
174). An inaiviaual wno 1is invclved ir little or no
physical moverent while engaged with a voice reccgnitien
system cen achieve very high reccerition acciracy. This

accuracy can scon deteriorate ornce the user begins 10 move

around. Inhaling will not cause ary s&dverse affects when

using a clcse-tvtalking, noise-cancelling wmicropbhene, Ddut
exhaling will prroduce signal ievels comparable 1tc sp€ech

levels. As rhysical activity 1increases so does one’s




treathing rattern and as a result increased exhalatien will
leaa to the above mentioned deterioration in recognition
accuracy.

¥hile vcice irput prevides mul timeodal
cormunications, tris particular advaptace has an inherent
liritation in that the user can vecore contused as to what
mode t¢ use. As a result, 1input modalities can bec-me
confused, anda interfere with eacb other so tkat t'e tutal
rate of information transfer may nct be as high as tre sum
of the rates pcssivle with each sererate modality.

Fipally, the environrent i3 which tae <t eech
recrgnition 4device is placed may heve en lradvertent affect
on recognition accuracy. F¥or exarrle, sreech reccgnitios 1n

an aircraft cockplit may be deszsraded dne to enginf nelce or

contlicting voice eranatinog vie aircrate radio
communications. Cr, consider the ©vlacement of <uch
technology in a crowded Military Corrand Center where 11ts
reliabtility can ©be affected by tackegrcund ncicse from cther

rerbers locatea in the nearby work stace.

C. APPLICABILITY OF COMPUTER RECCGNITICN OF SPFFECH

1. Comrrercial Applications

The tirst voice infut systems 10 be used by industry
were installed in late 1972 and early 19?3 (Ref 15]. These

early arplications included:
-~ gquality control and inspecticn
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-- autorated rmaterial handling

~- direct voice inrut to corruters

Their successful implementation was 4ue ir large part 1o
recognition accuracies that were greater than or equal to
the manual keying accuracies cttained <frem the same
personnel.

In nost quality control and lnsyecticu nrocesses the
faspector’s hands and/cr eyes are cccurled in the inspecticn
task. Through the use ct a voice recognition syster 1t 1is
possible tc combine the inspecter’s rnermal work reguirements
with the simpultaneous entry of a8ll data mezcvred énd
observed, Cwens-Illinois Corporation imstalled volce d&ata
entry equipwrent in early 1973 for tkhe 1inspecticn of cclor
televisiop ftacerlates. Here was an arrlication where the
inspector "had to raripulate, orient, an1 measure parameters
using gauges and reters . The requirerent 0 sirultaneoucly
recocrd the measurerent data also existed. 1In this example
the operator was atle to achieve both tasks at once [Rez. 6:
pp. 182-183].

Voice entry has been utilized In receat yeers 1o
coantrol the rovemernt 0ot materials such as parcels,
containers, baggage etc. throvgh distributicn end scrting
centers. A voice controiled rackage routing syster
installed by SS Kresge in Ncvember 1974 allowed just cne
operator to, handale each iter, read the label, and speak the

destination code fcr each carton 1inte his/her micrcphone.
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Formerly this haa ©been an operation that rejuired Iwo

rersons and still resulted in the “bunching’ up of ditterent
size packages. Fcllowing the 1{installation ¢t volce
activated scrting equipment, the ‘tunching probdler was
eliminateqd, preductivity increased, and <sorting errore
. } k reduvced [Ref. €: p. 18%]

2. WMilitary Agppilcatliors

u These applications mey be rlaced 1iuv the general
categories of, equiprent and GEfprocess coantrol, field date
entry, data mapagement, and cooperative man- rechine tasks.

A more detrinitive classification was prorosed by Reekx et.

| al. in 1977 [Ref. 16] tc 1icnclude the general ereas of

! Security, corrand acrd Comtrol, Data Transmissiotn and

' ' Cormunication and Processing Distortea Sgpeech. Taole I
provides a recapitulation ¢t wilitary tasks that could bte

3 considered for speech recogaition techrcleey.
Cf particular 1interest 1is the nse of steech
recognhition fcr Command ard Control applicatiorns., The term
c3, Command, Control, and Communications, refers t¢ an

overall system corprised as a minlmrum of these key elements.

a. Command Autherity: The cormander provides tte central
- avtheority, wunity of purpcse, and the overall concert
k . as to how cperations will be conducted to accomrplish

mission objectives.
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TABLE I

MILITARY AFPLICATIONS FOR SPEECH RECOGNITION
(From Reference 1€)
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1. SECURITY

A. Speaker Verificaticn (authentication)

B. Speaxer Identification (recognitiorn)

C. Deterripation ot emotvicnal etfects (ie. stiress)
D. Reccgnition ot spoken codes

I. Secure access volice iaentification

F. Surveiliance ot corrunication chanpels

11. COMMAND AND CONTROL

]
]
{
t
]
[}
]
]
]
]
L]
1
t
1
1
t
1
)
]
i
]
}
i
'
[]
¢
i
' A. System ccntrol (ships, aircrart, situaticn
i 1isplays, etc.)
i B. Voice orerated corputer inrut/output
y C. TLata hanrdling ard recocrd cortrol
i L. Material handling (rail, raggaze, publicatiorns)
; E. BRerote control (hazardous materials)

! ; F., Adrministrative record ccntrel

' i
i I11. DATA TRANSMISSION ANDZ COMMUNICATION
1
1
i
t
]
}
i
1
]
)
]
t
|
i
i
t
!
4
!
i
]
|
]
[}
'
i
|
]
]
1
|
]
]
]

A. Speech synthesis

B. Vocoder systems

C. PEandwidth reducticn

I. Cipbering/coding/scrambling

1V. PROCESSING DISTORTEL SPEECH

A. Diver sreech

B. Astrcpaut cocrmunicatlon
C. Unaervater teleghone

D. Oxygen rask sreech

E. High G’ ferce speech
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b. Organization: This e€lement provides the pathways

through which the rlans, priorities, and direntives of
the commander are provided teo the force and threvgh
which information pertainiog t0 1the forces can te
provided the central authority. These pathways are
found at each echelon in the fcrr c? ccmmaud pecsts,
orerations centers, or comrand centers.

c. Cormunicaticns: This provides the Teans fer
transritting plans, priorities, and orders to elemerts
ot the torce and the means by which the torces ray
inform the Commander cf their activitlies and needs.

d. Information: A xey 2lement that Yacilitates control
by confronting the Commander with only that
informatior required to support the decision-makiag
prccess. Inforration supports both <the star’?
planning and command decisiop-rakiang rprocess at all
levels.

The corrand centers that will provide the reguisite
organlzational framework, iertorm <everal vital functions
tor the Comrarder. First, 1s the capability tc communicate
securely, &nd pretferably ty voice over a wide choice of
Circuits. Seccrdly, each command center kas the task c¢*
integratinz information which comes fromr its surrorting
elerents. A third capability provided by these centers s
the processing and display o¥ information. The fourth

function, assoclated with aumder three, 1is the quick and

3€




accurate dissemination ot information, reperts, arcd

directives for the Commander.

j We are particularly interested im the “unction cf
information rrocessing ana disseripatior as it provides e
sultable arrilication tor computer recognition of speech,.

: ‘ Command center automatiom, resulticg 1in pore efficient

corrunications, will lead to increased iroauctivity. 1Ia its

broaaes?t sense, communication is the management of
information, and iatormatioa, not parer, is the chief
product of 1ihe <ccrmand center, Cur C3 systems that é¢re
desfgnew' and fielded ¢tor these centers, and sreech
reccgnition as =a ccmponent of <such, can 7yrevide cur
Cormanders the capability to "obserye™, "decide”, "act”, ana
, , “react” witk speed, decisiveness sna accuracy.
% Navy feasibdviiity studies sponsored by Naval
’ Elecironics Ccrmand ané conduvcted by 3r G.K. Pcock cf the

Naval Postgraduate School, exarined the potential for voice

data eatry ¢tcr Command, Contiul, and Communicaticns. Twe

voice recognition systems were installed io 1987 atr Tleet
Beadquarters, Commander-in-Chief Pacific (CINCPACFLT) in
Hawali to examine the benetits and liritations ot vwvoice
input for cperation c¢t the V¥Worldwide Military Command and

o Control Time-Sharing System (WWMCCS TSS) amnd the Ocean

Surveillance Intelliigence System (CSIS) [Ref. 17: p. 24].




Poock has also demonstrated that using volce intut

to exercise a typical scenarlic on the ARPANET, an
exrerirental network since 1969 emrloying pack2t switching
technoiogy and conrecting over 185@ host comrputers, was
significantly taster and more accurate than entering the
cormands manually (Ret &]. Twenty-fcur supbjects fellowed a
fixed scenario of dinstructions wtere <théy accessed 1the
ARPANET, logged icto ditfterent host ccCcrpulers, read
messages, sent messages, read files, transferred flles
bevween host corputers, deleted ftiles ana iaterconnected
host computers. Simulated ccmmand centers cperatire on this
network incluae tbe Naval Postgraduaete School {Monterey,
Calitornia), Naval Ccean Systems Center (Sar. Diege,
California) and CINCPACFLT (Bawail).

Automatlc speech reccgniticn has alse teen ¢cund te
have considerable potential for imsgery interpretation and

inteiligence rerort gemeration I[Rer. 17: . 49] . A

tes

significant arount of research has been terforred for the
Defense Marring Agency (DMA) tor such arplications as voice
data entry for tke processize of Ligital landrmsss Systerm
(DLMS) data, rreparation ot Flighbt Intorration Putlication
(FLIP) data &nd ocean-depth weasurements for digitized
cartograrphic arplications. 1Ia all <these arplications the
environrent 1is such that the operator’s hands are busy and
trequently involve the use of stereo oOptics and other

special Adevices. Volce has been shcwn experimentally to be
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faster, easier, and a less fatiquing rode of dsta ertry than

bistorically rmore coaventional means !Ref. 17: p. 27]. More

recently, the feasidility ena advantages of voice 1inrput

technology were described ¢for use in the CCINS Network

Control Center (CNCC). The Community On Line Intelligerce

System interccocnnects on-line iatorration storage and

retrieval systems lccated at a numter of locations within

the United States intelligence comrunity [Ref. 18].




ITI. HUMAN FACTCRS IN SPEECH RECCGNITION

A. DEFINITION AND PURPOSE
Human factcrs is concerned with imprcving the
productivity of the wuser by taking into account huran
characteristics in the design ot a system. As descrired by
Huchingson [Ref. 19: p. 4],
The term "human factcrs 1s more ccrprehensive, covering
all biomeaical and rsycbosocial considerations arrplying
10 man in the systerm. It dincludes not ocly hurauo
engineering, btut also life support, personnel selacticn
ang trainirg, training equipment, job perforrence aidas,
anga pertformance reasurerent and €valuation.
\ The pecople referrec tc in this detiaiticp ere those vwho
‘ tyrically orerate, maintain or service the syster. They are
i
] those whe will irteract with the syster’s design. Wien the
, tocus 1s opn a broader .aterpretation it’s arpropriate to
speak of a Human Facters Subsystem or Persorrel Sutcystem és
was described earlier.
Human factcrs engineering deals principally with the

many factors involved in the design of & new system ~ from

hardware t¢ rersonnel. ¥or ouvr efrorts {un <this amalysls,

the current technology has been deterrinea to be acceptatle
and, experimentally as well as orerationally relliatle for
its use in & Ccmmand and Contrcl envircarent. Now, user
variability is to be investigatea further inm termrs of how it

atfects reccgnition accuracy.
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Since energy in & speech signal is usually displayez 1in
terms of frequency, 1intensity and tire, iv would seem
plauvsible that each wcrd should have a unique acoustic wave
rattern and, if so, word recognitiom would be a sirrle
matter ot the voice recognitvicn syster scanning the pattieruo,
corparing the sirmple pattern with a adata bank ot reterence
word patterns, and deciding which werd was cpnken.
Untortunately, huran variability messes up this vmpiquely
simplistic approach. Qur purpose then is to discuss the
huran as & cowmpoment in a complex system designed by humracs
and 1o note the fundarental aavantages and lirlitations of
the human 1in relation tc an auvtcmaied volice receognition

system.

B. FACTCRS AFFECTING RECOGNITION ACCURACY
1. General

Liritation of vocabularies t0 12¢ werdas have
resulted in identification eccuracies c¢f between S8Y - Y9Y%
in a controlled laboratory eanvironrent. 1In an operational
or tield setting recognition accvracles have been repcried
as low as 50% [Ref. 20: p. €3€]. Varicus factors noted for
interfering witbh successtul ldentificaticn have included
background noise, inconsistent ricrophone placement,
insufficient <training, incomsistent sreaking style, and the
lack of user cooperation. Lea in & paper titled "What

Causes Speech Recognizers to Make Micstakes?” [Ret. 21] calls
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for the determipnation of those factors ¢that influence
recognitior accuracy rather than the rereated assessment of
transitory devices. Table 2 summarizes the four ‘dimensiors
of difficulty’ Dr Lea bhas proposed. ¥hat needs to te
accomplished is the characterizatvion cf the relative etfects
of changes along each of these fcur dirensions, or more
sirply statea, find the factors intluencing the accuracy of
machlines that recognize speech.

Because there are so many variabies 1involvea that
atfect recognition accuracy, the 1list 1in Tatie z may ve
reorganized in a comrunicatiopo-theoretic framewcrk. This
tramework models the speech recogniticn error rate as a

function cf seven corplex sets of factors [Pef. £: gpp. €9~

93] that include:

~~ Task Factors

-~ Hurano Factors

-~ Language Factors

-~ Chappe{ and Enviroanmental Factors
-- Algorithmic Factcrs

-—- Pertormance Factors

-- Restcnse Factors

It 1s the set of Ruman Factors that this experiment
and analysls 1is principally concernes .ith, tor it ic this

stage of the roael that has a rajor Iimpact om speaker
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DIMENSIONS OF DIFFICULTY FOR SPEECH RECCGNITION
(¥rom Reference S)
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Form of syreech to be reccgnizegd
Accuracy reguirerents

Required thrcughput rates

Type of device necessary

Sex
Dialect
Vocal tract size
Vocal cord characteristics
Prcnunclation hablts oY speaker
Physical state
Psychological state
Yorkload
Cooperativeness
Tire ot aay/week
Time since trainirg
Nurber of training sarples/word
Rate ot talking
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Size of active subvocadbulary

Wora length

Word sound structure

Contusatility

lang~age sroken

Syntactic, serantic, ard
tragratic constralnts

Enhanceability

Siress Pattern

Intonational variabilivy

Rhythm and timing variadility

e e R L e M

Noise lLevel

Type(s) of noise

Bandwidth

Spectral distortions
Transducer characteristics
Placerent ¢f the transducer
Arplituade

Vioratlicn

Acceleration
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variabdility. This set of huran tactors can be further
subdivided [Ref. Z1: p. 2] 1in order to wmonitor their
influence on reccgnition error rates. A few 0t these are

listed below:

-~ Speaker Experience

-- Training Methoa

-- Sex of the Speaker

~- Physical Timensions ot the Speaker
--~ Geographic Crigin ot the Speaker
-~ Speaker Dialect

-= Physical State of the Sieager

-~ Psychological State ot the Sgpeaker
-~ Speaker Cocperaviveness

-- Tire of Day or Weex

Because different speakers may derocpstrate widely
varying methods of pronouncing words or r1hrases, the above
listed factors rmay be ftyrther seraratecd inty two categoriesjg
those occurring between <speakers and thcse affecting each
individual speaker. First, some ot the differencec bdetween
speakers that 1induce variability will be briefly examired
and then the variabilities apparent withia each spesker that
can atfect reccgniiion accuracy will te discussed,.

2. Lifferences Between Speakers

Speaker Experience: This factor cen take on a tweo~

told meaning when looking at it as a source of variatility.
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First 1s the experience of using voice recognitlion
equipment. Experienced wvoice reccgnivtior users should be
exrected to have a higher and more reliable recognition
accuracy than those who are ‘naive’ to the technology.
L_ ‘ These exrerienced users are comtcrtable using the equirment,
. less 1likely to be intimigated by the syster, and 2are
tariliar with its pertcrmance carabilities ¢trorm previous

usage. The other meaning of cpeaker experierce has tc 40

with jobt skill. Can a user who orerates im a rmicrorhone
environmmert c¢n a daily c¢r regular basls, such as an Alr
Trattic Controller or a Pilotv, te exrected 10 have betlvter
reccgnition rates than those whc have never spoken inte a
ricrophone? A data LTOCESSOr who works regvlarly 1o en
environmment deranding Trecise data entry by keybtoard wight
have the tyre of experience or sxill factor that wculd
rrovide an edge over 4a gjprostective user rossessing only
basic typirg skills. This type <¢f exoerience overlarps
slightly with spreaker coorerativeness and will be elaborasted
upon later.

Methoa of Trainlaog: The 1ideal form of voice
interaction would ©be for a user to fick ur the microrhone,
speak commards the machine can wunderstand, and for the
aprropriate restonse to take place. Naturally, this 1s the
goal of sreaker independent systems, but since humans all
speak differently and our ¢ftorm of sreech recogaizer is

discrete, wve are mrandated to provide the machine some
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information atout how we speak each word intended for our
desirea vocabulary (ie. Training). The rethod by which the
machine 1is traired ¢ty the user wiil in large part dictate
subsequent recogrition accuracy. If the user i{s <closely
supervised and made to carefully speak the particular
vocabulary then we sktould be ablese to expect bPigher
recoghiticn rates as Oprosea to the wuser who is given
cursory instructions on the vuse ¢? the ecuiprent ard cllowed
to go on independent of further supervision avring the
traiuning rode. An adjunct ot training method 1s the nwumter
ct tralning “saerples” c¢r proaunciaticr pattern. It is
aitfriculit t¢ achieve accurate speech recognition when the
nurter o¢? tralning passes per werd is small or cmaller than
ranufacturer specifications ([Ref. 22]. Using 1identicel
equiprent, 1t would still te reascrable to anticirate some
speakers, having had a lesser amount ¢f training samples ter
word, Dbavicg rore success than others who have had rcre
sarples per word.

Sex: Male volces rave lower frequencles than
rerales and a nmore detalled s,ectral structure resultls from
the lower pitch of their voices. Tris detallea structure is
rore indicative of the vocal mechapisr and of the interded
vowels and consopants spokem, Male vwvoices tend to tare
better with recognizers erploying trequency domaiam amalyesis
vhile female volices tend to have greater success wlth

rachines musing time domain analysis [Ref. S]. A recent
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comparison was conducted (Ret. 22] which revealed no

statistically significant difference between the sexes.
Although not a prirary objective of the thesis, it rerains a
source of variability that meri{ts sore measure o¥ analysis.

Sreaker Dialect: Dlailects not only atrfect the
specific sound proauced for €ach vowel or consonant type,
but also exhitlt dif?erent dynamics of sreech production.
For erxarple, Soutkherners have thelr readily identifiavle
drawl, whereas a New Yorker will tend to say Toid  rather
than "Third” and recidents ot Camtridge, Massachusetts can
be nheard tc talk about Hahvaha” instead ot "Harvard .

Physical Iimensions: Threughout the literatvre on
speech recognition one will =<see sreaker varilatilitvy
attrituted to a variety ot facters, ncee ct which incliude
the physicel aimensions of the sieaker. An exarination of
the recognition accuracy %Yor a selected sarple populatior
based on physicel dimensions would rrovide an interesting
insight into the rarificatione ot such a factor as e
corponent within a perscnnel selfecticn sutsystem. 1In other
words, what eftect, it any will height and weight bhave on
recogniticn accuracy?

Geograrhic Origin: This rarticular factor is
multidimensional consisting of <everal sub-facters which

require careful exarmination:

-- Place ot birth

-- Geographic area of upbringing
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-- Ethnic background

-- Religious preterence

The above may irrose ideosyrcratic or social aifferences in
habits which can produce varlations in sound and
subsequently in pronunclation. These sub-4actors all
contribute a reasure oY varlety that can presumably atfect
recognition accuracy.

3. Ditterences Within Speakers

Physical State: The present physicsal state of a
user ot voice recognition equirrent can rreciritate
variability in his or her vcice. For exarple, a cold, scme
torm of rpathological condition, tatigvue etc. can altver the
speaker’s veice. The individual’s vcice quality covid ve
different based on physical conditioning. Ts the user who
works cut regularly and stays in excellent physical
conaition more likely to show higher recognition rates than
one who rarely exercises, smokes regularly and generally {is
not in the best ct heaith?

Psychological State: Spielterger [Ref. 23: . 29]
defines transitory or state anxliety as a complex, unigue
erotional condition that can vary in intensity éend flwnctuate
cver time, State anxiety may be thcocught of as conslsting ¢?
unpleasant, consciously perceived feelings of tension and
aprrehension with arn accomranying activation or arousal of
the autoncmic nervcus system. The concept cf trait anxiety

refers to the relatively stadle irdividval differences in

4E




anxiety rroneness. It may also be a retrlection on the
trequency and intensity with which state anxiety has been
previously mepifesteda anda tre rrobebility thbat such anxiety
will occur in +tpe tuture [Ret. 23: p. 39]. The fract that
physiological functioning 1is affectee dauring vperiods of
anxiety 1s easily apparent. The degree 10 which speakers
deal with a state or tralt anxiety ray well te a <significant
variable of ccnsidereation in the examinaticn of €rror rates
of voice recoguition systiems.

Speaker Cooperativeness: Hcw  enthusiastic eani/or
willing & speaker 1s toward the use of voice recognition
equipment could induce speaker vartablility and hence
subsequent rTeccgnitior accrrecy. In a rmilitary environrent
where many Jjcob positions are ¢t a non-voluntary variety, it
is conceivable to expect the selection of voice recognition
users who are told to orerate the -equirrent regarcless cof
their personal pretereances. I1# the wuser distrvsis the
technology or rreters ranual entry, and, is still Trequired
to use volce, we have developed a non-ccoperative user. A
non-coorerative user is theretore, coe who ic¢ counsciously
trying to undermine the successful operation ¢t the machline.
The cooperative user 15 one who 1is willing ¢to help the
machine by saylng precisely what the rachine wants and
pronouncing it in a clear and consistent mapmner. There is 3
certain grey area surrounding this tactor with the rresence

of users who, although not consciously trying to confuse the
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device, are not tully committed to "helping the rachine” to
recognize the correct utterances.

Tire of Day/¥eek: Each perscn’s speech is variable
depending upon time ot day, changlirg from mcraoing tc evering
and even changing progressively over a period of time [Ref.
5). An examination of recognitior perfarmance over extended
perioas of tire [Ref. 24: . 1] showed a statistically
stable tertormance over tire (1 weeks) with no sericus
degradaticn occyrring as time elapsed. Nevertheless a wucer
who has a gafr io tire between traioing amd orerational use
may torget ary speclal ways he/she trained the machine. PRew
ruch 0t a gar is tclerable is a surject for fuiure research.

4. Mlscellanecus Factors

Sore additioral huran factors that bave been
preposed [Rer. 5] deserve a3 briet descripticn. They have
teen relegated 10 a separate section tecauvse, tor oné reason
¢r another, lack of equipment, current tecknical skills,
lack of weasurable gquantitative aata etc. experimental
examipation atv the present time has beer precluvded. These

tfactors include:

-=- Forr ot speech

-=- Speaker dependence
-- Rate of speech

== Vocal tract size

-- Speaker’s glottal srectrum
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Form of sreech refers to the tiyre ot voice
recognition syster to oe used, lsolated or cortinucus.
Continuous systems, beirg a quantur step above 1isolated 1{n
terms of complexity, bring about a greater opportunity fcr
speaker varliabllity tc manifest 1tself. Such things as
detection of werd boundaries, slurring of speech (ie, "dija”
vs "dia you ), and prosodic characteristics coulda seriously
atfect recognition accuracy because of these tiypes ot
cerplications whlch a ccntinucus sreech recogniticen <cystem
introduces.

A speaker inderendent syster negates the requirement
Yor tralning and thus variatlility tetweer speakers becomes a
more critical factor for 1indepergaent systers to ccntead
with, Independent recognizer gEfertorrmance will tave to te
tallored to acccmmcdaze az unlimitea onurber of pectential
speakers and their associatec¢ variabdilivy.

The tester a Jerson speaks the more likely that the
exrected grropnunciation will ©bte altered due to slurriung,
deleted syllaosles, etc.. If a machire 1is traineda 1c one
torr of rropunciation apa at one rarticular rate ot sreech,
2 aiffering rate in an applicaticn mcde, will <cause eén
increase {in recognition difficulty. VWith an isolated word
reccgnizer tc te used in the experimentaticn, requiring a
rinimum of 100 rsec pause between utterances, and utterances
not exceeding 2.2 seconds 1in duratior, this particuler

factor was not considerea essential to the overall aralysis.
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It is rather, an irportant ftactor 1in terrs of conticuous

recognition systemrs.

The size of the vocal tract will produce changes in
the forrants of the sreech signal; the spaller the vocal
tract the higher the fcrmants. This cen have an impact cn,
f ! tor exanple, transmission throutzh lirited Dbandwidth

channels. Vecal cerd characteristics alee prcdrce
interspeaker variability such as pitch or "resonant’ quality
ot the voice. Speakers with more recomant  voices that
rreject well, will be easier for recognizers to tandle [Ref.

S: p. 78].
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IV. TESCRIPTICN OF THE EXPERIMENT

A. OBJECTIVES AND CONSTRAINTS
1. QObvlectives

As noted earlier, ovr overall obJjective was to
examine the humap as a ccmpcnent in a corplex system. In
narrower terms, this experimentation atterpts to assess the
atfect of ditfering occupational, cperaticnal, perscnal,
pbysiological, ard psychological characteristics ot a3 user,
on the accuracy with which @& currently avallatle velce
recognition System “ill correctly interyret spoker
utterances. Subsequently, our discussion will address tikre
occurrence, it any, of existing qurartitavive parameters that
would enable us tc aifferentiate tetween effective and nor~
eftective users of volce recognitior systems.

The following specific ckaracteristics are examrined
in this thesis. Many ot the individual characteristicz, or
huran factors, are self-explaratery while Ccthers are
provided with a brier explamation apnd/or ratiomale for
selecticn.

a. Occurational Characteristics

This set of parameters exarines the possitle
effect on recognition accuracy dve to differences icherent
in a user’s ocsupational skill or jot (military or civilian)

packground. Specific characteristics incluvae:

tn
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- Job function: Comrarison of recognition rates

petween microphone experienced vusers (ie. pilcts,

air tratftic controllers) and non-experienced users.
- Eranch ot service: A factor with pessicle

consequences pertaining <0 1its use in personnel
% selection criteria.

-— Job satisfaction: A subjective evaluation by the
ucser as 10 his/her job satistaction in their current
duty assigoment ana their <satisfactior withirn ~rhe
Armed Services.

-— Previcus ccrputer experience: Computer erpérienced
tersonnel (ie. Lata Processors) are expected 70

t : have a petter appreciatior ¢ter <the advartages r?t
voice 1ipnput ana thus, te frere conscious of thesr

] ettorts acd positively motivated  fter  higher

’ recegnition accuracy.

-— Forelgn language competency: Frequently militery

and civiliac members asscclated with TICD are

required to possess the caratility to fluenily srfak
4 toreign language. This ability is anmotker tactiar

that could atrtect cne’s cpeech.

b. Orerational Characteristics
This set ot parameters examines the possible
effect on recognition accvracy aque to factors surrounding
the operatiomal use of vcice recognition equirrent.

i Specific characteristics ircluae:
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-~ Traiuing rethod: Analysis ot recogpition rates tor

those users who are supervised during the iraining
rode ccrrared 10 thosS€ who are allowed to train the
equiprent individually.

~- Time of day ard week: A deterrinaticn of whether
the +tire frame |in whiéh a4 sreaker irains the
recognizer will have ary subsequent a*tect cn
recognitior accuracy.

-~ Fquiprent exrerience: Corpariscn c¢t recogunition
rates between experienced users of voice recognition
equlprent and tvhose who have never used the
equiprent betcre (“naive’ users).

'L -- TFese of use: Tne operaticnal simp:icity of thre

equiprent could attrect & csteaker’s pertormance. Fer

i exarple, a speaker who ccrnsiders the recegnizer &5 a

complex and operationailly ZJifticuly device will te

’ less i1ikely to devete his cr her raxirum eftfert  to

their perforrance.

¢. Personmal Charactéristics
The fcllowing are varicus characteristicse
considered 10 have a r[possible ettect oo an individual’s
<peech patterns, and hence, attect the reccegnitiecn accvracy

. : ot a volce syster. These parameters ianclude:

-= Race

~=~ Marital status and ftarily size: A correlate of

o
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psychclcgical state and, althcugh equally likely tc
be included as & psychological characteristic, it is
considered here as a criterion for perscnrel
selectior. Family size refers to the number of
ottspring the user has as oprcsed to the size tarily
in which ore was raised.

-~ Religious preference/Ethnic backgrovnd

-~ Accent or dialect

-~ Place of bpirth/geographnic crigin

-~ Level ot education

-—- Soclcecorcmic class: similar in natvre 1to0 thre
characteristic ot mrarital status but 1s considere
*cr its merit in seiectiop ctf perscnnel thar fer fts
affect on ipnalviaual speech ratterns.

-— Tental or crthoaontal care: Braces, correctioas feor
irprorer pbite, or major oral surgery, are consizerea
tor thelr inplication on the sreech ypatterns of

those irdividuels arda the resultant error rate.

d. Physioltogical Characteristicse

These characteristics s&re also consiaerea to

have an aftect on speech ana as a resuit are faciors of
interest when examining reccgnitvien accuracy and speaker

variablility. These perameters lncluae:

== Helgnav

-=- Weight
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~- Age
~- Physical ccndition: A sutjective evaluaticr ty the
user of his/her current physicel ccnaition.

- Fate of airtlow: reasurerent o¥ ventilavory

; ' furcticn to ;roviae & diagnosis of condition

‘l attecting voice. This measureprent canpn also te usecd
as an irclcaticr c¢ pcssicle airway ctstiruction.

-- Vital cepacity: The maximur &rount of volime ot air

whnick capn be exhajled Zcllowing maxirvm irhaiaticr.

This measure rrovices an estirate ot the amount of

air pctentially availatle ¢ftc¢r the preoeducticn cf

Ebonation.

i -- Jreech treining: Examires whether tormal speech or

vcice training affects reccgniticn accurecy.

e. Ftsychoiogical Characieristics
The current psychcicgical state cf a user, their

cocijerativeness, ana their rerscnel attitudes toward

autcmation apnd vcice all contribute toward <the cverall
erffect on reccgrition accuracy. The particular parameters

iovestigatad incliuce:

-— Fsychcicgicel enxiety
~— Steaker cooreratviveness
-— Af*ect of errors om supsequent pertformance

-= Attitudes toward volce recogrition equipmreat as a

time savicg Jjob alg
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-- Attitudes towards compuvers and data autormaticn.

In effect, iters 4-6, ere related to speaker cooperativeness
ic thet pow a4 user teels 4aboutl corputers and vaoice
reccgrition coula impect on their willingness to rellecly
SUEport ihe use of voice reccgaition equirrent.

2. Constraints

Accomplishnent ot 1est objectives were constraiped
withir the research tacilities o¢:r the Naval Pcstsraduate
School. In the 1interest ot tLire, experirentation was
lirited t¢o five weeks.

Fecause voice production is &n extremely complex
eveut in waicn audivory, acoustic, ard aerodynaric €vents
are precduced by the interaction ct physicicglcal mecharisms,
it wcula <ce beneticial it we ccuvld measure as mwany vocal
rarameters as frossible iz crder tc achieve a complete and
accurate flcture of wvoice gproduction, 1its ascocieted
variabilily amcsg sieakers, a&ud itvs ccerrelat2 1o vceice
reccgriticn  accuracy. lack c¢¢ equipment, tire, and/cr

€xyertise rrecluded examination of such tactors as:

-- Glotral wavetform

-- Transfer fuonctvion of the vocal tract

~~ Scund-pressure level

~~ Maximguvm auration of sustained phonation

~- Maxirum frequency levels

-- Mcdal freyuency level
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5. SUBJECTS

Forty-tour subjects rarticipated in the experirent on a
volunteer ©bvasis. The group was ccocmpcsed of <t miilitary
ofticers, 17 wilitary enlisted, abpd < <civilianms. The
military otticers representing the Arry, Air korce and Navy
consisted ot <«i rales apa 4 termales while 1the weanlisted
yerscnrel represernting the Army 4cd Navy ceasisted of 11
ra'es ana € ftenraies. The civilians 1ovcludec & protessor fror
the NPS Cceancgraphy ULepartment and an empioyee ¢f the
Jetense tanpower Date Center (IMIC) ip Monterey. The rank
¢r grac€ of thz military subjects ranged trcr O-2 tc C-4 tor
t-te cormissicned ofticers, (We 1o CWZ tor the Warrant
C¢ticers, and E& tc Z7 ftor the enlisted personrel. The
sucjects ages rangea from «¢ to 47, with an average age of
Sd .

It wes desirea thatv tke speakers selected for the test
ge rerresentative ot the porulatiocr toer whick the recognizer
is to te used, in cur case a Command and Coztrel environment
and 1p fparticular, a4 wiiivary cormapa center. Subjects
taking part in the erperiment were representative cf this
ecvironmert as shown by the graae aistribution ane types of
rilizery cccuratioral sypecialiies, although some at these
speclaliles are not readily aprarent ip current Jjob
aescriptice (1le. Meaical NCO).

Twenty-tive ¢t the supjects were frecr Fort Ord and

fzcluaer =z veariety of ©backgroundas suck as pillovs, air
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trattic controllers, signal otticers, signai non~

comrmissicned ofticers (NCOs), and intantry ©Eplatoon
sergeants. XFive ot the subjects were data processorsy 2
rom the Fieet Numericai Oceancgrapkic Center in Monterey
ana 3 fror aaministrative offices of the Naval School.
Twelve sutjects were students 4at NPS and enrclied in the
Cernana, Certrcl, ard Communicatiors (C3) curricula. A wiae
diversity ir thelr tackgrounds is iliustrated by previous
jot categories such a&s aviation, corrunications, Systems
;rogramrmiog, corrunications maiutenance, corrand and starst,
and ruclear engireering.

fwelve ¢t thae subjects hae experieace usiag volce
reccgnitior equirment, having participated in previcus volce
experimentetion {Ref. s]. A surrary of subject

cparacteristics is irovided in Tatle I1I.

v. 2QUIPMENT

1. Volice Eecqénition Syster

A Threshojd Technology Inc., Moael T-€¢@0 voice
recopgnition systemr was used 1o rerresent a cormercially
eavaileple, state-of-tre art recognizer} one which has Dbeen
well documented 4as to 1its reliable recognition accuracy.
Tre T~€0¢ i{s a speaker dependent, isolatea wora, sSpeech
recognition aevice waich autormatically recogaizes spoken
vords ana phrases. These woras and fhrases (utterances) ray

te as briet as 2.1 second obut wiil usuvally range from ¢.25
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SEX
dale: 24
kemale: 12

RANK
0-4: €
C-3: 4y
0-< £
Chs: 2
Cwe 2
E-7: %
i-€: 4
E-5: 7
E-3: 1
Civ: 2
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TABLE 111

SUBJECT UCHARACTERISTICS

............ +
{

1

SERVICE i
——————————— ‘

|

Army: 27 i
]

Navy: c
]

]

Air )
Force: 7 |
!
............ +

LOCATICN
2t Ord: 25
NPS: 1€
rNCC: 2
TxDC: 1

- - . - —— - —

- am . — - -

Experienced
Users: 12

Naive
Users: oy

—— - . ——— —— a— — -

- — - G - — - — - ——— —

Filotvs: <

fata Prccessors: 5

Meaical

Air Traftic Ccntrollers: 5

Otficer: 1

Signayl O¢ricer: &

Finance Qtticer: 1

Operations Officer: 1

Corputer Systems Manager: 1

GPraduate Siudeuts:

Pilots: &

Comrunicatioos Crricer:

12

Suprly Cttficer:

N

Fealcel NCO: 1

b

Signal HCC:

(@]

Fngineer NCC: 1

Professor: 1

(wbich incluce)

Coemmunications Maintenance Qf¥icer: <
Systems Frogrammer: 1
WWMCCS Programper: 1
Submarine Nuclear kngineer: 1

Intantry Unit Cormander: 1

AUTODIN Superviscr: 1
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10 1.6 seconds and must b€ separated ty very short pauses ot

.1 second or more. The terminal allows a user to begin an
utterance berore iy has completed processing the gfrevious
one, tut in <this experimentaticn rate of speech was
controllea b5y use of the READY indicator 1igpt located on 3
the tape cartridge unitv, This 1lignt indicates wahen the
terminal is reaay to accept the next utterance in Dbpoth the
traicing aad recognitvion rodes [Ret. 25].

Tne Threshcia €6¢ in its stevdard ccnflizuration 1is
corrosed ot the tollowing four elerents:

~— Terminel ccnsisting of:

- 43dnalog speech prerrocessor

- I8I-11 ricrocomputer

- aigitel RS-232 input/ouput interface

-— Stapcard CRT/Xeyvoara Display Terrinal

--~ THerote Vcice Input Unit (Microphone preamplifier)

-~ Tare Cartridge Unit
The termizael, CRT cdispley, microrhone preampiifier, ana tape
cartriage vuait were tabie rounted (Figure 3) within an
eccustic soura reauctvion bocth (Figure 4). A conventicnal
SAURE roaei SM-1¢ “boor microrhope, supplied as standarae
equiprent with the T~€0€ was used. The microphone possesses
4 special rcise céncelling design which allows the T-€3@ to
perferm accurately despite mosi extrapeous background nolses

(Figure &).

€<

ket

O, . e

e it et ittt i~ i s &




T

r

quaad aby uvopigudonay yvaadg

oa2-J

*2 3InArq

[ 81
W




Accustic Sound Reductl&n Chamoer

Flgure &,

N S S A
B X ‘O{N?‘l PIAEL IS o

- - e - — :




3uNuF oI 1Y AT-WS FANHG AUL

A

SWETERLR#

¢

3ty

Bap

ke
i

5

o,

1 e
o

—

e —— A AP . e et e

- o o e

i



The speéech [reprocessor accerls the speech csignal

input trem the microphcne preamplitrier and passes it tarcugh

& spectral a@analyzer for wora toundary detection. The
reature extractoer meniters fer 22 phoretically-relevant
teatures, ana converts these to algital signals. Words are
detected frcm cccurrences of i1ow energy. A minimum pause cof
¢.1 secona rust occur to prevent cootfusion tetween words.
Any treathing ncise at the ena o i2e word is remcved. The
reraining speech is divided into 1& tixedqa time segments, ard
Yeatures are reccnstructed co¢ntc the nerralized 16 segment
tipe base.

The micreccmprier dces a corpariscr 0f input signals
agairst storea reference petlerns. Eack word is represented
ty 5l (1€ x 32) &tiis of ip¥crmaticn. The «clcsest *it
tetween a&n incomirg termplate apa the alternative storea
itraieing terplate is tound, aca thet ‘closest’ word is
declared 1the wcra identiiy, unless the sccre is so lew that
20 aecision can beé rad2 and tThe utterance 1is rejected
cuiright. The vccabulary reference patterns are

’

estetiisnea by toe subpject “tralnirg’ the recognizer. Tkis
1s éccorrlisaed ¢ty lthe <subjlect raking a set aurber of
repetitions ef the varicus vocetulary vtlerances.

Coce a ratch is tound, the agrrorriate character(s)
ére sent via the cutput interface to the CRT to inaicate to
1he user which utterance was reccgunized. These terminal

matches are further categorized as misreccgniticns, where
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the terminal’s “closest’ match to tne reference vocebuvlary
was not precisely the sape utterance spoken, oOr
recegniticns, in whlch the wutterance spoken 1is exactily
recognized anc so retlectea in the CRT output. Rejection of
an utterapce is a talrd category and is indaicated by ar
aualble “veep’.

T"he rerote veice input unit allows ccmpornents 1o te
rerotely located up to 2002 teetv fromwm the terrineal processor
&na jrovides tre peans 10 aajust the voiure farplification)
¢f the erplitier te eccommodate the normel speaking voice of
each rarticuiar subject.

The tape cartridge vnit is @ digital tape recorder
Useqd to stere ana recell application adaata and én individuvasl
sutject’s vocatulary retereunce fatterns, Once the data
cartridge is recorder it contains @ll the informatior
necessary tc i1nitielize the Threshoia 6¢¢ terrinal tor each
supject. The T-€09 1is ~capeble c¢f <stering & 28€ werd
vocatuiary which may be reccrdea or lcadegd in a tew minutes
tsirng the tape unit.

<. Siirometer

A recoraing spirometer, Figure €, a iy re ct
gasometer, was used for measuring and recording vital
capacity. It comsists ot a metal taok containing a movable
plston wita a water seai, air input line, exbaust valve for
resetting, ink styius, aad revolviog cylipder ftor wmounting

chart pager calitrated in cuvic centimeters.
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As the subject breathes into the mouthpiece, Figure
7, alr reriaces water ia the ianer riston, which rises ty an
amouLt proportional to the exhaleda air. The sutject, once
fitied with the routhriece, 1s given instructiions 10 inhale
10 the greatlest extent possible and then exbale all the air.
This procedure was rereated tkbree times and the average
vital cepacity usea for analysis purposes.

3. Fecz Flow VMeoter

The Wrightv Peak plow Meter was useda 10 [reasure the
raximur  air tlow rate in a single torced expiration. The
iastrumert, kigure E, ccnsists c¢f a pivoted vane, the
rotation ct which 1s orposed by recistance ¢¥ a srring. The

1 plastic mectvthpiece fivs into the raaial inletv whichk leaags tc

1pe vane,. sttacned 1o the vane is & stindle and pointer,

The tcrced expiration cauces the vase and pcirter tc rctate

until tae maxisur attainatvie tlcw pas beer reached. Caoce

‘ reached, the pcinter is ueld in pesition by & ratcket uniil

reLeasea ty & reset tutlioh ca the tack ot tke device. The

scele is graauetea in Liters per mirute in & livers/minute
aivisicns over a rauge Ccr €2 tvo0 ig¢¢ liters/rinute.

Freceduraliy, the subjJect stards ana aclas the meter

o

in & wvertical (lape as ceyicted 1c Figure S. He,/she then

i

takes as deer & breath as pcssible, places the routhpiece in

Y
PRI N

L

vhe mcuth, @&rips 1v tightiy with the teeth, and seals it

P

with his/ner 1lps. The supject blcws cuv as hard as

possibie 1n a short, sharp expulsion ¢t air. This procedure
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Figure é: Thé'irighn Peak Flcw Yeter

Flaure 9. Measurerent of Speakers’ Rate of Air Flow
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was pertormeq taree times with the avarage noted
apprepriate peak expiratory tflow.

4., Tape Recorder

An AKAI 46ee DS mk~I1 magnetic <tape recorder was
useda for the recoraing, storage, ana reproduction of Speech
sounas (Figure 1¢). The device 1s a typrical analog magnetic
tape recoraer consisting of thrse obasic parts. These
include tae ejlectreaics ot the system, the Lead asserily,
2nQ the tape irensport. These ccmperents taxe a phencmencn,

suci as the sreech souna, thal cbaukes io tirFre &na Treciras

it as a zecntirucus event.

Figure 13. AKAl Taze Recoraer
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Tapes were recorded tor alli 44 subjects duringz their
particiration in the experiment. Subject to availabpility of
analytical sottware at NPS, further acoustical apnalysis
coula be conducted oOn Speaker variability thet wmight

substantiate aund support statistical conclusicns.

L. INSTRUMENTATION
Three yuéstionnaires were usea 1 1] eficit the
evaluaticos, Judgemrent, ccmgparisons, attitudes, and

tackgrovnd histcry of the svtjects rarticipating 1ia the

experimentation. The rirst twc gqresticnnaires were desigred
{Ret. z€] to proviae the necessary inforration to delineate
) subJects inte varicus groups rejresenting those huramn

tactcrs discuscsed =zarlier. The third questicnnaire was used

i 10 measure state aena traeltvt apxiety levels during various
yerioas of the =2xrerirent. The questionnaires were
’ “"authcr-adminicstered” in crder tc prcvide clariticaticm, it

neeced, 16 any writtern instruvctions and 1insure <that all
recpondents ccmpleted the questicannaires correctly, glving
appropriate corsideration to each iter.

Three itypes ¢t questicnnaire {tems were wused; open-
enaed, multiple <choice, and rating scale. The open-ended
- items perritied the subject to express his/her answer tc the

guestion in ope’s own words. 1In all cases, these questions
required short {(cne c¢r two words) otjective replies. The

rultiple choice questions allowed each respondent to choose

73
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tae apprcpriaie answer tfrom a list of several opticns.
These multiple choice questions include "dichotomous” iters,
for exarrle, those requiring only a YES or NO response.
Finally, ratvirg scale ivers were used to obtainm judgements
or attitiaes abouty some object, couceii, Or system, These
guestions permittea t1he assigoment of varlous response
alternatives along an wuntrokeu corntinuur or 1in orderea
categories alorg <the <continuum. Bcth a grapaic scale,
allowicg the respoudent to place his/ber judagement any rlace
ailcrg the 1line, and a numerical scale, cortlioing the
supject’s response to a discrete cetegory along the
centinuum were erpleyed.

1. DUcer Questiopnaire #1

User GCQuestionnaire #1 (Appendix A’ employs a
combination of question items incluaing open-endea, multigle
choice, and grarphical rating scale \iters, Questions 1-22
are designed to obtain inforration pertaining to
occupational, perscmal and physiological characteristics.
Questicns 25-40 cebtain attitudinal, compérison, ana
evaituation inforration pertainiug to occupational,
cperaticnal, physiological ana psychological
characteristics.

2. User Questicnnalire #<

User <(uestiornaire #2 (Appendix B) wutilizes a
corcinaticn of questicn items inciluding multiple choice and

rating scale {tems. Questions 1-3 obtained

grephical
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intormation relative 10 rhysiological tactors whilie
questicns 4-15 Were repetitious iters froem user
Questionnaire #1 designed to obtain attitudinal information
tromr the subjects atver using sieech recognition eyulrment
for four weexs.

2. STAl GQuestionnaire

The State-Trait  Anxietvy Inventory (STAI) is
comprised ot serarate self-report scaies tor measuring two
alstinct anxiety «ccrceptis: state anxiety (A-State) and
trait anxiety (A-Trait;. Tals inventory was develored by
Splelbterger et. al. at Vanderoilt University and later
continued atv YFilorida State University. It was rerroducea
with the special permissicn c¢* the Puplisher, Ccnsultinpg
Psychologists Fress, Inc., Paio Alto, Calitcrroia.

The STAI A-Tralt scale «conslsts c¢f 20 <statements
(Apperdix () that ask people how they gererally teel. Tiae
A-State scale alsc consists ot <d statements (Appendix UT;
but the instructions require subjectis 1o inaicate how they
v*eel av a particular mcment 1o time. The STAI was desigred
10 be seltf-admrinisterea and was given indiviaqually to each
subject. Complete instiructicns are prirted c¢cn each test
form for toth the A-Trait ana A-State scalss. There were nc
tire limits ilrposed Yer completion ¢t the ferm. Aithough
rany of the lters nave face validity as reasures ot anxiety,

the lnventory was referred 10 as a Selt-Evaluaticn

Questionnaire. Each subject responds to every STAI item by

7%
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Ficrophones, cperational traluiug rethod ana experience)

.»mm—uu--l—'-ii---ih-____f---iﬁi..l...llll.....--‘

circiing the apprcpriate numter te the right c¢t each 1liem
statement on the form. Scoring kKeys are depicted with €ach

scale in Appeadices C ana I |[Ret. 27].

E. EXPERIMENTAL DESIGN

A three~tactor nixed design with repeatea measures on
cre tactoer was employed in this experiment. In
consideravion ot the wide variely ot buran factors t0 be
examined, the experiment was designed to allow 4an analysis i

cf toiree «criticel factors (occupetional experience with

effecting reccgnitvion accCurécy while simultaneously

gathering sutticient data to accorplish subsequent analysis
cn irdividuai characteristlcs ot spesker variablility. The
Two betweeu variables were? microrhore exrerience and
trairing methnod, The third tacter, experience (Week#), was
the witein group wvariaole. A surrary ot tte experimental

gesign aprears in Figure 11.

¥. PRCCEIURE
i. Training

#or the T-€4¥, the training rrocedure consists of
entering 1¢ rpasses otf each wutsterance 1nto the volice
reccgnizer. A word list ¢t 182 utterances (Appendix E) was

provided the sudbject, each utterance pronpted om the CRT,
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the 1¢ passes spoken, and then the pext wutterancé on the
iist woula be prompted. Based op the experimental design,
subjects were divided into two grours; supervised and nom-
supervised. Those supervised during treining received
qetajlea tnstructions, and close scrutiny on each ¢t the 1@
passes bty the experiment adminisirator. If the subject
tailed to clearly prcanounce the utterance, it volume level
was lnsvtticlent, ¢t it the required .1 second pause was
omittea, the word was immediately retrained. Nom-supervised
subjects received the same instructions, a short
dercnstratior of the tralsing proceaure a&rd, when ready,
were aillowed to tralp the eguipment 1lndividuvally with nc
supervision by the experiment adrinistrator.

Traipning was accorplished only during the tirst week
of the experirert. Subjects trainirg in the morning (2720-
123¢ hours) woula subsequently test auring those periods and
likewise for those subjects training 1in 1the afternoon
(142¢-19¢¢ Lours). Inmreaiately atter iraining, all subjects
made at least twe passes cf the entire 109 word vocabulary
{similar to a test session) to icentitry any problems in
training o¢¢¥ a 9gpgarticular utterance. If the uiterance was
correctly laentifiea on both passes i1 was considerea as
trained. tLcwever, i an errcr (either misrecognition or
son-recognition) occurrea, a third pass was rade. If 1less
taar two ¢t the three passes ¢? any utterance was correct,

that utterance was retrained.

7e




Atter the equipment was traiced, each subject was
measureda for vital <capacity and peak flow rate. Finally,
User Questlionnalre #1 was admipistered. Total time for the
! * training session averaged 1.% hours per subject.

2. Recquition Test1n§

Following treining, subjects were tested on the
system. Fach subject mwaae < rasces through the entire
vocatulary list om each ot three days during the week.
Turatvion ot the experiment was three weeks., During Week #1
the vocabulary list remainea in the sare oraer as during
training (Appendix E) while in week #2 the order ot the
1 Ltieraences were reversea (Appenaix F, and in Weex #3 the
crder was randorizea (Appeumaix G). The rurpose ot this
! tbange in vecetulary crder was ¢ reduce the effect cf
iearning aue to0 reypetitiveasess, ana thereby proviae a more

realistic plciure c¢t speaker variability. Tata was

collectea it the trcrrs of recognivions, rmisrecogunitions, and

con-recognliicns using Appendix H.

s Ihe STAI questiononaire tor A-State scale measurement
was administered Jjust pricr to the first testing sesslion
(week #1, Trials 1-2) to determine crnxiety levels prior to
. usiag voice equirment, Turing Wweek #2 another STAI
questionnaire for A-State scale was adrinisterea following

the ¢tirst test sessiou of that week., The final STAI form

tor the measurerent of A-Trait sceles, was adrinistered
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durirg week #2. User Questionnaire #z was rrovided 1o each
subject at the conclusion of the experirent.
3. Vocabulary
It was desired that a test vocabtulary <imiiar tc a
b vocabulary intended for practical agrlication in a militaery
{ environmeat be used. Ot concern ip the design c¢t the
vocatulary was the fact that trief ronosyllabic woras are

rore aqifficult to recognize that louger rpolysyllablic words

cr vphrases,. 2 relatively equal distribution ct words and

utterances containing a syllabic content ranging from 1 to

S syllatles was selected as the final vocattlary. The

woras were chosen tcth from previous experiventation {Ret

{ <3} and the author’s military exgperience. Appendix I

) provides a listing of t1he 120 wutterances used in the
,, exreriment and ccrsidered as representative ot use in a

’ military cormana center.

G. VARIABIES
The aepenaent variables in this exrerirent were toteal
errcrs, @& lipear corbination of risrecoguitions and non-
recogritions. Independent variabies in the overall
exrerimental aesign are exgerience, job function, and
- training methoda. Aaditlonal indepenaent veriables incluaea
‘ each ot the inalviaual humén tactor characteristics elicited

eariier.

50




Data was collected on the eleven subjecvs within €ach
&rour ot the exrerimental desigu. Each sutlect race S¢¢
utterances per week for a grana total of 1820 for the
experiment. Total wulterances tor ibe completed exrerirent

purtered 7Y,<90Z (44 x 1800).
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V. ANALYSEIS AND RESULTS

A. GENERAL

All analyses WEre pertormrea using the MINITAB
statistical package [(Ref. 2&€]. Repeated reasures amalyses
of variance prccedures were rertorred in accordance with
guidance provided by Erining ena Kintz (Ret. 29]. Non-
parametric iestis tor signiticauce bertween pairs ot reans,
several inaepenaernt samples, and fcr trend analysis were
cenavcted utiliziug proceaures aiscussed by Conover [Rer,
S@]. Adaiticrnal parémetric analysis followed procedures
rrescrited by Ctv |[Ret. Z1].

411 mearn errer rates thet appear 1is figures are of
uan.ranstorreq gaa%a. Since the # test in aa analysis of
variapce 1is vdalia even with mila daepartures from the
assumption of eguality ot variacces |Ret. 31: p. €3¢],
dartley’s Test for horogeneity ¢f ;orvletionm varlences was
used tc determine whether an extrere case ({(upequail
varlances, existed and tnerety cetermine if a transtormaticn
cr aeata woula be requirea 1o stabilize the varlances.
kesults ¢t this t1est are presented in Taoble IV. The
assumption ¢t equal variances is the basis tor the use of
tntranstormed data in all sutsequent analyses.

Tne correlation coefficient reported herein is

Spearman’s Rhc. Atthcugh the Fearson Product Moment
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LATA: ¢
s (grougp I) = 1947.4Z
<
s (grovp il) = (€E€.80¢

TABLE IV
TEST FOR EQUALITY OF VARIANCES

s (grcup III) = Z€25.&2

L3

s (group 1IV) S€26.95
BYPOTHESES:

Ho: All popvlatlon variances are equal

B, : Not all populationm varijances are the same

TEST STATISTIC:

2
s
Max

] 2 -

2.895

Marx p
Min
DECISICN:
Llevel of signiticaace: .@5

Tabulated value ot ¥ = 5.
Max

CANNOT REJECT TBE NULL HYEFCTHESIS

ot o e S " s i 2y o o Y o = . o = A i o T . S - o o T A e e = et o o = o . - —
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correlation co€etticient 'r° 1s most comrmonly reported, 1T i3
however, a ranrdow varlabdie, ana &s such has a distribution
tunction. Copover [Ret. 3] svates that ‘r° bas no value as
a test statistic in nonparametric tests unless the

distribution 1is known.




B. OCCUPATICNAL CHARACTERISTICS

1. Byrotheses
The rtoliowing hyrotheses rertaining 1 4¢} the
occupational characteristics of speakers using voice
recognition equipment were testeda:
a. Hyg: Job functicn (microphone experienced users
versus ron-microrhcpe experienced vusers)
“will have [ Xo} atrect on reccgnition
accuracy.

H, : Job tunction (ricrophone  experience)
attecis recogoition accuracy.

t. Hg: The bpranch of service the wmilitary memoer
pelongs 1o will have no affect on
reccgnition accuracy.

Recognition accuracy is influenced by the
branch ct service ot the user,

c. Hg: A user’s attitude pertaining to bhis/her
present jJob satistactiocu will h&ave 1o
aitect on reccgniticn accuracy.

E, Job satisfactior affects recognition
accuracy.

d. Lky: The degree ct satisraction a vuser derives
trom being a merter of the rilitary will
Lcl attfect recognition accuracy.

E,: Service satisfection has an affect on
recognition accuracy.

€. H_: The amcunt of previous computer experience
4 user pas had will not attect recognition
accuracy.

Previous computer experlience affects
recognition accuracy.
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o¢ Ccrpetency ln a foreign language (ti- ecr
rultilingual) will  bave no affect on
recognition &ccuracy.

: Competency 1c a ¢fcreign language will
affect recognition accuracy.

2. Job Function

Tne rescvlts of the experiment for wusers with ana
~ithout ricrophoae experience are shown graphically 1in
tlgure 12. Microphone experienced users tared only slightly
petter thep nmon-ricrophone experierced uvsers. The analysis
¢¥ variarce iaNCVA) restitvs in Tatie V substantiate this
spowing an ¥ ratiec of 277 indaicating no statistically
signiticant difterence in the user’s Job tunction. Thus,

the null hypotnesis cannot te rejected.

]
(
&€.2 -
|
7.¢ ~1 /
1
]
€.0 ~| (€E.€2)
: (6.¢2)
MEAN 3% £.0 ~|
ERROR i
RATE 4.4 ~|
1
2.0 -
i
2.0 |
)
1.“ -:
i
b —————— R et Lt Lt e | mm————
ticrophone No Microephone
Experience Experience -

Flgure 12. Mean Errer Rate vs. Job Function
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TABLE V
ANALYSIS CF VARIANCE FOR RECOGNITION ACCURACY
SOURCE SS dt MS b P
i
o TOTAL ?7329€.¢¢ 121 -- - --
f { BETWEEN SUBJECTS L4082 .€0 43 - - -
5 Microrbone
L Experience (MIC) 4%6.81 1 £36.£81 277 NS
b Training
t‘ethod (TNG) £629.50 1 £€2Y.5 4 .EE€8 hatd
MIC x TNG 1789.€9 1 1759 .69 1.521 NS
Error(b) 46LE€.EL 40 1156.41 - -
o
i WITH5IN SUBJECTS 19213.41 ag -- - -
_ Trials (TR) 4324.19 2 2162.8Y 11.€Y€ -
; ,‘ TR 1 MIC 12.5¢ 2 6.75  .¢37 NS
3 TR x TING 74.5% < 37.1€ 221 NS
, , TR x MIC x TNG 12.0¢ Z €.S <235 NE
Error(w) 1476€ .40 &8¢ 184 .EY - -

[ *% SIGNIEKICANT at p < .£5 ]
[ NS: NOT SIGNIFICANT for p < 2.2% ]
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icrophone Experience: [Lxperiemcea vs. Non-experienced

! ‘g’ Training Methoa: Supervised vs. hon-supervised

Triais: Week #1 (Words 1-12€)
Veex #< (woras 120-1)
Weex #2 (words in random oraer)




Mean total error rates for wmicroprhone and non-—

ricrophone exgerienced users 1s sunmarized in Table VI. The

aefinitive decrease in error rates by time will de discussed

laver in the review of orerational characteristics.

TABLE VI.

#EAN TCTAL FRKEOR KATXS KGR JCB FUNCTICN BY WEEKS
{(in Percent)

o ———-————— b —————- bt ————— + -
H i MICROPHONE { NC MICRCFHCNE | _ H
\ ! EXPERIENCE ! EXFERIENCE ! X WEEKS E
|m————————— torme e c - ——— P ————— + '
| WEER #1 i 7.04 d 7.78 ' 7.41 '
ettt torre e ————— e ————— + !
| WERK #Z ! E.23 ! 6.71 ' €.47 ]
. bmmmm e —————— bmemm—— e —————— bmm—m—————— !
i WEEK #d ) 4.79 ! 5.4y ! 5.89 !
| o m——————— b ———— e, —————— i — 1
i £ JOB 4 H i i
i FUNCTICN | €.82 ! €.68 ! .32 !
trmm o ————— o ——————————-— o e o o e e e + - +

3. Branch ot Service

Three trenches of service were represented in the
experiment with civiilan subjects categorized as a fourth
oranch. A Kruskal-¥allis test tor k > £ sarples was used to
determine it apy dlfferences existed. Table VII proviaes
the synepsis o resvlts. The pull hypothesis, that ©branch
of service will rot affect recognition accuracy, 1s clearly
rejected. Multiple ccmpariscns were rade 110 determine
betweer which pairs of pmeans the differences occurrea. The

results oY this test iandicated significant ditferences

petweer Army/Navy and Army/Air-Force. TLifferences between
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Civilian/Army, Civilian/Air-Force, Civiitan/Navy and

Navy/Alr-Force were notl Significant.

furtker 1ipspection of these results indicatea
poscibdie contfcunding due te experience with volce
recognition equiprent. All Air Force personmel and & out of
€ Navy perscnnel were experienced users. Segregating the
experienced ana naive users 1into serarate categories and
then recondauctiing the apalysis ter attfect by branch of
service saowed nc statistical sigeificance (Table VII).
Using the «c¢original bhyroiheses estatlished, the ntll cannot
re rejected in eitaer the nalve omnly or exrerienced only
cases. Mean error rates by brench of service for asll, nalve
ouniy and exyrerienced cnly subjects, are rresented

graphically in Figure 13.

TABLE V11
AFrECT BY BRANCH O} SERVICE

b e m - _———- - ——— — +
' i ALL SUBJ&CTS | NAIVE | EXPERIENCED 5
jmrmr———— e e ———— o ———— +- !
X Type ot i Kruskal- i Kruskal- | Kruskal- i
! Test i wWallis ! Wallis | Wallis
e o, ———————— torm—— - —— o e e e o !
i Alrha : L5 1 .2S 1 WDE i
e e Lt b e —————— b ————— e ————————— !
! Test ) i | |
i Statistic | 11.9¢ ** | 2.79 ! 23 |
T o ————————— trec e —— o ——
i Criticel i i i i
i Level H <LE?75 H .25 i .9¢ '
- tormc e —————— e ————— - m———— - —— !
! *% = Significant at statea level of significance '
<+
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Flgure 12. Mean Error Rate vs. Pranch ot Service

{ 4. Jot and Service Satisraction
Svojects were divided intc tcur grcups based vuper
i »'\ tneir sutjective responses ana included:
’ a. Persomns who dislixed c¢neir jobs
‘ o. Thcse who were borgerline or npeutral in tkeir
) teellngs
¢c. Individuals wno Liked their present job
i d. Fersons who inaicatea a very daefinite 1iging of
, their job -- liked tneir jobt very much
; The attained test statistic (Taole VIII) 1leads +to the
' aecision that tpné nuil hypotihesis camnot be rejeciea. The

vorrelation ccefticient between the two variables was not
sigrificant and it 1is concludaead that there is no apparent

correlaticn beitween the satistactioa a user has ftor his/her
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TABLE VIII
AFFECT BY JOF/SERVICE SATISFACTICN

o ——— - B D b rrr e, — -~ ——-——-————- +
i i JOB SATISFACTIUN | SERVICE SATISFACTION E
e rre - —tm—— - —————————— e fom e e ——— !
vITypre ot Test | Kruskal-Walilis |} Kruskal-wallis ]
e — e e ———————— $ommmm— e e ———
4 Alpka i 1) ! 2% !
i ————————————— W e e o - - - }
i Test i i !
i Statistic 4 .60 H .21Y9 |
(memmm——————— b tommm———————— —— !
v Critlcal | i !
i Level : .20 ' > i
R et o mmmrr——————————— e, ——————— !
i Correlaticn | ! ;
. Ctoefficient | .B1€ ! 041 i
| = ——————— P e s acm—a————- e e e e - ———————————— -
) ** = Signitricant at stated level ct signiticance !
4 om o e e o e e S - A= e T G - > S Y " e S T = A oy o e Y S -+

current jct anc how well that user will perform with vcice
recognition equi;rert. This fperticular humac factor is
uevertheiless worthy ot turther examigation in the tuture iz
terms of vsers wncse current ot entalis tke day tc day use
of voice equiprment.

Iu the apmalysis ¢: tae attect service satvistaction
nas c¢a reccgniticn accurécy, the 2 civilians were removed
rrom the sarple population. Subjects were anow dividea into
ihree grcurs tased vupcn their subjective respenses and
iacluaed:

&. Thcse who are unsatistiea or don’t care

b. Those who are reasonably satisfied

C. Those who are very satistied with their

respective service

N . . te .
AR "‘bﬁ«,,&i”ﬁ-‘;"ﬁ N
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The test statistic (Tanle VIII) reveals no significent

citference between groups and iaerefcre the pull hyrothesis,
that the degree of satisfaction a speaker derives fror being
in 1ke armed services willi notv attect recognition accuracy,
cannct be re jectled. Correlation between service
catistaction and total error rates, as tefore, was not
csigniticant, thus 1inaicating litiie or ©ne ccrrelaticn
tetween the rarndop variavbles,

¢. Previcus Ccrputer Experieance

Subjects were subjectively diviced into tour g&roups
pased upen their response tc¢ questica #32 in User
Questionnalre #1 ana 1acluded persors with:

a. Nc experlerce

b. Very little experience

C. SoFe Or roa€rate experience

d. Ccnsiderable experience (data precessors)

The enalysis prcviaed a test statistic (Table IX) whick
resulted inr the rejeciicn ot the nuil aypothesis aad the
conclusior that previous computer experience will affect
recognition a&accuracy. #ultipie corgparisons were pertorrea
10 determine which pairs of means differed. Significant
dirzterences occurred between users with, no and consliderable
experience, very iittle and mcaerate experience, and very
little and considerable gexperience. These results
gercnstrate that pcssessicn of experience with data/keybcard

inpuvt proceaures provide a bigher recognition accuracy.
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Explanation tor this occurrence may be atiridbuted 110, for

——

example, a data fprocessor’s awareness of the time involved
tor manual entry and the associated error rate as weil. The
advantages that volce input offers 0 1tLose computer

: exreriencea personpel may well be a psychological or

metivaticnal tacter in addition to its presence as an i

occupational characteristic.

These resulls are tfurther substantiated ty the

; corputed correlation coefficient. Ferforring a one-tail
! test tor pegalive correlation with the existvence o0f mutual
independence as the null hypothecls, we were able to reject

tais nypothesis apa conclude that &s corputer experience

iacreases, recognition error raetes will cdecrease (Critical

-

: Level: << .9¢1;. Graprical representation of mwean e€rror
‘ I rates tor the tour groups are shown ia Figure 14.
‘ TARLE IX

l ! AFFECT CF CCMPUTER EXPERIENCE

D el et e o o e e e e e e e e o e e e e +
! ! COMPUTER EXPERIENCE i

e e el bbb e itk -

X Type of Test i A;uskal-vallis E

|me e e ————— e ——————— - ——— - !

i Alpha ' 2.05 {

: e et Db D tem e ——— —————— -

: ' Test Statistic i 14.287 *x !

- | e, e —————— e L L L - !

o E Critical Level ' < e85 a

[ Batatetaintababstatetatatnt st b tom e ——— - |

. i Correxation H !
; Ccetficient ! -.516 ** i

el bbbttty Dbttt - ————— -

d *%® = Significant at statea jevel ot signiricance !

e e e, e e, e e — -~ —————— ————————————— emcccrm e n—————— -
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Figure 14. Mean Zrror Rate vs. Computer Exrerience

6. roreign Lenguage Competency

Reccgnition accuracy was ccorrared tetween 1Wo
groups, these with a tluent pretficiency in a roreigrc
lenguage ana those witaout. 32 subjects possessea 1ac
capablliity in & seccna language, whereas 1l were COrMLpetent
in one or more larguages. 1The meaier total error rate for
both g&rours was 6.28%. A two-samile necn-rarameiric test,
the Mann-wkbitney, was rerfermea tc detect the existence cof
any aitterences ocetween the two grcurs. The computea test
statistic (Taoie X, clearly shows no signiticance st the .¢5
level ana thererore, the null hyrotvhesis canunct be rejected,
The criticael regione for this twc-tall test includeda values

ot the test staiistic iless tham €72 or greater taan 814.8.

.




TABLE X
AFFECT CF COMPRTENCY IN ANCTHER LANGUAGE

e m .- - - - Fom e - - e o e e e e +
e . TOREICN LAKGUAGE 5
tpeorTest i ram-wnitney |
o M L |
- | i Test St;tistlc i 7€4.5 i
__erisieai ever T e
E *¥ = Siguificant at statea ilevel of signitficaace i
i

C. OPERATICKAL CHARACTIRISTICS

1. Hypotheses

.i The following hypotheses apply to the operational

characteristics unuer which the sutjects were tested.
. AY
{

a. Hgt The methoa of training a wuser for voice

_ recognition operation (surervised versus

i non-supervised, will rot af?ect recogniticn
accuracy.

h,: tethoa ot trailning will artrect recognition
accuracy
D. Hoz The tire of aay ir which a user trains the

equlprent will Dol attect recogunition
accuracy.

; H,: HRecognition accuracy of the user will be
4 : atfecied by tne tire ot day in which he/sae
- tralas the veice reccgnizer.
|
!
; Y4
|
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) .»_..;»w“f;‘.;.‘\_.é{-"“‘fg_{_.}i;é’ T

—— L W T




c. Hy: The reriod ot the week in which the user
trains the equiprent will not attfect
recogaitior eccuracy.

H,: The perioa otr the week 1in which the
equipment is tralned will artect
recognition eccuracy.

d. 8,: Experieuced users will acquire the sare or
greater error retes then inexperienced
(uaive) users.

b,: Experienced users will have lcwer error
rates than adlve USETS.

Hgo: HRecognition accuracy will not te azfected
by weekly experience.

A user will demonstrate reduced error rdates
{(decreasing trend) as experieaced will
vOice recognition eguiprent increases.

€. Hhgt The ojeraticunal ease wilb which voice
reccgnliicr e€quipment may be used will have
no affect cn reccgnition accuracy.

Hl : zase o0f use will attect recognition
accrrdcy.

2. Methca of Traeiripe

The results c¢¥ the experiment for users receiving
€either supervisti or onon-~supervicsed trainineg are aepictea
&raphically in Figure 15. Users who received supervision in
the trairing moae fared significantly better than those who
11d 3ot. The anmalysiec ot variance tatle (ANOVA) in Tatle V
sutstantiate this claim, proviaing an ¥ ratio of 4.B8€8 and a
critical level <o¢t approximately .@3E. Thus, the null
bhypothesis 1s rejected ana we ray conclude that the method

of trainiug does attect recogmitionm accuracy. Mean totail

y
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errcr rates ftor supervised and non-supervised users are
surmarized in Tatle XI.
i
E.¢ -}
}
]
7.0 -}
i (?7.41)
e.‘l. -=
I
{
MEAN 2 E.¢ -
ERROR | (£.23)
RATE 4.0 -|
]
]
% : S.¢ -,
i i
c.¢ -}
|
1.0 =| ;
! |
h " e.@ tomm—————— : ------------------- : ------- ;
k Supervisea Non-Supervisea
Tralcing Tralning
i , Figure 1£. tean Error Rate v¢S. Training Methoa
TAEBLE XI.
MEAN TCTAZ ERROR RATES FCR MITHCI C¥ TRAINIMNG RBY WEEKS
(in Percent)
E + o e e b m———— - - v = o o s 2 e o e o s o e e e e o
; : | SUPZRVISED | NCN-SUFERVISED | o |
| i TRAINING ! TRAINING ! X WEEKS |
j | ———————— frm————————- o o o o e e o e om0 -+ — -1
1 i WERK #1 | €.21 i €.64 : 7.41 |
. | m———————— tmm—ec e ——. —————— o ——————— e ——————— e ———— !
R R takatas bt ——— e e e e S !
| WEEK #& ' 4.17 H €.42 ! £.0y H
| e e b e - e ——— -— -!
i X JOB | ) i i
; ! FUNCTICN | £.28 ' 7.41 ! €.8%2 |
e ————————- bt e, ————— trmmr e ———— ———————— + +
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3. Tire ot Lay and Week

Subjects were blocked by time of day; morning and
afternoor, and by time of week; early (Monday-Tuesaay), rid
(Wednesday~Thursday) or late (¥riday-Saturday). A Mann-
whitney test was performen~ to daeterpine 1if differences
existeq tetwveen the two time of day groups. Morning wusers
bad & realan error rate of £.1% while afternoon users had a
€.€7% error rave. Eecavse ot -equal sarple sizes, a
parametric t-test was performed tc confirm results of the
aon-~rararetric test. The presented in Table XII will not
allecw us to reject the nuvll hypcthesis. Critical regions
ror the Manan~-¥hitasey test iuncluded values of the test
statistic less thar 411.% and greater than S578.%.

With taree groups in the tire ¢t week variable, the
analyslie wuvilized the Kruskal-Wallis test for determination
of differences amrong the groupsl The pnrll bypothesis cannot
te rejected with a test statistic less than 5.9, for the
Chi-square value with 1two degrees of freedom. The
correlation ccefficient was found tc bde signiticant at the
D.2%Z level in ¢ test for negative correlation. A prematvre
corciusien that training occurring in the latter portion of
the weex would yield 1lower error rates arpeared to be
coLuter-intuitive, It was thought ¢that ftatigue, and
interruption of a vweegena would result 4in poorer training
ettorts acd hemce ilead to higher errcr rates im the future.

Upcn further apalysis, this reversed ccrrelation was found




b j PSP,

e LT AR PR
1 . R ot A g
. a8 R At e o .

10 be the result of possiblie contcunding arising from the
large numrber ot experienced vsers who trained in the tater
period of <the week. Eight out of thirteen late weer users
were exrerienced aad with thel:r reroval trom coasideration,
the correlaticn between time of week anda total error rate

tecame statistically non-signiticant.,

TABLE X1l
AFFECT OF TIME OF DAY AND WEEK

e ————————— T Y o e o e e e e e e +
i | TIME CF LAY ' TIME Ck WEER |
e —————————— V. tremc——a—- e !
iType of Test | Maun-Whitney | t-test | Kruskal-Wallis a _
|m——————————— R - ——— + - - ’
) Alpba i ¢.¢5 io€.es | ¢.¢8 : j
Rttt e T P e ———————— m———————— Fomm———————————— . - ! 7
i Test i i \ ' i
i Statistic | 46Y I -1.16 | ¢.14 |
| m——————————— o ——————— tm———————— trmr e ———.———————— !
y Critical ' | l i
; Level ' 275 Po.282 | .28 i
:---—————-——~-+————-—-——--—-—+———--——-+—--——-—-—---—-——-—-{
, Correletion | | ] |
, Coetticient | AT P.29 | -2.€7 **® '
(e ———————— Fmm e ————— ——————— o e !
d *= = Sjgpificent at statea level of significance i
o o o e e e = o e e e e o e e e = = e e e o +

4. User Expsérience

Two sets of hyrotheses ip Section V.C.1.d are
inccrporatea intc this phase of the analysis. The analysis
ot the tirst setv was pertorred using the Manp-whitney test

and the associated resuits are surmarized in Tablie XIII.

The meaian error rates tor Qaaive users was 7.26% while

| experienced wusers attained a 2.75% error rate. Both groups
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haa equal numpers of supervised and upsurervised users. 7The

correlation ccerricient yleilded one c¢cf the sircrgest

correlations between two variaoles within the exreriment.
ke null hypothesis cam be rejecied aoa 1t is theretfore

concluded that experience will affect recognitiorn accuracy.

TABLE XIII
AFFECT ZUE TC USER EXFERIENCE

T tmmmm—————————— s tmmmmm——m———————————— ————

f i | EXPERIENCE !
! R e P P o —————————————————————— - -1
| Type of Test H Mann-Whitney i

P | e - ——— e e e ——— - - = o o e e e o e H
i Alpha : 2.05 ’.
e s i ket et sttt et '

. i Test Statistic | EE€Y.p ** |

! e ——— e ———— - - o ———— - ————————————— — !

{ i Critical Level i < 2001 i
bttt it Fo e e e e e e i

‘ ; Correlaticn { |

i i Coefficient i -.59y *= i
] | e e e e e e ——— et e e e o e e e e e e e e e 1
i |

i ! *¥ = Slgnitricant aiv stated levei of signiticance |
T o e i e e B S . B e W S T 2 e R i > . e O - +

The apalysis ot the second hypothesis ot V.C.1l.d 1is
aepicted grarhically in Figure 16, (Trials oy Job Function)
E ‘ 5; and Figure 17 (Triais by Training Methcd). In each case no ﬁ
| interaction is present, with the weekly error rate showing a

steady drop ¢f aprrroximately .8 t0o 1.4% each week, This

' - graptical interpretation 1< proven statistically 1in the
ANOVA presentea in Table V. That is, the F ratio is well

above the 3.11 requirea for & ievel of significance of 2.85.

ST R TR T e T

The null hyyothesis i1s rejectec and it 1s concluded that
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users will imprcve (reduce) their errcr rates thrcugh weekly

iteration. This conclusion was further veritiea by

aprlication ¢t the Cox ard Stuart Test tor Trend. The
following corparisons were made tetween:

a., Wweek #1 and Week #2

b. Week #< and Weex #9

c. Week #1 anda deek #Z

A~ e
Ey

In atl taree cases, the null hypcthesis, that there 1is no

; downward trena, was clearly rejected.

5. Lase of Use

Fasea on subjective responses by those participatirg
) in the exjperirent tour grours were categorized. They
' | _ incluae:
a. U<cers who consiaer voice recognpition equirrent
difricuvlt Ic use.
op. Thcse who hadq no opinion either weay. %
¢. Users who stated tpal vcice equipment is easy tc

USE€E.

d. Thcse who teei that voice recognition equiprent
{s very easy to use.

The results of this analysis are surmarizea in Taole IXIV.

'. The test statistic 1s less <than the Chi-square value of

S Y.4z& with three aegrees ¢f freedaom ana therefore the nvll
.| caanct be rejected. The computed correlation ccetficlent 1s
‘ Lot significant at the 2.9% level.
. 1¢1
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TABLE XIV
AFFECT DUE TO EASE OF USE CF VOICE EQUIPMENT

e e - - - .- - - - o e e s o e i e € O +
i i EASE OF USE H
ety e ittt f
' Type of Test ' Kruskal=-wWallis i
R ettty e e e e s e c e |
! Alrha ; ¢.25 :l

) | e - e ——- e e s e A e e - > - ———— - - )
i Test Statistic P 4.814 |
1 e e e e o e o e o e e o e e e o o e ot e e o e e e e e e 1
1 ]
i Critical level ] > W28 H
[ Shataiesiatinttennbtes e Aesiaiataiadad it el tintatdaiabd it idaietedeintec b Sttt :
i Correlation ! )
' (oefficient i 157 |
Rttty Ho e sesmemee—— e i
' #*¥ = Significant at stated level ct signiticance '
........................................................... <+

L. PERSCNAL CHARACTIRISTICS

w 1. Hypotheses

Tobe tollowing hypotheses were tested rpertaining t¢
the persconal characteristics cr vcice recognitiorn users:
‘ a. By ¢ Kace ot +the wuser wili oot attect
; reccgnitior accuracy.
B, : A aifference in recogpition accuracy exists

bpetween users ot aitterent race.

B b. kg: The marital status of <the wuser will not
arrect recognitvion accuracy.

hy: A user’s marital status will have an attect
on his/ner recognition accuracy.

Hg: Size of a user’s vrarily will not attect
recognition accuracy.

H. : Family size will have an affrect on
reccgnition accuracy.
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c. He: The religlous preference/backgrounda of @
user will have 1nc¢ attect on bis/her
reccgnition accuracy.

H,: A user’s religious rreference/background
will artect recognition accuracy.

{

: . a. Ly: A person’s accent will mot affect his/her

, recognition accuracy.
!

P H,: Accernt attrects recogniticn accuracy.

|

; €. Hy: The place of birth ¢t a vser will bhave no
attect on reccgniticn accuracy.

; E,: Orne’s place of birth affects recognition
accuracy.

hg: Taoe gecgraphic crigin ¢f e person will not
J artfect his or her recognition accuracy.
‘ H,: A perscn’s reccgnition accuracy will te
atffected by gecgrépnic origin.

} Y. hLy: The level cY educaticn an irdividual has
attainea will nov atfect his/her
reccgunitvion accuiracy.

‘ H, : Education level of a vser arrects

: ! recognition accurecy.

8. Hp: The Socio-econoric class of a user will not
atfect recognition accuracy.

Hy: L vuser’s reccgnition accuracy will e
atrecred by socle—-eccnomic class standine.

B. Hy: Past oral-surgery or orthodontal care will
not attect recogniticn accuracy of the
user.

f : H, : Recognition accuracy of ine user will bve
attected 1t he cor she has vndergone oral
surgery or orthodontal care.

——— L TR T




2. Bace

Twe racial backgrcvnds were represented in the
sarpled tropulation. Thirty—-elgbkt Caucasian and six hegro
subjects rarticipated in the experimentaticn,. The median
totel error rate for Cauvcasiar personnel was €% end €.6% for
Negro users. A Manp-Whlicey test was pertormed tc detect
the presence of any difference between the two grouvps. The
talculated test statistic (Tatle XV) was nct significant a:
the .0% level apd the null byrothesis ceannot be rejected.
Critical rezlions ror the test statistic {ir +this two-tail

test were values less than 797 apd greater then 9Ylz.

TABLE XV
AFF¥ICT OF RACE ON RECCGNITICN ACCURACY

e — e — e ————————— ——— e e, — - - - - - ——————— - — +
; { RACE !
| Tre or Test | Napo-Whitmey |
o slppa T T e T |
T Test staviscic 1 est0 ’
" criticar tever 1 .oeal ]

S. Marital Status and Family Size

The sarmple population copnsistea of 14 single, 2§
rarrieda, & aivorced, ana Z other {separated, widowed)
personnel. A Kruskal-Wallis test ftor k¥ > 2 samples was used

1o detverrine if apy differernces in means existed beilween the

1¢a
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groups. Eecause the compuied test statistic (Table XVI) 1is

less than 7.£815, +the tasdviated <chi-c<quare value with 3
qegrees of freedor, the null hyrctihesis cannot be rejected.
ko correlation coetticient was computed for marital status

{ _ dauve to the nomipal scale of reasurement.

TABLE XVI

AFFECT Or MARITAL STATUS AND EAVMIIY SIZE

e ——— B —————— B S +
: | MARITAL STATUS ' FAMILY SIZE ;
jmmm—————————— ey e m e ———— —————]
' iT/re ot Test | Kruskai-wallis H Kruskal-Walliis '
Rttt L o mr e e e ———————— !
] ; Altha | .25 ! .25 !
| ———————— jemm e e e mrmr——————— o r e - ———————— !
! Test ! ! !
4 | Statistic ! 2.€1 | .219 !
"\ | ——————————— tmm e ———— - e m e ——————————— !
! Critical ! '
| : : !
+ +
) Corretation | '
Coefficient | |
+ +
e

The sarple pcpulaticn sutdivided
for family size with a renge from vo children to subjects
havizg four or rore chitaren. A Krvekal-Wallie tecst was
egain veea tc¢ determine I1f @& aifference existed and as
betore, the pull hypothesis <canmnct be relected, The
computea ccrrelaticn coetticient iraicates rutuel
independence tetween tramily size ard total error rate of a

volce reccgnition user.,
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4. Hel;igous Freference

Although a diverse variety ot religious preterences
were enurerated by particiraticg suvtjects, scre were pcoled
to preclude nurerouvs samples sizes of Jvst one person. For
example, Methcdist and Episcorallan vere cortined iate the
Protestant category and so forth. In all, six ¢croups were
represented and 1included Cathclic, Pretestant, Jewish,
Bartist, Mo Prefererce ana Otters (thcse ‘ho covld rot be
readily grcuped into cne c¢f the afcreme 1ioned cateepcries).
Usirg the Xruskael-Wallis test to che for differences
petveen reans, the obtained test statis .. Table XVII) dces
not allew for tke rejecticn of the nrull byvrorhesis.
Theretore, it ray te couciuded that the religious preferenrce

of the user will not affect his/her recognition 2ccuracy.

TABLI XVII
AFFICT OF RFLIGIOUS FPYFERENCE

e m e —————- e o e e e e e e e e et e e o e +
' ' RELIGICUS PREFRERINCE
. o ———— - - o e e e e e
! Type of Test ! Kruskal-wWallis

e e T P PP e m e e e ———————— - = ——— —— =
! Alpha ! 2.05

: ————————————————————— + o o e e e - —————— -

: Test Statistic i .25

s e e —— e e o ——————————— -

' Critical level i > .28

' % = Signiflcant at stated 1eve1 c? significance

o e e i e e e o o o e -— - —
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5. Accent

Ten subjects possessed <some type of noticeatle
accent, as deterrined by the subject and experiment
adrinristrator. Seven were Scuthern and three were
categorized as Cther (Srenish, BRostonian). Remairing
cubjects were tlaced in a ‘No Accent” grcup. The reccltant
test statistic (Table XVIII) was <clightly less than tre
tatulated Chi-square value ¢t 5.991 wilth two degrses cf
freedor. As such, trhe null hycothesic canrot be relected.
An additional check was acccerpiished ty cortining the 1twe
accent grouns into ore generic entity ana nerformine a
tann~-¥Whitney test 1ec detect a ditference bertween the 1ve
groupe. Agair thke null hypethesis cannct re rejected at tre
ctated l=svel of significance. Correlation anelysics wes not

rer*orred due to the rcminal scale ctf weasurerent.

TABLE XVIII
AFFEICT OF ACCENT ON RECOGNITICN ACCURACY

P - - ————— 4 o e o s e e e e e e e 4 o o o s o e 2 e e e o o o e o -
i ' ACCENT : ACCENT !
! ' (3 eroups) ; (¢ zreups) !
R N b e e !
iTyre ot Test | Kruskai-Wallis | Mann-Whitney '
O U dm o o e e B !
' Alpha | .0& ' .JE
- toe e tmmm e
' Test ' i

! Stetistic | £.72 ; 704
e - —— - e e e e ————t e mrm— e e e —--——————- -
' Critical ! !

H Level | .QE% " 09

R atatadate T e o, ——————————— o e e ——————————
! *% = Significant at stated level ¢f ciesnificance




Althouvgh the null 1s not rejected, the critical level s
sutticliently close to the stated Llevel of significance.
Thus, rean error rates are iliustrated in TFiguvre 18 fror

further eraminatiorn.

(11.4)

MEAN 2 £.0 -
ERRCE ,
RATE 4.¢ =

\
Ne Accent Souvthern Cther
Figure 18. Mean Errcr Rete vs. Accent

€. Place ot Birth anrd Geographic Orieiln

Subjects were askea to previce thelr state of birth
and their responseg were subsequentiy classitied into one ot
the fcllowing six seneric groups:

a. Qverseas

b. Northeast United States




c. Scutheast United States

d. Mid-Central Unlted States

e. Scouthwest United States

f. W¥Western United States
ArFlying the Kruskal-Wallis test to the corriled date, the
obtained test statistic (Tatle XIX) 1is (insvfficlent te
reject the stated rnull hypothesis.

Pecause a per<on’s vnlace o¢ birth is nct rececsarily
the environment 1in which that individval grew wp in (le.
during ages 2-18), data pertalaning to geograrhic oriein was
also tested to determine 1if any negative affect wecnla be
encountered. The geograrhlc areas vsed were the sare as
vlace ¢# tirth. Calculated results peirt te the care
conclusion; the rvll hbypotkhesis of Section V.D.l.e. canrnet

te rejected.

TABLE XI1
AFFZCT CF PLACE CF BIRTH AMD GECCRAPHIC CRIGIN

- - . ——— Y —— Y - -

]

1

!

Tsre of Test i

............. e e e

Alpha ! .38 !
| ————————— e L —— -1
! Test i !
! Statistic | £.32 !
1 o e o et e o o | e o o o e e o s s o S 2 e e = ]
t {
' Critical ' !
! Level ! > .28 !
]
1

| ————— e o o o o | m——————
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7. Level of Equcatior

The sarrled rorulation rartitioned into the

follcving *ive categeries:

a. HRigh School gradvates.

b. Individuals with 1 te ¢4 years ¢t cclleege tut ne
degree.

c. College graduates.

d. Individvals werking toverd a graduate dezree.

e. Persons accorded a graduate dc=zgree such as a

Masters cr loctcrate.

The adata ottaineq trom the tive gzrcurs was tested
fer any <¢igrificarnt di?ference tetweenr grcups. The tect

A

statistic (Tavle XX' leads to the rejecticn <t the rull

X%

kypethesis arnd the <conclusion <that lewvel o edrcaticn

effects the overall error rate for vcice recoznitior wusers.
A relatively strcne rpositive correjatiocr exists with a
critical level of €.22F€. Thkat 1is, as tbke individual
increased 1in 1level of eaucaticn, a cencoritant decrease in
errcr rate cccurred.

Mi:ltiple corparisons between the variovs grovpe
cshowed the rredcrinect influence tc be sradvate students.
Further examiration indicated pfossiole confouraing due tc
that grour’s prior exrerience with voice recognition

equipment. Eleven cut twelve graduvate studente were
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TABLE XX
AFFECT OF LEVEL OF EDUCATION

R T . trm s m—r e ———————————— R - +
| ! TFDUCATICN (ALL) ! FEDUCATICN (NATYE) g
e b m e — - ————————- b~ = —— ——— — f
sType of Test ! Kruskal-Wellis ' Frusgal-Wallis a
T drmc e —————— dmmm————— — '
! Alpha ' .25 ! .25 i
T P S e e —————————— o ——————— - !
' Test i , | '
! Statistic | 14.3Q¢ == ' .18 !
et drm e ————————— o !
i Critical ! ! !
: Level ! .21¢ { > .25 !
HE e o e e s e e e e e e e B e !
| Correlation | ! '
! Ccerticient ! -.360 *= ! 2€3 '
oo PO S - ! :
! *% = Significent at stated level ot siznificance ! |
o o = 4 e e i i S e = e A e e e e = e +

experienced users. These experienced users were cstirirred

cut cf tke sarple and the Kruskal-Wallis test aprlied tr
only those that were naive to voice techunolcay. Usirz the
. sare hypotheses, the cbtaired test statistic dees net allew

. . for the rejlection of the null. This, and the recomputed

: i correlation ceetficient ccrreterate the thecry c?

cenfounding end the earlier conclusicr is now amrended to

state that level ot eaucaticn wiil not aftfect reccenition

accuracy. Mean error rates for all educaticn levels are
shown graphically in Figure 19. Error ratec tor both, tectel

sarple pcrulaticn and naive users cnly, are inclvded.




! 2.2 - (5.73)
[}
. Z.¢ -
' e = All Subjects
1.8 -1 === = Naive Subjects
; 2.6 4---l--vom-oe | e m————— [mmm————— | m—me ,
High 1-4 College Grad Grad
' Scheel Ccollege Graad Studernt Degree

Tigvre 19. Mean Irror Rete vs. Tauvcation

h
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e, Sccic-eccncric Class

~' A veriety of soclo-econoric clesses were presented
tc the rarticitacts for selection with one of the tollowize

tive chceen bty each subject:

a. Urrer Lower class

t. Lcwer riddle class
c. Miadle class

d. Urrer riddle class

|
|
1
B e. Lcwer upper class
l
!
|

The analysis of total error rates for tkese five grours

(Table XXI) yielded a test statistic that would 20t allow

ray te

for the rejection of the null hypothesis, and 1t




coacluded that socio-econoric class will ©pot attect

racogniticn accuracy, The negative correlation indicates
that individuals of a 1lower socio-econopic class tend to
acquire higher error rates althougd the coefficient 1is not

significant atv the 9.25 level (critical level: 2.158).

TAELE XXI
AFFECT OF SOCIC-ECCNCMIC CLASS

B L e e e o ———— ——— - —_—
i i SCCIC-ECONOMIC CLASS i
e e e L e m e — e, —————— -1
a Tyre of Test ! Krueskal-wallis :
R ettt - e ——————— '
! Altha ! ¢.e5 {
= e — - ———— tr e e e e e —————- ———— !
i Test Statistic ' 1.98 5
: ---------------- e e e e e e e e e e e ——————— i
' “ritical Level ! .83 !
e e $mmmmmm e - !
! Correlaticn ! !
3 Coefficient ' -2.152 !
e sEsseseEsSsssssnTEe~m e e e e e e e e S - ——— :
' ** = Sigri¥icart at stated level c¥ siernificance |

9. Dental

Suibjects were querled as te thelr histcry ctf dental
care, in rarticuler, oral <csurzery and/or orthodontal
ccrrecticn. Twe grcups resulted vpecr whecese deta a Mann-
Whitney test was rerrcrmed to deterrine if any difterence
existed tetween them, The »puil hypcthesis cannct be
rejected due to the cormputed test statistic (Table XXII).
Critical regiors fcr the test statistic 1included values

sT€ater than 714.€% and less then ETE.21.
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TARLE XXII
AFFECT OF PAST AND/OR PRESENT DENTAI CARE

3 DENTAL CARY

- ——— - —— - - - - - - = - - - - -

'
!
i Type of Test ' Mann-W¥hitney
) | e - — e et —— e e e e e )
| i Alpha d g.es !
! e + -!
| Test Statistic . €28.5¢ |
| e e e ce————— - — - —— —_— -1
] 1
' Critical lLevel ! Q€43 |
= ——— e e e— e e e e e L L DL '
' *% = Significant at stated level of significance :
o e o e e e 2 e o e e e e e o B e e e e ———— -+

- ¥, PHYSIOLCGICAI CHARACTERISTICS

1. BHBygrotheses

% The tollowing hypotheses fertainisg tc  various
) rhycicloeical characteristics ot volce reccgniticr equipment
5 | USErs were tested.
a. Hg: The user’s age will nct atfect his‘her
‘ recegnitior accuracy.
f ! H,: Age will affect the total error rates c¢f
users ot voice recognition equipment.

b. Hp: The height anda weight of an irdividvel
using voice technology will =rnot atfect
overall recogniticn accuracy.

H,: Recognition accurecy will be effected by an
individual ‘s weight.
| -

c. HBy: The vital capacity eana rate of air flerw of
a user will not atfect his/her recoganition
accuracy.

!
t
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Recognition accuracy will be affectea by @
person s vital caracity apd rate of ailr
flow.

d. B_,: The overesll physical copdition of the wuser
wiil not atftect his/her recognition
accuracy.

Recognitior accuracy will affectesd by one’s
physical ccoandition.

s - |

Bo¢ Fecrmel speech and/cr voice treinine will
nct atftrect recognitvion accuracy.

B, A user’s reccgniticen accvrary will be
affected by any formal sreech or volce
training/therayy.

2. Age
L ]

The sutjects ranged in age frcr 2@ to 47 and were
divided irtc Zfive grcups for purpeses ¢f the analyels.

These groups and their mean €rror rates are:

a. 2@ tec 24 (4.€£%)
b. 285 to <€ (7.22%)
c. 27 to 31 (7.1%5%)
d. 32 tec 2% (5.73%)

€. 26+ (6.10%)

Thecse *ive grcurs were 1tested 10 detect <or di¢ferences
arong their reans. The obtained results (Table XXIII) choaw
that the null hyrothesis, stated abeve, cannot bve rejectred
and that the two variables, age and total error rate, are

rutually icderendent.




TABLE XXIII
AFFECT ON RFCOGNITION ACCUEACY DUE TC AGE ;
P P .
; ' AGE ]
- e ———— e ! |
% |__Type ot Tesv i Froswelvailts ’,
e e i |
Ltenswusue 1 EE i
ff § Critical Ievel ' > L0 E
‘ \ " Correlatton T T
| | Ceetticien 0 =.
' ‘ E ** = Signiticant at stated level of sienificance i
’ o e e e e ————————————
. Height and Weight
] “f Sutjects ranged in height frer €2 tc 77 inches.
1 Four grours were generated tor analysis and are listed telow
Q l with their resgective rear errcr rete.
' a. 6€ to €4 inches (E5.4€%)
. b, 65 tc €9 inches (6.67%)
c. 72 to 72 inches (£.z9%)
d. 72 to 77 inches (7.14%)
é The results of the analysis, as surmarized in Table XXIV,
f insdicate <that <the null hypothesis cannot be rejected. The
‘ 'Qr{ small positive correlation coefficlent is not significant et
| the .9&f level and thus the variatles in questicn may te
# j considered to te irdependent.
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Weights of the subjlects ranged fror 118 to Zef
rounds. Yxamination tor some natural “break’ points in this
range resulted in the creation of the following five gzZrcups
: and their corresronding rear error rates.
1 .
o a. 112 to 125 pcvnds (€.4€%)
|
| [ b. 12€ to 14% povnds (€E.€E%)
f c. 14€ tc 175 pecunds (5.17%)
4. 17€ to 199 pounds (7.1E%)
e. 2¢u¢+ tounds (S5.8€%)
The null hypothesis cannct be rejected, with the correlation
coefticient indicating irderendence between the 1twe
‘g variables.
{ ’ TABLE XXIV
‘ AFFECT OF HEXIGHT AND WEIGHT ON RECCGNTITION ACCURACY
’ + o e e 0 o e o e e o e e o s e e e e o e b ———— - e o e +
' ; | HEIGHT : WEIGHT :
e b ——— e ——————————— e —————————————— !
iType of Test | Kruskal-wWallis i Kruskal-vwellis !
e e b —————————————————— !
‘ ! Alpha ' .05 ! .0¢ !
; Rttt S et —————tee ————
i i Test ' ! '
/ } Statistic | 1.98 ' 1.95 '
| | em $mmme e mteae et
| ; Critical ! ' 1
! | Level ! > .50 ! .75 !
¢f | ——— e —— - ————— tom—— !
. i Correlatioa | ! :
: ! Ccefticient | .121 d .064 '
g e $omme ettt — !
! **® = Sigoificant at stated level of signiticance '
- - —— - T - " Y= T Vo - A S v G - - -
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The similarity in test statistics and correlaticen
coefricients of height and weight ray bYe exrlained ty
observing the correlaticn betwveen heisht and weight 1itself.
A Pearson preoduct moment correlaticn of .821 svegests a
strcng positive associaticn between the two variables arngd
thus serves to confirm the similar resvlts of the analysis.

4, Vital faracity and Rate of A'r Flow

a

The vital capacity of particifeting subjects rarged
f ; tror 1417 to 5725 cutic ceatimeters. The following fcur ;

groups were created: g

a. 1917 to <B8EQ cublic centimeters
‘} t. <EE1 tc 37E7 cubic centireters
c. 3Yz5 to 44E@ cubic centireters

d. 46E8 to 5725 cutic centireters

' ‘ Aralysis for differences between the reans o¢f the verious
groups generated the test statistic (Table XXV) that

resulted 1o the rejectior ¢f the pull hypcthesic. A

correlation tetween increased vital capacity and low error

rates was found tc be signifticant using a cne-tall test fer
negative rorrelation (critical level: .24%).

i The rate o? airflow characteristic had a range of
T 21 to 7Z1 liters per minute. This range was aiviied bdy
tour and the tollowing grours were used for the analysis.

The fcur included:
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a. 212 to 331 litvers/rin
. 332 te 462 liters/min

c. 4€1 to 569 liters/rin

a. 6¢g+ liters/ric

TABLE XXV
AFFECT CF VITAL CAPACITY ANT RATE CF 2TR FLOW

> o . S S AR R | e D G e D G I S S SIS M G S G M W | W e T e S S WP S W W e P A W -

- - ——— | e W O - - | - — G " - . G — - -

]
!

{Type ¢? Test | Eruskal-¥Wallis Kruskal-%allis

1 ] ]

P PR ommeem ——— e o o e o oo o

H Alrha ' .25 ! .25

| } e e e o e o e e e S e e S e e e o . e | o o o o e e o 4 = o e . e G — ]

1 [} i '

' Test 1 i i

i Statistic | f.8E *% ! €.28 !

| e - o - | e o - e o e e ot e P e e o S | e —— - -

L i ] 1

» Critical | { :

H Level ' LR37E ! L2998 !

| e e - o - ——— | e e e e O ——— - - - | 1

] ' { ]

| Correlation | ' '

i Coeftticient | -, 2€7 *% ! -.218 »= !

' ] ] E
t

The test stetistic dces not allow fcr the rejection of the
aull, tut a statistically signiticant correlation
coetticient prcecvides an irdicaticn that as rate ¢? air flcev
increases, error rates will decrease. ¥igvres 22 and Z1
derict mean error rates fcr a¥fects due tc vital capacity
ang rate of airflow. Figures 22z and 22 rrcvide the scatter

Flote wuron which the correlation coef??ficlents were

aeterminea.

l1g




]
i
|
g.¢ -!
| (8.€2
7.0 -
|
1
€.0 -| <~
i i (6.10)
MEAN ¥ S.¢ -! (5.87)
ERROR i
| RATF 4.2 -| (4.19)
! i
3.6 ~|
]
2.¢ -E
t
1 .0 - :
[}
bmm e f e fmmmmmmemmmm o | mmmm
1917-2850 28L£1-27€7 2928-4450 4EEQ-EPCE
(cvolc centimeters)
. Figvre 2€. Mear XIrrcer Rate vs. Vital Canacity

(€.€8)

'
'

!

I

i

¥

i

!

'

i (€.1€)
: (8.02)
1

i

|

f

1

I

)

|

!

]

]

4o — - —

]
212-331 222-4€E¢ 461-599 Eeo+
(liters/minute)

21. Mean Error Rate vs. Rate c¢f Air Flow

122
PR TR e O S AN
e
RN —
L e e, (S, -y e ,._ﬁ‘t




ERRORS (%)
5.0+ L2
- .
12.0+
-
- * t * ® L
: - ® X "%
i 8.0+ * * =
! - * * * *
- * &%
- * * %
- - x * £ x *
4.0+ * * *
- * *
- * x x *
- % *
- *
0.0+
L s St B R A el o
1000. 2000. 3000, 40230. 5000. 6000
VITAL CAPACITY {LITERS/MIY)
{ Flzure 2Z. Scatter Flet Zcr Vital Cavaclty
§ ZRRORS (%)
, . 16.0+ * *
| .
12.0+
- *
{ - * *® x x
i - 2 x x
3.0+ * * *
- * * * ®
’ - * * &
! - - E* * x
' 4.0+ = * *
{ - *x %
- * * % 2
- k ] 3
- - *
. J.0+
O T T R R el Dt L P A e e ek £
200. 340. 130. 520. 760. 900
RATS OF AIR PFLOW (CU. CY)

Figure 3. Scatter Plot tor Rate of Air Tlow

121




—
-

Wi b S Y Yot 6 L e e

The dilerma of a non-significart Kruskal-wallis test
and a significant correlation coefficlent can only be
exrlained by the sublective division of the range »o°5¢f ftlow
rates intn the grcups vused Ycr the aralysis. Plased
grouring could provide a matrix that would yield a
sizniticant 1test statistic t¢c <show a difference tetween
reans but in the final anelycsis, credibvility 2ar this
cheracteristic as a detverrinant in rerconnel selection would
te lecst.

€. Physical Condition

4

Four grours resulteéd trer the subjects selv-
eppralsal of thelir general physicel condition ara include
categories ot tair/roor, average, good and Jutstaadiag
physlical «ccnditicer. Their tctal error rates were examined
to deterrine it a ditterence tetween the grours existed.
The resuvlts rcrresented 1o Tabtle XIVI dec net allew us te
reject the null hyrothesis. adaditionally, 3 negliigitle
correlaticn ccetfficlent presumes the 1twe variabtles te re
independent of one another.

Although a subjective response was the determicant
ter this characterictic, <ceven <cubjecte who had cnldds,
trained the reccgnizer. Their condition was such, that &
distinct rasality was present while they <pcke. A Mann~
Whitney test was rerformed ¢to determrine {t & difference
between the healthy and ‘cold’ srcups existed. The test

statistic of Table XXVI further verifties our previous
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conclusicn; the rull cannct te rejected. The critical
regiors for the Mann-Whitney test correspond to values
greater than £92.6 acd less than 771.4

Firally, the analysis ¢fcr aftect dve tc formal
srpeech therary or volce +trairing resulted ir a test
statistic that would not allow ter the rejection ¢¢ the null
hypothesis, that sreech therary cr veclce training will nct

attect a vuser’s recognition aceuracy. Critical regiots

corresponded teo values greater than E2ZE and less than EYE,

TARLE XXVI
AFFFCT CM RECCGNITION ACCURACY TUE TC PPYSICAL CONTITION

Vo —————————————————— o er———————— trmm— e ——— o ———— +
| ' PHYSICAL ! SPF¥ECH ! !
! ! CONDITICN | TRAINING | cOLT !
Il ————————————————————— b o e - - - -.‘-——-—-—————-_" ———————— {
! Tyre c2 ' Kruskal- ! rarn- ' Mann !
! Test | wallis | ¥hitney |Writney !
ettt o e e o tmmc e ————- dmcmc———— '
' Alvha ! e.es ' .25 ' o.es !
B = - ——— - e o '
E Test Statistic ' 2.57 o 761.¢¢ ! g21.% 5
R e ————————— trmr e - ———— '
i Critical Level ' .48 ' J4E P.268 |
AR e R O :
! Ccrrelaticr ' ! ! !
' Coefficient ' 2.22 ; NA ' NA '
L e TS b ————————— e ey O ——— !
! »% = Significart at stated level c¥ <ignificance i
e - — - - - -~ - - -~ - - —- - -
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F.

PSYCROLOCICAI CHARACTERISTICS
1. Hypotheses

a.

Anxiety will notv attfect the recognition
accuracy of a user.

Adnxiety will affect the total error rate of
a user,

The cccperativeness ¢¥ a speaker will not
attect his/her total error rate.

Speaker coorerativeness will artect
recognition accuracy.

The occurrence of recoznition errors will
not affect overall recognition accurecy.

A speaker’s overall error rate will e
attfected by the psychclegical intluence c¢
ris- and ncun-~recognitions.

A steaker’s teliefs in vcice tecﬁnology as
a tire saving job aid will nect affect
recognitiocn accuracy.

The attitude a person possesses toward the
influence of voice ¢nm & computer oDeErator’s
Job and their willingness 1to use voice
because 0f thi<¢ 1inflvence will af¢fect
recognition accuracy.

The attitude a sreaker kas about computers
and information rpreccessing will have no
rsychological arfect on recogrition
accuracy.

A speeker”s psychological attitude
concerning autoraticnm and data processing
will attect reccgnition acccracy.

2. Psychological Anxiety

The results of the State-Trait Anxiety Inventory are

dqericted graphically in Figures 24 to 2€. Figures 24 and 285
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show sore iundication that individvals with a lewer <ctate

anxiety acquired fewer errors. The relationship tetween
error rate and trait anxiety, shown ip Figure 2€, depicts a
more randomized cccurrence of° errcr rates, Correlaticn
analysis substantiates this In that state anxiety dvurirg
week #1 1s statistically signiticart withk week #2 showing
comre peeltive ccrrelatién but nct significant at the .CE
level. There is no signitricent positive correlation tetween
trajt anxiety and errcr rates.

The ottaired STAI SCOTES vielded a normrel
distributicn and equal sample sizes ¢t high and low anxiety
users. With the besic assurptions for uvse of a perametric
test ret, a twe sanple t1-test wes used to detect differences
between grcups. Additiorally, the nrncn-pararetric Mann-

Whitney test was arrlied tocr purposes of further

-t
wn

verificaticn, hcwever it does nct pcssess the power cf |

m
"4
m

pareametric counterpart. Results of the analysis
included in Tatle XXVII,

In all cases using non-pararetric analysic the null
hyrothesis capnot bve rejected, although the criticel level
shews the test statistic to be juet within the acceptance
region. The aichotomy In the treit anxiety analysis is
interesting; the mrore powertul rararetric test allows the

rejection ¢ the nvll hypcthesis whereas the cppcsite existe
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Figure 24. VYear Error Rete vs. State Anxiety (Week #1)
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Figure Z26. Mear Frror Rate vs. Trait Anxiety

usiecg the Mann~Whitney. In both ivstances thourh, the test
: ‘ statistic 1lies extiremely clcse to that pcint separatiug the
acceptance and critical rezions.

The attrect cue to anxievy may be comsideread as

i

inccenclusive tecaucse of the recultant steticetical analyst

Although showing sienificant correlation in Week #I, any

anxiety in VWeek #Z2 may have teen cvercoeme or masked Dy H

| tariliarity and exrerience with =23uirrent and rrocedures,

2y VWeex #Z ara the administration cf the Trait inventory,
sutjects were thoroughly versed in the exrerimental
f"; prccedure, The 1inccnsisternt resuvlts opevertheless, leave
reason to believe that anxiety has &an arfect on speech and
hence reccgniticn accuracy, bdut the dezree to which it dces

reraine a clouaed issue.
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3. Sreaker Cocperativeness

Sutjects evaluated their degree of cooperativeness
on an iInterval <cale with subseguert creation ot the

following erousrs.

a. Less than cooperative sreakers

b. Moderately cccperative speakers

¢c. Very coorerative sreakers

d. Extrerely cooperative speakers (suvbjects whe

marked the “anchor poinrt’ of the scale)

The results c¢ the analysis are presented ir Tatle XXVIII.
wizh mean errcr rates grarhically rerresented in Figure Z27.
The null hypcthesis 1ls rejected dve te a test statistic
grcater than the Chi-square value of 7.E1%8, Mvltiile
corpariscns arcrg the groups reflect ar erictent difference
between the “less than  cooperative’ and ‘extrerely
coorerative’ sreakers only. Desprite 1indicaticn ot sonre
correlaticn between Ligh cooperativeress and low error rate,
the computed ccefticient is not sigrificant at a .@E level
{Critical Level: €.295).

These results led t0 a turther analysis trom a
perspective of speaker participaticn. That i<, did the
sut ject like rarticipating in this tyre of exrerimentation
and 1f sc, could 1t ©be correlated to total error ratev?
Their sutjective responses resulted in the creatior ot three

generic grcups as fcllcws:
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" TABLE XXVIII
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a. Thcse who don’t care

b. Persons who like to varticlpate

¢. Persons who strongly like to perticipete

In this instance the attajioment ¢t a rositive correlation
indicatineg that <those whc 1liked <te¢ participate écquire
higaher error rates is counter—-intuitive. The rull cannot bYe
rejected based on the computed test statistic ziven in Tabhle
XXVIII. A correlation ot .€3€ tetweep subject respcnses to
cocperativeness and participation 1s rpet as large as was
exrected and as such could, im rart, have 1led t0 the
divergent resuits. Whether these results are duve t¢ willirg
rarticirants trying too bhard tc¢ crerterr well and thus,
having greater thanm usval wTis- c¢r nor-reccgnitions is
uncleear.

4, Recoznition Trrors

Subjects resrcnded tc two cuestiors, orne vperteining
to their teellngs at the time of a ris~recognition and the
cther pertaining tc their teelinss <c¢ver a rcn-rececgrizicn
(beep). Their responses to these two questions were
averaged tc rerresent how they Yelt tcward the occurrence ot
an error éna this led to <the <creetior of two distinct
2rours; those who aon’t like an error to cccur and those whe
teel they are 2ot disturdbed cr tothered ty an error. The

results of the amalysis are summarized in Table XXIX.
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TABLE XXIX
AFFECT OF RECOGNITION ERRORS

T e e - - ————————— —— ——————— +
! ' TRRORS !
| mm——e— e m e c e — e + - - -1
' Tyre of Test ' Mann-Whitney !
| e n e cr e Rl tatadte !
! Alphe : ¢.0% :
| = ——e—eeem—c—cccn— e + e — e ————— - d
{ Test Statistic ! €12.50 E
| e - = ———— + -~ —— -
] ]
! Critical level ' . 2897 '
R e Dt $rm e e - ————
! Correlation ! !
' Coetficient ' -2.225 i
e e e e o $mm e ———————— - ——————— |
' *x = Si{gnificant at stated level of significance i
e e e e e o e e e = e e e o e +4

The null hyrothesis carnot te rejectedr é&na althotgh the
negative <correlation coetticient indicates that those who
disiike errcrs tend t¢ have higher error raves, it 1is nct
significant at an alpka of .@% (Criticel Level: .27).

5. Attitudes Tcward the Uce ¢ Vcice

Cuestions 4, € ana € of User Questionnelre #2 were
used 10 reasure the <peaker’s attltudes toward vcice
technology. The results (Table XxX) indicate a
statistically signiticant <correlation between high error
rates and & ravoratle avtitvde tcward volce recogniticen as 2
reans of saving time and recucine the bvrden on a cargputer
operator. Scatter plctls ot responses tc these questions and
asscciated error rates are deplcted 1in Filzures 28-0¢2.
Multiple ccerrarisons between the grours chewed differences

between those whe weuld always use vcice and those whe wcvld
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Figure 28. Scatter Plot: Mean Errcr Rate vs. Question #4
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selaom use it despite its pronounced adavantages, and btetween
those who telt that the advantazes of voice will give the
Keyhoara operator other jlobs ana those who ailsazree with
such an attitude. Theretore, the nuil hypothesis cannot e
rejected iz terms cf a speaker’s attitude concernine the
inflrence on & data processor’s ‘ob dve to voise
recegnition. Cn the otker 2aaa, a sreaker’s williazness 10
vee veolice recegniticn Dbpecause of his/her bellefs in ite
requisite advantages will artect errcr rates.

As was noted earller, the opresence o0f a positive
correlation agrrears to be cortrary to popular belief, C(Cne

weuld imagine that a user whe believes voice reccgaiticn can

rake the Jjob Of a computer operatcr easier (Question #4),

138




~ would tend tcward better reccgniticn accuracy. QJueericne

s1x and eight were asked for the purpose of determining if

a user”s error rate might be influenced by the sutconscious

thecught cof

| high accuracy and as & result have falled to sreak {1 4
{ ‘natural ° manger.

€. Attitude Toward Corputers end Inforraticn Prorescing

encumterirg additicnal duties ©becavse of the

1 efficlency and effectiveness of voice irput. Bvt, adespite
\ E ‘ the possidility c¢f additional tasks, potential veers still
would prefer voice to manval entry. However, the trresence
0t a sieniticart pcsitive ccrrelaticn may cnly he atiributed
to the urigueness of the sitvation; 1ie. es in speeker
rarticiration <subjects who rrectessed a strong desire to use

’ voice regaraless of consequences mrey heve iried tco hera for

-

‘ proviadea

a.

b.

Attitudes

In resrcnse tc twe sets ¢ questlors, sublects

their attitudes surrounding the necessity of
corruters in today$ society and how voice technolcgy would
ald inforraticn rrocessing cr data input. Attitudes towards

corputers teil into three general categories.

processing resulted in tour categories.

Perscns who teel ccmputers are unnecessary.
Persons that teel compvters &re necessary in
society, tut are not a panacea ¥cr all prablemws,
Those who teel that corruters are az a4absolrte
necessity.

toward voice recognition and information




T . . E— ‘ — i

a. Thcse believing that vecice weuld take mecre tire
for information or data rrocessing.

b. Those with nmo orinion.

c. Those who feel voice will save sore tire

d. Those who feel voice can save imreasurable tire

! corpared tc¢ conventlicnal methcds ¢f data entry

I
% "k and inforration rrocessing.
k Results ot the analysis are surrarized ip Tatie XXXI, Based
on these results, the null bhypothesis canmnct te rejected and

thus, it may te concluded that the crinion or attitude a
person pessesses tcwards ccmputers, anéd their feelings

h | pertainineg to voice as a tire seving adventage will ot

attect their reccgnition accuracy.

{ ' TARLE XXXI
AFFECT DUE TO ATTITUDES TCWARD CCMPUTFRS
: AND TATA PRCCESSING
- ——————————— ot e ———— -, -t —————— +
! | COMPUTERS ! TATA PROCISSING H
e e T b e !
aType of Test | Kruskal-wallis i Kruskal-wallis !
[PPSR e —_—— et m e ———————————————— !
; | Alpha ! e : .¢5 |
ettt B et e Bt !
5 { Test ! ' |
; y  Statistic | 7e ' 2.28 '
: PR bmome e o - !
- i\ Critical : ! {
R ! Level ' > .8 { .15 '
R T +omm !
‘ , | Correlation | ! i
1 ! Ceetticlient | .111 ' -.1€4 !
» e —— b -+ - !
! ** = Signiticant at stated level of significance H
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i
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G. VOCAPULARY ERRORS
At a resujt of using aifferent nurders of syllatles in
the vecatulary, it was also possible to get an indication of
how well utterances with differert nurbers of svyllables were
recognized. Originally done it a longitudinal study [Ret.
24: pp. 9Y-1¢] 1t is analyzeda within <the context of this
document as further veritlcation ot those earlier results.
This is shcwn ty weeks in flgrre 31 and cver all conditians
in Figure 22. Both tigures illustrate a gernerally declining
error rate as @ function ct the numter c?f syllables in the
utverance. Although the currea: exzerirmentation yielded arc
-] eprreximately 1.5 cercent rise in errer rate ¢recm three 1ic
tour syllables, it is not e iarge deviatior from the earlier
study which indicate? 1littie change in errcr rates tetween
three or four syllabies woras.
In terrs ot overaill et*ectiveness, a rractical

, eaprlicaticn wcevld dlictate the lezst amevnt c¢¥ recceniticn

errors. Theretore, an error rate ot £.91% <till rerains twe
! to three percent better than utterances with & smaller
' syllabic content. Desprite the higher rate tor four lelable
corpared tco five <sylleble words, the difference {=s still
less than that of one to ftour Or tws tO tour syllables, The
variety «c¢f vccabulary items used in this experiment fvrther
confirrs the argumrent that «s;rough & careful éarnd Jjudiclous

selecticn c¢ vccabulary {tems, larege vecabdulary difficulties

and assoctatea blgk error rates may be reduvced.
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VI. CONCLUSICNS

Following the lengthy -elatoration of results in the

statistic includea:

Method oY traloing

Experience of the user

Previous corputer exrerience
lLevel ct educaticn (all subjects)
Vital caraecity

Speaker cccrerativeness

1]

The following variaobles freduced

elation tetween itselt end reccgroition error

Frevious computer exterlence

Tire ot the week

Fxperiernce ¢¢ the user

Level of education (all 'sudbjects;
Sreaker particization

Vital capecity

Rate ot alr tiow

State anxiety (first week only,;

User attitudes pertaining to voice
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section it wculd be helptul to recapitulate, in a
brief surrary form, the responses of the ditferent variatles

Variabtles resulting in a statistically siganitficant

significent

rate.




The ¢tollowing varlabdbles resulted

in

either

d

non-

signiticant test statistic and/cr cerrelaticn coetficient.

Jot function

Branch of service

Job satisfaction

Service satistaction

Forelgn language competency

Tire of defy

Time ot week (test statistic only)
Ease ¢ use o¥ vcice equipment
Level of edvcetion (nalve uvsers)
Socio~ecororic class

Lental care

Race

Marital statuc and family size
Religious rreferernce

Accent

Place c¢* birtn/gecgraphic criein
Age

Heleght and weight

Rate of eirflow (test stetistic)

Physical conditvioning/sreech tralnise

Anxiety: State and Traitc

Sreaker coorerativeness (correlstion)

Speaker participation (test statistic)




-=- Affect of recognition errors

-=- Attituaes toward comruters/data rrocessing

The wide range in errcr rates, .50 tc 15.7 percent, fer
the 1inaividual subjects (See Arrendix J tor a corrlete
surmary) indicates an obvious varfability between subjects.
Within the context ot the maln experiment and the associated
ANOVA, the three variatles cf jot function, training methcd,
ard experience (trials), are irderendent events and are
prctected frem centounding dve to the experirental design.
The selectien of a level of signiticance equal to .25 is
merely to shew a pessible existence cf some effect, not 10
deronstrate a rigorous test of a stated hyrotresis. As the
analysls grecgresses tc the extracticn of mnurercus cther
kvran factors, these protections and the accorpacyina povwer
of a rararetric test are reduced. In sorme 1{instances an
awareress of a possitle dezendence tetween conaiticns 1s
necessary rrior to reaching an wultirate conclusion. For
examrple, were those subsets of a category achieving
statistical signiticance also traeined witk supervision
and/cr experienced wusers and if so, how rary were in that
particuvlar subset?

The results iresented herein sugrest that speaker
variebility wouvla not affect recognition accuracy to such an
extent as to freclude its use amorg coly srecially selected
usere, Fcr implementation 4itv military appllicaticns, this

Frcves to be especially satisfying since it wovld negate the
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cervices from the necessity of classifyine perscnnel intec
particular rilitary occupational sgecialties ar
subspecialties tor tihe express [urrose ot operatinz voice
equipment. It is apparent frcm the experimentaticn, and the
diversity ot skills ana experience contaired within tae
carple populatiorn, that practically anycne may te a
potentiel canaidate to 6perate voice recogrition equipment.

The trhrase ‘rractically anyope  should be gualified
here. Intersteaker veriability hea a significant impact iz
the case of one sublect, who ([fossessed a severe sreech
impairment; stuttering. It becare otvicus in the ea-ly
stages ot training that he would te umadble to tiunich 12ae
trainirng rhase. In tact, after 3¢ minutes, only 11
vtterances haa been satistactorily tlaced {nto memory.
plthcugh the irdividual was eliminated as an experimental
subject, his difficvlty deronstrétes thet althergh nprost
anpyone can use this tyre of technology, there will always
exist thcee, albveit few in nvmper, who fer one erycepticn or
another are unatle to atteain & svitabdble level of reccgniticn
accuracy.

The current experimentation has clearly shcwn trat
experience ana rethoa of training volce eguipment can
rrovide excellent recognition accuracy Taies. 0t course,
what determines an “excellent’ rate is fpurely subjective and
deterrinate urop the applicatlion in which errlaced. ¥hat

makes this otservaticn readily arrealirg 1= that bdcth
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characteristics are controlled by the huran. They are rot
tacters that one 1is bern with cr has inherited. Rather,
with closely surervised training rrocedures, ty an
experienced operatcr, a ‘naive” wuser «cen quickly attain
recognition rates Qgreater then U§ r2rcent and with
repetitive experience increase thkis accuracy uvntll errcrs
are redauced toc less thanm two percent. It must be relterated
that in the present experimernt, svhjlects were nct alleowed tc
retrain the reccgnizer durirg the three weexs of recognitior
testing. In actuality, 1the syreaker wculcd retraic an
vtierance rather thapn tc ccatinue 1inrcurring mis~- c¢r non-
recegniticn errors.,

To a lesser degree, speaker cccrerativeress arnd amcunt
of previous corruter experience ere daefinitely facters 10 bE
considered. The latter characteristic intivences the
perscrnel selecticn prccess while speaker cocperativerness,
like training ana experience, cap te inftluenced by the huren
elerert. Certainly, tecause ct datva processing experience,
such individuals can readily identity with the advantages ot
cspeech input and thereby tecome a mocre or highly cooperative
speaker. Thuvs comrbined, these two fectors strongly Support
tbe rotential for achieving high reccgnltiion accuracy.

The gfprecsence of occasicnal positive correlation
coefticlents, that were statistically signiticant, are
aifficult to explaln or resolve cecaclusively. Such

instances as level of particiratico, desire to use voice,

14%
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and attituvdes vpertaining 1o voice, previded misieadlre
results. It was svrmised that sreakers who are willing
rarticipants and trind voice to be a technolopy that they
wovld likely wuse, wonwld achieve low error rates. The
observation to the contrary, suproses that rany of those
speakers tried too hard for perfect recognition acecurecy,
and as a result, were less &rt 11c sieak npaturally. In
effect, they were tryling toc outsrart the machine.

Thus, in ap oreraticnal enviroorent it becsires imcurtent
upon both the sreaker and the supervisor to fully embrace
the concert of voice ta2chnology ¢ter wuse in a Tractical
applicatien. Ir demcnstraticne at the Naval Pestgraduate
School it iIs frequeutly noted thst ctservers are genuinely
impressed with the capabnilities ot vcice input of data until
thet one error, soretimes after wrore thern 20¢€ successfuvlly
recognized utvtterances, occirs and they sit back and rerark
tbat perhars additional recearch !s needed tricr t¢ placing
it into operaticnmal use . It is obvious that voice
technology is accerztable for wuse in & rilitery comrmand
center and must be fully suprorted by the Cormrander and his
Staff. If it is, error rates can ©be rminimizea by huran
controls such as trainlseg and excrerience. Iz corclucsion,
consistency wray best describe the Key to speeker
variabilivy. Attitudes, training, avd exrerience togetiher,
precavce ccnslistency in speech ard <consistency generates &

continued high recognition accuracy rate.
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APPENDIX A
USFR CUESTIONNAIRE #1

—— - —— - W - — - — = = - - - - — - — —— - ——— -

INSTRUCTICNS:

The purrose ot this questionaire is 10 obdtain inforration
frerm yovu regarairg rhysical cheracteristics, tTersonal
tackground, and orinions vrpertaining to voice recognition
equirment and 1its |use. Your answers will assist in
geterrining whether rerscnal and/or tTthysiclogical traits
contrirtute tc eftective vtllizatien ot veice recoeniticn

equipment.,

The guestions irmclude multvipie choice, YES/NC, ratine <cale
eny short answer fone or two words ONLY!! types.
dprrorriate guidance accomrranies each question or bleck ot

guestions.

Your name is NCT requirea but is requestea in order to ease
the necessary correlaticno c¢¢ ycur rerlies with ycur results
in the exrerireptetion. If you desire anonmyritry, pleese
respond with ycur subject nurber only. Please restond
truthfully. Check your questionalre eofter completion to

insure you’ve corpleted all the questions.

Thank-you for your assistance in this experiment.
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In questions 1 - 22, [provide ejther a one or 1Iwo word
respcnse, or place an "X by the apprcpriate answver.,

1. What is ycur age?

——— = — - -

2. What is your height (in inches)? ___________

2. What is ycur weight?

4, What is ycur race?

white (Caucasian)

Yellow (Asiar/Mongoloid)

Plack (Negroidq/African)

Red (Arerican Iadian)

-— -

&, What is ycur nationallity?

Native Citizen ot the United States

Natvralized Citizen of the United States

P ]

Alien

6. What is ycur religslious rreference? o _ e
(See Attachea Sheet)

?. What is your ethnic background?

Fuertc Rican

Yilirino

-— - -

Mexican

Cuben

Latin Arerican (persons trcrm Cemtral or S. Arerica)

-

Cther Hispanic Lescent (Extraction not delineated
as Mexican, Puerto Ricanm, Cutan or Latin Arertican)

14E
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Fskimro

Alevt

Indian

-—— -

telanecsian

Chinese

Jaranese

Korean

Folynesian

Vietnarese

Cther Acian Decscent (Extraction nct delireated ac
Chinese, Jepanese, Korear, Inrdaien, Filipine, or

Vietrarese,

——

Ncne c¢¥ the Abcve

Other (Please specity ,

—_——— - —————— - ——— o e e o - —

Dc ycu have an accent?

YES (what kina? )

-——— - - - - —— = = .

-——— -

What 1s your Marital Status

farried

Livcrced

Single

Cther (separated, widowed)

How many children do you Lave?

@

14y
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11. De¢ ycuv wear glasses?

- — -

-—— - -

12, Pave you ever had crthodontist care &/cr wear/wern
praces?

12. VWhat is your level of educaticn?

Noen High Scheocel Graduate

of ——

High School Graduecte

.' _____ Asscclate Degree
i

1 year cf cclliege

' _____ 2 years of college

2 years of college

4 years cf ccllere (nc deeree’

College greauate (BA/ES)

| Graduate werk of mere than 1 year (no degree)

i Masters Degree received

Doctecrate Degree received

14. Whet state were you born {in?

- e e -

i : ‘ 15. During ages 1-18, in what <ctate did yov rrincipally
reside? __

e e e e e - —ey——— s




)
U s w o

1€. What has teen your state of residence for the rmajerity
of the last three years?

—— e e = e e G e e A e G o

17. Te yeu speak any Yoreigr language(s,?

-—-—— - - A - e e - o S G o e A

YES ([which one(s)
NO

18, Wkat is your brarch of service?

Navy

——— e -

Army

erine Corps

Air Force

Cther (civiliar)

19. How reny years h&ve you been ir the service?

r mcre thac 13

0. BHave ycu ever teen coverseas ¥¢:2
ve or vacatinsn)

consecutive morths? (not including leec

YES (2c tc auesticn #21)

NC (go to question #c2)

21, How many months were you overseas?

- - -

In wnat cecuntry?

- . = e T e e o o -

22. What ¢o ycu ccnsicer to te your socloecororic class?

Lower Class

-——— = -

Urper Lower Class

Iower Middle Class

Miadle Class

Urrer Miadle Class
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Lewer Urper Class

o

Upper Class

In questions 22 - 4¢ place an ‘X’ on a roint om the scale
that bdest irdicates «r descrives your feelings. The ‘X’ may
be placed anywhere along the scele.

23. How do you feel atoul the Jot cr rosition you currently

have?

LIXE VERY IIFE NEUTRAL CTISLIKRE TISLIKE
MUCH VFRY MUCH

4. Hcw mvch saticsracticr de ycv derive ¥rcr dbeing a memter
of the Arred Services?

VEoY SATISFITD BCRDFRIIME UNSATISFIST VERY
SATIEFIIT UNSATISFIFD

&. Ccmputers are necessary in teday’s scclety.

\ | ' [} |

- . B | s e A T Dy - — - | W e - . - S - | -

| i i 1 !

CECIDEDLY SLICETLY NC OPIMNION STIGHTLY DECIDEDIY
AGREE AGREE ION“T ENCYW CISACREE DISAGREE

2€. How woulid vcice recogniticn rake a corruter orerator’s
jet?
Y]

- S G D S G C Sm U | S S S D S e S e | — - - e -

1 | ! |

MUCH SCMEWHAT NC CPINICN MCRE MUCH MCRE
EASIER EASIER DIFFICULT DIFFICULT

- .-




<. How would voice recognition equirpmrent attect
infcrmaticr precessing or data irput?

LOT SAVE SOME NO CPINICN TAXES MCRF TAKFS A ICT
5 TIME ZON'T ENCW TIME MORE TIME

<€, 1t volce recognitvion can save tire, it would allecw a
seyroard cperatoer to dc other jiots.
b o e o e o o - o | o e o o o e S e e o e e | et o e o e e o e e e o o [ o om o o e o e o e o . 1]
! 3 ] 1 [}
TICITEDLY SIIGHTLIY NC CPINICN STIGHETLY CECIDELLY
AGHLE AGREE LONT KNCw DISAGRFE CISAGREE
g 9. Ulescrite the use of voice reccgnition equirprent.
o
H D S T [ |
' 1 \ i *
: VIRY TASY FASY TC & CPINICH DIFFICULT VEIRY
0 UsE USz TC USE DIFFICULT
i TO USE
- S¢. Wwhat ao ycu taink ot vcice reccgoiticr equipreat  tor
vse in Milltary Ccrrana Centers?
N SO ———— - o - —— | e e v 0 e 4 o o o o o U e e o o e e e ot e e o ot |
i t 1 [} [}
, WLRY SCMEWHAT NC CPIMICH SCMEWHAT VIRY
FRACTICAL PRACTICAL ZON'T KNCW IMPPACTICAL IMPRACTICAL
<l. How much rrevious compuler exyerieunce bave you bhad?

- - - ——

Ty

ALOT CF CCNSIDERABLE SCME VERY LITTLE NO
EXFIRIENCE EXFERIENCE EXFERIENCE EXPERIENCE  EXFERIENCE
!
' 182
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J<. What is ycur rrevicus exreriesce with volce reccraitiorn
equipment?

c3. how would aaditional experiecce with volce recegnition
eyuirmreantl attect recognliion accuracy?

+UCH
IMPROVEMENT

LILE

STRONGLY
LIKE

STRCMGLY
LIKE

- ] e - | G D G G S R e - S S - -

SCM: NC CPINICM & LITTLE NC

IMEROVENMENT

ysou feel when a misrecognition occurs?

IIKZ NZU1RAL CISLIK: STECKGIY
DISLIKE
you feel when & non-recognition (’teepr”) occurs?

IIKE NIUTRAL DISLIKE STRCNGLY
DISIIKF
you fteel when a recognition occurs?
[ | o e o o = o - - | S, 1
[ 1 1 1
IIKE NEUTRAL DISLIKE STRCNGLY
CISLIKE

IMPRCVEMENT IMPRPCVEMENT




$7. ZITescrioe ycur participetion in this experirent.

EXTREMELY MCTDERATELY CCOPERATIVE SCMEWEAT VERY
(OCFZRATIVE CCCPERATIVE UNCCCPERATIVZ UNCCOP~-
ERATIVE

dc. FEow would you descricte your particirating in this tyre
0ot exrperinentation?

STRCNGLY LIKE NEUTRAL DISLIKE STRCAGLY
LIKE DISLIKE

CUTSTANTING GCCD AVERAGE FAIR PCCR

«d. It veice recognliticp dces save tirme and allews YCU tc
be éssignea other tac<ks, Low often woula YCU went to uvse it?%

N SELICM NEVEPR
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APPENCIX B
USER QUESTICWNAIRE #2

NAME SUBJECT#:

- - - —— - - — - . ——— - T — = —-— - ——— —— - ————

INSTHUCTICHNS:

Tae purrose ot this questionaire is 10 obdtair intorcmation

from you regaraing physicel cheracteristics, personal

' tackground, and orinions pertalning 10 voic€ recognition
gquiipment ana its vuse. Your cnswers will assist in

deverrining whevher rersouel andscr thysioiceicai traits

X centribute te etiective vtiiizaticn cof voice reccgnpiticrn

equigment.

? ' The gquestions 1nciuvae multlipie choice, YEIS/NC, rating <ccale
éna stort ELSWET 'are or twec words ONLY!) tyres.
ALFTOFriate guidance accorpanies eaech question or bilock of

questicos.

Ycur nare i1s NCT required pvt i$ requested in oraer to ease
tae necessary ccerrelatioc ¢! yeur reriies with your resulte
in the exrerirentetion. If yov desire ancoymrity, pleese
ij resgond wlth your subject number cnly. Please respcnd
truthfully. Check your gquestionalire after completion to

4 1nsure you’'ve conpleted aill the questions.
Thank-you tor your assistance ir this experiment.
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In questions 1 - &, proviae eirther & one oOor 1Iwo word
response, cr place ar "X by the appropriate answer.

1. Bave you ever rad one or more of <the following speech
irreaireats avasor irpairrents?

Articuleticr {(difficulty ir prcncuncing vewels
ana/or conscnaats)

Vcice (irregularities in the larynx)

Cleft 1ipr ara/or 11p palate

Ceretrel palsy

Stutterire

Hearipg irrairrents

Athasia

- —— -

Congenitel speecn aetects (due to pirtk/pregnency)

Retardation

——— -

Nore of the above

e

2. Have you ever received <cpeecn therapy from either a4
sutsidized (:ree) clinic, private <cpeech —therapist, cr
throvgh the putlic school system?

YES

-——— -

. keve jou ever receivea voice treining or taken singing
agcons?

- - -

R e A ta

e

o ——— Rl ot
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In questicns 4 - 15 place an ‘X" on a point on the scale
that best indicates or describes your feelipbgs. The "X  mey
be pleced anywhere along the scale,

4. hcw would voice recognition meke a computer operator’s
Jot?

YUCE SCMEWHAT NC CPINICN ¥CRE MUCE MCRE
EASIER EASIER DIFFICULT DIFFICULT

t. How woula voice recognition equiprent affect

~

istormaticn prccessing or data input?

- e Gw - - o - - -

SAVZ A ICI SAVE SCM3 nO CPINICN TAKES MORE TAKES A LCT
Ck TINE TIME CCN T KNCW TIVE ~ORE TIME

€. It volce recognitvion cam save tire, it would allow a
Keybcard cperatcr to dc¢ other jecbs.

e e Lt ; - e — e (e -~ :-_ - :

1DIDLY SIIGHZIY NC CFINICN SLIGHTLY DECIDEDLY
iR AGRLL CON'T KENCw CISAGRZE CISAGREE

7. Descrite the use of voice recogoition equipment.

VIRY EaSY ZASY TC NC OFINICN DIFFICULT VERY
10 USE Usz T0 USE DIFFICULT
TO USE

158




. o L —————— - —iil.l...IllIlI‘
;{ 1 .

8. 1t volice recognition does save time and aliows YOU o
be assigrned other tacsks, how otrter wcuid YCU want tc use it?

ALWAYS FREQUEANTLY NCW ANZ THEN SELDOM NEVER

| { %. How woula aaditional exrerience with voice recognition
equirment atrtect reccguitvion accuracy?

\ MUCH SCMx MO CPINICA A LITTLE NC
! IMFECVEMENT IMPRCVEMENT IMPRCVEMENT IMFRCVEMENT

o 1. How do you feel when a misreccgnition occurs?

\
b o ot o oy e o o e e | o o v o e > o e - = . - - - — | Y t

R i | 1 !
i ‘ STRCNGLY IIKE NEUTRAL DISLIKE STRONGLY
‘ ‘ Lis: CISLIKE

§ . ’ ’
- 11. BEBow 40 you teel when & non-recognition (’veep’) cccurs?

i STRCNGLY IIAE NEUTRAL DISLIKE STRCNGLY
LIL: CISLIKE
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12. How go you teel waem a recognition occurs?

- —— . O e - —— - P = - - D e - S =

STRONGLY LIKE MNEUTRAL DISLIKZ: STRCAGLY
LIKE CISLIKE

13. TDescrive your participation in this experirent.

i
- ———— — ———— - | e e W e — - - e P | IR R D e e S G D M G | NS A S S S S S — - -

IXTREMELY MCCERATELY COCPERATIVE SCMEWEAT VERY
CCCPER-TIVZ (CCFERATIVE UNCOCPERATIVE UNCCCP-
FRATIVE

14. BHow woula you aescrite your participating in thise tyre
0t exrerirenietica’

—— . ————— | G e S e e . e —— - - | e e e e o = e ) - o - ———— -

STRCNGLY IIKX NEUTRAL DISLIKZ STRCAGLY
LIKE LISLILE

£. Wwhat ao ycu tbLink of voice reccgnition equipment for
Ls€ 1o Milicary Cormnaad (enters?

VIRY SCMENHAT NC CPINICN SCMEWHAT VERY
PRACTICAL PRACTICAL CON ‘T KNCW IMPRACTICAL IMPRACTICAL




APPENTIX C
SELF-EVALUATION QUESTICNNAIRE

NAME oo CaTE_________ SUBJECT# ____

CIRECTIONS: A rumbter of statements which people bave used
1o descrite themselves are given below. Read each staterent
and then circle the apprcpriate numter to the rigant of the
statement that inaicates how ycu GENEPALLY feel. There are
1¢ right or wreong apswers. Please dc rnot spend toc much
time on &ny One statement, but give the answer which cseers

1o aescrite how you GENZRALLY teel.

1 = ALMOST NEVER
< = SOMETIMES
3 = OFT:EN
4 = ALMOST ALWAYS
1. I reel pleasart 1 3 & 4
2. 1 tire quickly 1 b3 Z &
2. 1 teel Llke crying 1 2 o) 4
4. 1 wisk I coula be as happy &S 1 2 2 4
cthers seem tc be
€. I aw losicg out on things vpecavse 1 2 3 4
I can’t make up ny nmind soon
enough
161
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1y.

<.

I teel rested

1 am "calr, ccol, and ccilected”

I teel thet ditticulties are
pPiiing up sc thav I cannct
Overcore them

I worry too0 much over sonelning
thet really dcesn U mattver

—t

am Rapry

I ar inclipned tc taxe thlings hard
I lack selt contidence

I teel secure

I try to avoia tacing a4 crisis
cr difricuity

I feel olue
I am corntent

Some uvnirgpertent thought runs
tarough ry rind aud bothers ne€

1 take disappcintmeats sc keenly
that I cap’t pvt tkem out of my
mind

I ar & steaay person

7 get in & state ¢f tencsion or
turmcil as I thinkx cver my recent
concerns and interests
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SCCRING KEY
y, fecr ihe
A-TRAIT EVALUATICAM
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1 2 2

1 a4 K

1 3 I
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1 4 2 4
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AFPENCIX T
SELk-EVALUATICN (UESTICNNAIRE

NAME e DATE_________ SUBJECT# ____
CIRECTICNS: A nurper of staterments which people have used
T0 aescrite therseives are given pelow. Head each silatement
ana then circle the appropriate nurber to the right of the
staterent that 1ludicates how you feel RIGHT NOW -- AT THIS
VERY MOMENT. There are no right Oor wrong aBSWErs. Please
do nct syend 1co muci lire on any one staterent, tut give

1he answer thatl best describes your FRESENT feelings.

1 = NCT AT ALL
= SCMEWHAT

N
L

3 = MCDZIRATELY SC

4 = VERY MUCH SC

I feel calrn

I reel secure

S. I ar tense

4. I am regrettul

. 1 feel at ease
I teel urset

7. 1 am presently worrylng
Over possible risfortunes
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lg.

19.
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1
1

teel restea

te€l anxious

teel comrortable
teel seif-ccntfident
feel nervous

am jivuery

feel "nigh strung’
ar relLaxea

feel content

ar werried

teel cver-excited

and rattled

1
1

teel Jcytul

feel pleasant
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AFPINDIX E
UTTERANCE LIST: TRAINING WEEK - WEEK#1
WORD# UTTERANCE CRT FRCMPT
] 1 000 THREE THRFE
o 0cl EUROPE 3UROPE
: P MOVE IT LEFT MCVE IT LEFT
‘ PR CARRIAGE RETURN CARR RETURN
04 LOGOUT LOGOUT
CiE COMMAND COMMAND
CYE STRAIT CF HCRMUZ STR CF HMRZ
; 0o TIME TIME
CLE KCREA KCRTA
¢Yy ZERC ZERO
212 CHANGE TCIRECTORY 10 FCCCK C TIP TO PX
¢11 ALPHA ALFHA
| g1z FOSITIVE FOSITIVE
. 013 IDENTIrICATICN ILNTFICATION
\ ¢14 LAUNCH LAUNCE
215 RELOCAYE QELCCATE
»l Z1€ LELTA LELTL
, 617 TASK FCRCE CCMFANDER TSK FEC CDR
} Cl1k KILO K1LO
~ 21¢ ICGIN YELLEN L0GIN YZLLEN
’ ¢2¢ ECHC %CHC
‘2l NOVEMBER NOVEMBER
: 22e TWC T%0
i | 23 UNITED STALES UNITED STS
024 FOUR FCUR
Q<s ERAVC BRAVO
| (2E FLACE & CIRCLE CN MCSCCW FL A CIR ¥OS
; gz ENEMY DETZICTICN EN DETECTICM
; gze FRCCEED PECCIEC
| UeY RCMEC ROMEO
| IRY ¥LIGHT CONTROLLER FIT CTLR
. ¢31 SEVEN SIVEN
5 €32 GRCLUML CONTROL AFPROACH GNI CTL AFPR
. : PR REPORT REFORT
S 224 AIRFIELD NAME AFLD NAME
' ¢35 LIVA LIMA
CSE AVAILABLE AVAILABLE
037 MESSAGE MESSAGE
(36 SAIFLLITE SATELLITE
04y SHOCT SHOOT
_ 240 YANEEE YANKEE
! ‘ ¢4l AFSIRMATIVE AFFIRMATIVE

R ARG .
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Cad
044
C4E
¢a€
Ve’
¢Yak
, ¢4y
| ¢se
| €51
65z

‘, sz

(‘ EEJ‘:
T pLe
25€

€57

- gLt
€8y

YWEL

LE1

WEZ

LE2

¢€Ea

pEL

o CEE

\ ¢ET

QeEe

. ¢€y

i . ¢71

. L7

grs
|

g7t
g27E
v
7€
¢y
682
¢el
&z
ged
¢Ea
‘ get
. WEE
¢e?
YEE
o8e
AT
gyl
Ve
¢y

CHARLI®

TORPELDO

FIVE

CFEZRATICNS PLAN
OFFENSE

ULP IN DETAIL

NINE

FRCEABILITY Cr LETECTION
MNEUTERAL

JULIETYT

SPEEL

UNIFCRW

SENSCR

TANGO

CLCSE CUT CHARLIE
LCAD THE GANN
CSCAR

NCRTH ATLANTIC MAP
FACIFIC DATA bASE
FOMAN FACTORS
¥CATRCT

SOVIET

DEESNSE

CNE

INCIA

AZVANTAGES

GCIF

CANCEL

cULy

NEGATIVE

FLCT ALL SUEMARINES
XRAY

REFUEL

AUTOMATIC KECCUMITICN
CUEBEC

TRACK =hzMY

IEVEL T%wC

COURSE

JCINI TASK FCRCE
SIX

WHISXEY

ATTACK

SIERRA

MANEUVER LELAY
DISTANCE

EXECUTE

EIGHT

VICTCR
MEDITERRANEAN MAF
SEA Ok JAPAN
ECrPA

FILE TRANSFER FRUTCCCL

1€z

e EAARR

T T A K e = o e R ALk om0 >

CHARLIE
TCRPZIZIC

FIVE

OPNS PLAN
OFFENSE

UP IN DETAIL
NINE

PRCE CF TEIN
NEUTRAL
JULIETT
SPEEL
UNIFCRM
SENSOR

TANGO

CLS OUT CHRL
LD THE GANN
OSCAR

N ATL MAP
PAC TAT BASE
HUM FACTORS
FOXIRCT
SCVIET
DEFENSE

CME

INDIA
ACVANTAGES
GCLF

CANCEL

ZULU
NEGATIVE

PLT ALL SUBS
XRAY

REFUZIL

AUTC RECOG
CUEBEC

TRACK ENEMY
LEVEL TWwC
COURSE

JT TSK FRC
SIX

WHISKEY
ATTACK
SIZRRA

MNUVR DELAY
DISTANCZE
EXECUTE
EIGHT

VICTIOR

MED MAP

SEA OF JAFN
pPCPPa

FL INSFR FRO

et A et b ettt e




bya
By
¢y€
LN
v9e
€9y

ALTITULE

HOLEL

NUKE THEM TILL THEY GLCWw
ACCAT TITLE

MmIKE

MISSILE

1€y

ALTITULE
HOTEL

NUKE &M
ACCAT TITLE
MIKE
MISSILE




WORD#

{ 06
I 201
‘ le
9ves
204
ges
gue
R gar
o CeE
ey

Q19

¢ll

g1z

o Z1c

\ Cle

glz

l 21c

€17
ClE
2ly
XA
: 21l

02z

22
224
02t
L2€
7
Jde b
¢2y
e3¢
031
Y
033
c-']: ¢34
o . ¢35
£2s€
037
£38
; g3y
040

¢al

AFPENDIX

UTTERANCE LIST: WEEK #Z

UTTERANCE

MISSILE
MIKE
ACCAT TITLZE
NUKE THEM TILL THEY GLOW
HOTEL

ALTITUDE

#ILE TRANSFER PROTOCOL
PCFFaA

SEA OF JAPAN
MECITERRANEAN MAP
VICICR

SIGHT

EXECUTE

CISTANCE

MANZUVER DEIAY
SIERRA

ATTACK

WHISKEY

SI1X

JOINT TASK XCRCE
CCURSE

LEVEL TwO

TRACK ENEMY

QUEBEC

AUTOMATIC RECCGNITICN
REFUEL

XRAY

FLOT ALL SUBMARINES
NEGATIVE

ZULU

CANCEL

GCLF

ADVANTAGES

INIIA

CNE

DEFENSE

SOVIET

FOLTRCT

HUMAN FACTORS
FACIFIC DATA BASE
NORTH ATLANTIC MAP
OSCAR
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€4ae
249
044
kel
046
pvar?
©v48
24y
@59
€51
/o¥3
ve&
54
goc
pvee
€57
gok
385
41
061
26<
£63
£64
g6t
¢6€
gET
et
g6y
76
271
¢7<
end
274
gee
b7€
g
Ag~
79
g8¢
el
1-¥3
7230
vee
gec
o8¢
287
gEE
06y
¢9¢
gyl
29c
€93

LOAT THE GANN
CLCSE QUT CHARLIE
TANGC

SENSCR

UNIFORM

SPEED

JULIETT

NEUTRAL
PRCEABILITY CF DETECTICN
NINE

UP IN DETAIL
CFFENSE
GPERATICNS FIAN
FIVE

TORFEDO

CHARLIE
AFFIRMATIVE
YANKEE

SHOUT

SATELLITE

MESSAGE

AVAILABLE

LIrA

AIRFIELD NAME
REEXCRT

GRCUNL CONTROLI APPRCACH
SEVEN

FLIGHT CONTROLLER
ROMEC

PRCCEED

ENEMY DETECTICON
FLACE A CIRCIE ON MGSCOW
ERAVC

FCUR

UNITEL STATES

TwC

NOVEMEER

ECHC

LCGIN YELLEN

XKILC

TASK FORCE COMMANTER
DELTA

REICCATE

LAUNCH
IDENTIFICATION
FOSITIVE

ALFHA

CHANGE TIRECTORY TO FCOCK
ZERO

KOREA

TIME

STRAIT OF HORMUZ




"'ﬁ
O SARNA

¢ue
"1
©96
297
@9t
€9y

COMMANT

LOGOUT

CARRIAGE RETURN
MOVE IT LEFT
EURCFE

THREE




APPENDIX G
UTTERANCE LIST: WEEK #3
|
; . WORD# UTTERANCE
{
| ! ey CARKIAGE RETURN
. 001 STRAIYT CF HORMUZ
p ! Lee ZERC
' e POSITIVE
204 RELCCATE
¢yS £IL0O
gee NOVENMBER
' 07 FOUR
gye ENEMY DETECTICN
¢y FLIGHT CONTROLLER
21¢ REECRT
€11 AVAILARLE
Ny 1z SECCT
{ 215 CHARLIE
¢14 CPERATICNS PIAN
g1t NINE
: 1€ JULIETT
i €17 SENSCR
; ' ¢1& LOAT TRE GANN
. 919 FACIFIC DATA BASE
' €2« SOVIET
91 INTZIA
e’ CANCEL
€22 FLCT ALL SUBMARINZS
224 AUTOMATIC RECOGNITION
geE LEVEL TWO
¢26 S$1X
22% SIERRA
| 0ze EXECUTE
g2y MECITERRANEAN MAP
ese FILE TRANSFER PROTOCOL
i 221 NUKZ THEVM TILL THEY GLOW
; ¢3< MISSILE
- 035 MCVE IT LEFT
< 034 COMMAND
. 235 KCREA
gS€ ALFhA
237 LAUNCH
©3E TASK FCRCE COMMANDER
23y ECHO
240 UNITED STATES

! | ¢al PLACE A CIRCLE ON MOSCOW




g4z ROMEQ
gaz GRCUNT CONTRCL APPRCACE
¢aa LIMA
gat SATELLITE
ga€ AFFIRMATIVE
247 FIVE
¢at UP IN DETAIL
- 24s NEUTRAL
= ¢5¢ UNIFORVM
L 251 CLOSE OUT CEARLIE
| P NCRTH ATLANTIC MAP
(5% ¥OXTROT
L. 654 ONE
g oct GOLF
r ¢5E NEGATIVE
‘ 257 RE}UEL
- @5¢ TRACK ENEMY
| | 459 JOINT TASK FORCE
| ¢el ATTACK
2€1 LISTANCE
6z YICICR
263 POFFPA
0€4 HOTEL
N ¢6E MIKE
t GEE FURCEE
267 LOGOUT
¢68 TIME
: 26y ChANGE DIRECTCRY TO FOOCK
L; 27 IDENTIFICATION
! ¢71 DELTA
' 07z LOGIN YZLLEN
' 2 THREE
¢74 WO
@7s BRAVC
Q7€ PROCEED
¢?? SEVEN
Q7E AIRFIELD NAME
| 27 MESSAGE
| - TANKEE
; g1 TOREFELC
! e CFFENSE
| (e FRCHABILITY OF DETECTICN {
: 064 SPEET
'i 98¢ TANGC
. ¢86 0SCAR
= 087 HUMAN FACTCRS
| | ee DEFENSE
, - ¢8Y ADVANTAGES
N » 290 ZULU
: . ) 291 XARAY
‘ 9y GUEBEC

= eys COURSE




—

"oy

d94
gyt
¢9€
29
gyt
¢€9Y

WHISEKEY
MANEUVER DEIAY
EIGHT

SEA OF JAPAN
ALTITUDE

ACCAT TITLE




] - e ] ) [} i i ] 1 [} ] ] ] ] ]
[} [3Y] « Ww ] ] { i 1 i ] ) i ] | ]
[} { 1 i [} i | | | | i [} §
} -~ M) 0 I w |l ] | | | | i i
] ) | ] i 1 ] t ] )
1 (7] (%] %] i [} [} ] L} § ) i ' | ] |
t = S ] - 1 i B R atalae LT T adimtnhatedatadeied
< ] - ) \ [} | | ] ] 1 [} [}
e - — - i ] ! 1 | [} i ) ] !
3t ~ [a] " [} ) ! 1 ] 1 [} “ 1
[ [ (=] - ] 0| 1 i 1 | | 1
€ — =} &) | | i [ { ] ] [} ] []
[ t 1 | (&) [ ] ] [} ] } | ] t 1 | 1
=i [} ! [} = (%] } Tl T e e e e e -
- 1 | i Bl ] | ] | ] I [} { [} 1 [ [}
o] ] | ' — = | [} 1 ] 1 ] ] | [} ) t 1
fom | [} i ] = (2 i ] 1 | [} t 1 ] I ] [} [}
(%71 ] ) [} 22} (2] ] L | [] [} ] ] 1 i ] | ] { ]
[} [} [} Ay o9 [} ) ] i 1 ] { ] ] ! ] [] ]
[ [} | > oD [ ) ] i ] ] i ] [} i ] ] i
' t ) Mmoo w I B e bt e
] ] ] [ [} 1 | [} [} [} 1 | [} ] i [] 1 ]
= (<) | | ' 2 P-4 { i ] t i ! ] ' 1} ) ) ] |
[ ' ' ] o O I~ ] ] \ ] [} | [} ] ) i t ]
(&4 ] ] ] = = I R 1 t ] 1 ] ] [} [] [} ] {
= 2. ] 1 ] ] ) I & ] { ] | [} [} t [} ] ] 1 ]
1 ] { i i 1 [} [ 1 ] | 1 { [ 1
m 2 .e oe [] ) ] —— | e, m e e e e e e - ——— —a—
o >4 23] | | [ ] 1 | [} { | { [} i ] [} [}
e — b= 2. ] ) § i ] ! [} 1 t ] ! ] | ! ]
— - [77] ~ ! ) } } ) 1 1 i \ ) [} | ]
(= ] Q - i N | | ] 1 [} [} ] \ | \ f {
= M ~ | 1 1 { ] { i [} L [ ] [} 1
£ [ ) L) () { { 1 1 i ) 1 i 1 t ‘ ] 1
-1} = | -} = [>) ) e s e e e e e e e
[*¥] o 1 (=] [&] (3] [} | [} i | | | [} | [} [ [} 1
£ (%] | 2 (%3] I i | { ] 1 1 I [} [] ) ] [}
] =y — [} ) 1 ] § i ] | | | | [} |
<§ [} — - 1 - | | | | | ] i [} [} i | 4
() ) x x \ i | [} ] 1 [ i ] ] [} [} [}
<t | =3 =4 1 ] } ! [ ] 1 [ 1 1 t 1 t
[ ] Ay oy b —= = |~ e e e e
] (o] =2 1 i [} [} ) | ] { f [] ] 1 {
) v v2 ] [} ] [} . ] ! ! ] i i 1 i
| ] 1 ] ] ! 1 i ] [} [ ] [} [} | [}
[} ] ) ) [} \ | i \ | ] PN ] [} |-
) ) ] [} ] ] [} ] [ - | { t o1 ] ] 1O |
I i t t ¢ ¢ ] ] [ -0 | ] [ T | ] t 1Ot
\ ' (3] [} [} ) ] ] 1 [ e I | | (-3 | 1 [} 1O |
] ] 9 ] | [ - | { = ] i [l (-
' ] [ -4 | i o= b 1 [~ } | ] ]
} 1 N . 1 =« [ ] [ B - A ] ] | | [} i 1O |
] t = [ -] \ 1 [ I ] | [T | [} ] [ o}
[} ) = o [ ] [} 1 o 1 i O ] { ] ]
§ [} -t Qo z | & [} ! [ Bl B N | [ S I | ] i e o
] t x Z [ g ] [ I T T T O o B - I I | ] ] P
.o ) ~— I o =)ol = O g [ | [
113 . & QO zZ ] IOl Migliotzl 91« ]
(2] e o - 4 i (B - = T T BT B B Saa T < - TSI - S TR BT |
2. = S [ & L] ] i) O1 O 91 O 1 4 v | QU =t 1
- - =) — [ | 1A Z 1 01 RAR1TOl Ng«igl eIl O
z =] k] & e ittt et b e R L bbbl
u e e A —— L
' Y.




- - - o 2 " = T e " — S T T 0 = = St \ — - — e T o T iy o Y e e - o i e = A -

i ' 1 i l \ | ! $ l ) 1 ( i ' 1 ‘ ' ( i ] ' ' l \
i i 1 1 ] ! } ) ] ) ' | { { i ] | | i | 1 1
' ) i | | | i { i { \ i i ! 1 i 1 | | | | ]
| | i t ' 1 1 t i | | l i 1 1 | t i 1 \ | i
; 1 i ] | ( I ( 1 1 { 1 1 \ 1 | { 1 | [ | 1 ( '
- ! 1 ! ! 1 ] 1 ) ) ' | 1 { [ [ 1 i 4 \ ' ! 1 { ' |
! | | ! i | i { | l \ t 1 | I l ) 1 | | 1 ! ) | 1
| J T T A T O A
= i l i _ | _ “ 1 1 | | | I | ( ( ( { _ { i (
{ | \ ' ( ) | { | | | | ! i | 1 ! | i i 1 | i 1 |
! 1 I i 1 \ [ | t | { ( 1 i | 1 1 i [ 1 \ ' 1 { !
| \ ! ' t \ | \ l l | | ' 1 i { ! ¢ l ' ‘ ' ( t b ]
i 1 | \ | | i | 1 | | | i i \ [ 1 1 \ ' 1 | ' | by
1 1 ' i ] ‘ i ( | i 1 ' | I l ) 1 ‘ | i 1 i ' } i
] ] ] H ] | ] ¢ ] ] | i | ) [} ] [} ] [] 1 { ] ] ] ] 1
' ) ' 1 ' ] 1 i ( 1 { i f i i i i 1 i i { ] i ¢ t i
' i ( ' \ 1 t i ( 1 | i t § ( i i 1 ‘ i t 1 1 ] i }
' ] ' 0 | 1 | | ' i ' | | } 1 | i | 1 1 | \ ( ( 1 t
\ ! ] ( ( ( ( { i ( f t { ] i t { ' i | i ! t ! i l -
| ' ' \ 1 1 i i l | ! | 1 i \ | I | { i 0 1 t 1 1 i p
1 [] ] ] ] [} ] [] ] ] ] ] ] i ] ] ] 1 ] [] [} ] ] ] 1 []
l ) ) ! 1 1 ‘ \ 1 i i 1 1 1 ] i i ] 1 { i 1 i | 1 i T W
1 | ( t \ ! 1 i ‘ i i i t t t t ! ! 1 1 ' ! ] ! | ) .,l
| i i I i | | | i ' | | 1 | | | i | ! ! l ) | ! 1 i v
i | ' 1 ] | l { ] \ | | 1 1 ( [ i ( | 1 ( i i 1 | ( %
i i ( t i ] i i i i l i i | ! 1 I ! 1 ) | ) ) 1 } ) 3 I
1 1 | i i I ] ‘ \ ] i ] \ 1 f ( ] 1 ) ] | q 1 1 \ i o~ 21 i
| i \ | ' | i i | | i | | I I | ) | \ i ( | 1 | 1 ‘ o~ oy
2 ' 1 1 i i 1 1 ‘ { i i { [ 1 1 i \ 1 1 t [ i ) ( | i -t %1
N T T e T S T T T e e T T T T T T B B
: | | ( l i { i 1 | ] i ( | | | { | | | | ' | | ( i ( I
: ) i 1 ! i t | 1 \ i 1 ] i ' i \ \ i i | | i ! 1 | ' p
! { { ‘ ] q i ¢ ' ! i ) i } ’ | j | | | [ 1 } i 1 ' { LK
: i . 1 1 i { i ‘ ( i ) 1 i ‘ ] 1 ' i i i ( i i 0 l ) D A4
l ] | 1 i 1 ( ) i \ i ' 1 i 0 1 i i 1 l ( 0 1 i 1 i .
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 3
i i ! [ ] ! i [ ! ] ) ' ] l | i | i y ! i | ! ' 1 { )
\ | ' i | 1 1 ) ] | ‘ i i | t L O ( ( ' | 1= ' { i .
' i l 1 i i i i 1 ' ( i i ( | 1w | | - o ' ' ‘
[} [} | 1 [ [} ' ] 1 ] | ' | ' 1 [N, I} 1 | bR [ ] ] 1 '
1 i ] ! I ) - ' ' ! { i i | Lot 21 l N 1o \ 1 ]
[} 1 1 Z [} [} [ = [} ] i 1 i [l ) [ SRS | t [ | [T [} ] {
\ i Q | i ) V= ( ' ! | lea ' | o | Q| 1) RN i
\ i — | i | Lo t = 1 | | = i Lz { | | e t | 1
] l | i I 1 ) ™ ] | | &+ | ! Lot 21 | = | t | | < {
| i | < | i ] LN = ( 1 i | l 1 | b=t { Pz ( i (3= | { ]
' [} [ & 2 ] [} § 1O [ I ] | ] e ) ! [ B~ B | [} PO [ I ] ] [}
| NN Pk (- ) 1 g ! I » | (R i o | | g | 'NEN! ‘
! ) B o) om ) ) =) 1o 1> | TN | { [ Lo ALl Q| o | e | = ' :
i b @ g |y i | N i 2 ( (s | {3 | e | O | e« | ¢
g e v OO g l | =i T | N lol—iilmMmiolm) =i | o | v | i | 4
]l 21 Z )OIl i Ol jolHEl 1T imirclolzlol@ig|@iAalol i i .
vl iMIDIAIRAIIiAIS ™I Ol D) < tE 1l ol b=z oal g X P
Ped 1 O A | g | 1] b | € =1 OO &I 2 Q1 i o3 Z 8@l O L)t lea st | |+ |
b ) 30§ )t e ) Mt ot Z a1 bk Ml idl gl bl odlzyiml) <l ed -
......................................................................................................... |
,_
M_
i “_
R _
L - —— P - - . L
. . S




————— i e e 1 P s 1t e o 7 ot et e A o s b T 4 g o Y T " T = .y o = o e " 20 o e o D e o L @ A o N b o = = o oy o+ V= o . S e e e

\ | { i ] { i ! ) ) \ | \ | \ | | ' i t t ! ] ]

{ t ] i ] 1 | } ] 1 | | ! \ \ { t i i ] ! ! } 1

| ] t i ' | ' ] ! i \ \ 1 | i i t i i i | ' ] )

i ! i i ] ] ) ) \ 1 t i 1 1 | ] i i | ! ) ] ] }

{ ¢ ¢ { 1 ! } ' } i ) ) ) 1 i i 1 t t | ) ) | i

t ' ( } ] ' } \ i \ 1 \ i ] | t ' ) | ) ) ' I i

\ | ) ] | ] ) | \ \ | ( i 1 t { ] ! \ ] ] | | \

I A A A A A A O O

|

i | 1 | ( | 1 ( { i i { ] | } ) ) ) | ' | 1 \ \

| | \ i 1 \ \ 1 \ § i i i ' ) i ! ' \ ' \ | | |

1 | 1 \ 1 i ( { i i ! t ' } ' i | \ \ | | | t i

\ ] ] | ] i | t i i ) } ) 1 1 ' ' \ \ ) { 1 t i t !

' | ] | i { i i i ! } ) ) | | | ] | | | { i ¢ { t !

) i { i i i i 1 i ' ) 1 ) 1 1 ! 1 ! { ( i ] ‘ t ] 1

' | i { t ' i ! 4 ) ) | i } 1 1 1 § ' t 1 1 ! i i ]

1 ' i i t i ] 1 ) I ' t 1 1 ' i 1 i t t 1 i ' ' 4 )

i : } ! } } 1 ) } i ' ) § 1 | § i 1 i ] ¢ ) } ) } ) |

¢ t 1 ! 1 ] i i i i 1 i t { { i ] t ! ) ] ) ’ ) ) } ;

i ] i ' ' ) i ) 1 1 1 i 1 i i i i t ' [ 1 ) ) 1 t '

! ] } ! ) i ) \ ) i ) 1 i i i i t ! 1 } ' i ' | ] | arl

t ] } i i ) 1 | ] i 1 | i ] i ' t 1 ] ' ] ) | ] ] ] 4

) ) ] ) \ \ i \ | ' | { i 1 i § } ! | ' \ \ | \ \ 1 1

1 1 \ ) i | | | i ' ' i { ! i l ) ) \ | | ' ' | 1 ' .Y

) ' 1 | | i | | | | 1 { { ! i ] l i i ) i \ 1 t ] ] L

| | ' i ' \ \ | i i ! l l ] ) i | | i 1 \ I i 1 i i ~o b

t i ] i i i i ( { i t { { ! i f i i i t t i { { i t “1

' i i \ 1 i \ ] i ) ! t \ | i 1 1 i i ] \ 1 ! i t ! fed] b 3 I

i | | i i { i | i { { ! i i y 1 | 1 i { | i { i i 1 - - I

i | \ i ' | i [ t 1 ] i i ) i ] 1 | i ! { i 1 i ! ' P www

oo i ' 1 v i [ 1 T | U { i i " 1 i RN

' | i i ] { { } ' \ } 1 | | | i | i { I 1 i ! [ ' 1 -

§ i i { t { i 1 | ' 1 \ 1 ! | i { l i 1 1 } ) ) ) 1 ]

i i i i ! 1 i : ) ) | i | i i { t { { i { i I ¢ } ' Y

i 1 i : ! ' ' ) 1 \ ' \ . 1 i { t i i ! i i ) ' . i »

{ { | ‘ 1 i 1 ) | \ i t i i { i ! ) \ | 1 ) i i ‘ | ;e
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| [ -

[} ] ) ) ] [} i ] i \ ] \ | 1 [} [ ) | | i 1 ) | ' ' ] N

TR ) i I i i ] i ' ! 1 i i i | ' i | i i i 1 - | oY

) ] ) ) | i ] 1 i i 1 ' i 1 =1 i 1 ] | 1 (L \ R NEC N

) ) 1 \ | \ 1 ' ' ' 1 ' ‘ 1O ) ' 1 ' i N 1 1 21wt i ,

} 1 1 | | \ i 1 i - i t Vo ) 1 1 1 | 1 =0 f i i g i )

[} ] i ] [} ] [ [} i Q4 | 1 )B4 ) \ 1} ] \ 1 | /= [} PO =t ; i

1 \ | l | 1 ) | i = | ) 1oy ) 1 1 i | i g z | 1t 1 “

| I i ] | i i { { VR | [ Iy [ i | | | I {3 &t I &= 1 41 m

| | 1 \ i | kM i i i ] o) 1 e« | | ! { | { {f O =i t &2 | e+ |

) ! ] } { i =1 t i tva ) T b ) 1 i | I i T } € ) @) ;

=0 1 1q ' P i { t 2 1 e+ | 163y 1 | \ i | 6 ey ] S SN !

REN TN { ioev | 1 { 1O | Lok 1 ] t i bt 1D il e 1 .

120 = § g 1 =gt ) O} }or ) ) 3 I g 3 | [ > i totml | <) 2 |

gl O ) =~ | ) FE4 1 »n | 1 LOt g e 1 (I P e} i | =

ol gl K3 Rt )Y 41 =1 2| { it lal ol otrol mi bad g @) M|

el 2l 1 O L) v 008 ) 20 ) ¥ Jpg | ved § o b | A et b LML | ) D) ) ) B4 ] v | !

tldl Al & ]| Otz ) g lmil > | x| l2lOoiI Dl lM@®]l ~lzZ2)lz10)1 910l D1 ,

I I I R R R R R R R S N - VO B PO B o VO R e B == S IO B BT B < PO B B T B B R N B A S N IR R !

gt =1 ]l gl O1Ee]l ] OILOIDIZIAUlZzZl =211 DIVIEEHIOIAIOl 21 a | _

1

. e " - - - = -

i
i
1
i
]
!
{
}
1
i
|
i
'
1
i
'
)
[}
1
|
[}
t
1]
}

TR e A e e e

§
!
;
;
W
¥
}

C e el




B e e

| | [}
| i ]
1 1 ]
| ] [
] ] 1
{ [} i ]
1 1 \ | \ | 1 i | i A 1 [} i 1 ) | | ] | ] | [}
A A A A A A A
]
] | | ) " I | ] | ” { t 1 t ! | ) | 1 I | | 1
] ] [} ) i [ ] t ] 1 ) ] i i ] 1 ] { ) ] t ] | 1
] ] [] ] ] } | [} ! 1 [} | ] [} L 1 I I { 4 1 i ] ]
: § | | [} \ 1 { i { ] 1 ] ! [} ] ] ] [} | ] [} [} ) [ (] ]
] [} | ! ! ! i ] ] [} ) ) ] | 1 ] | ' [} [} | i ' | { i I
! ] i ) 1 1 ' 1 i | | 1 | \ ] | i { { ! 1 ] ! ] ) 1 [}
i ! ] } [} ] ] | [} ] | [} i ) [} ! | [} [} ] ] | [} ] | 1 ]
: [ i i { 1 1 1 ] [ ! } i i | i \ | I 1 1 | 1 ! | 1 |
i [] ] i ] i 1 ] ] [} \ ] I [ | [} | I i i [} t [} t ] 1 ]
) [} ] [} [} i [} [} ] ] [] { [] ] ] [} | [} | ] [} [} [} | ) 1
[} ] ] [} ] [} ) ) 1 | { | | 1 ] L} ] 1 [} [} | 1 i ] ) 1
} ] ] ] | i ] } ) ] [} ] { 1 | 1 1 [} ] [} ] [} ) ) | ]
[ | ] ] ) [ [ ] § | 1 1 ] t 1 ] ) i ] i \ 1 \ [} 1 i
] ) [} [} ] ] ] 1 ] [} ] ] 1 ] ] | [} | | [} i 1 { | ] ]
[} [ } [} ] ' | \ | | i | | ! i 1 | i | | 1 1 i i 3 [
| ) | [ 1 i [} ] i I [ I ! i ] | | i 1 | \ [ i i | I
] ] [} 1 ] ] ] ] ] ] ] ] 1 ] [} | } i 1 ] [ | [} [} ] ]
[} ] } | | i \ ) | | | ] | i | f i i i 1 ! ' ! } [} |
[} ] 1 ] ] ] ) ] ' ) [ i t ¢ ' i i i ] i i | ] | [} i
| | { ] ] i { [} } |} ) ) \ | | | | \ | ] ] | \ { | {
] } [} [} ] [} [} } | 1 [} | ] [} | | 1 { { f i ! ] 1 ] [}
\ ] ' | { [l { [} t 1 I ] 1 [} ] i i { ! i | 1 i | [} \
i t i | 1 ] | ] | | | i | | | 1 | | f | i | { i | |
| ] ) | ) } | | 1 1 1 ) \ | | ] t i t | | ] | ] y \
{ i i { { ! { i { ] ] { ] ] ' ] ) [} ] ] 1 | ] } ] \
{ I i [} | . } | [} | ] | \ [} I | | | | ] \ 1 { i { ]
} ] ) [} ] i i | I ] [} i | | ' ! i { i i ] 1 ] [} [] }
I i i [} | ' 1 i [} ] i Pt i 1 | ] I \ i ' 1 \ i 1 1
| 1 i ] } [} 1 ] \ 1 | Lok I \ | | ] i | i { t [] 1 [}
| 1} ] [} ) [} | ] \ L} | [ | | i 1 4 i 1 1 i [} ) ] | ]
' } 1 1 ] 1 ] i i t t o= ) 2 ] i 1 | Q1 1 | | i 1
§ § | 1 ! ! 1 ) | ! 1 1 st | 1ot ] i | B S \ 1 { [} |
) } ’ 1 ] ' | | | t ' I 1 | Gl { { | [ ] i | I pe
tw»ni [} [} [ [} | 1 ] [} i [ | [} | ¢« | ] i [} t O | ] ] [ |
e i [} { ] i { i ' } ] 3oy ] o | [} { | =y | 1 [} | (IS |
1O ] ] ] ] [} ] ] 1 | [E=1] ] 1 21 [ oI ! i i f [} { ] 1 9
| & i I | [} 1 vl | I [} (L% I | i [ [ oo | } | 4} [} 1 ] I 2§
LS i ] | 1 (ST i 1 | i i i POt 1t O I vai ! 1 [} | !
I =g | i 1 ] I 1 | ] 1 [ B I \ | ot Lz = | | =) i 1 i 1 g |
N ] ) o) i | € 1 | 1 | =1 3| ] §ovd itd | e} | & 1 } ) )
1 ol i | | B4 | I3 P g1 e g ) O ) | M| \ 1 a1 41 9 >
tzleaiW\mi i { g 21 =) | &+ ) I 1 & | e Lad i QL 0D ) E+ lpa | Ol & 1
ld L E2v |} e | [} b | o OI DI desl>»lDiOlm@ioOlH gl zi g x|l Q]
Il I > i miMailaAai=1lAl 213101 Of gl g4 K =) D)) 514t wl zi.
I D1 O1IO I M) Z I Z1631 ORI 31l DD IONIO — 1 et = | |
I imini QIO =l D loltdl 2l igigdldirR ROl Iivniz=ldinl £
- ’l‘l\l"

179

~ F TR W




. o T y — —— T it T " - s = e e T Y o = A e T e " = Y o " W ks T e s o T e e T = = e o o oy e

[} ] 1 i t i i t ] [} t ! i i ! "W | | W
\ ] ] | [} | ' \ [} 1 [} | ] | | [} \ [} nn
1 \ ] [} ] | ] | | | | ] | | nn | [ [[I]
] i ] | [ [ ] ] ] [} | ! [} ) non ) | nn
] ] | ] 1 1 | | | 1 \ | 1 | nu \ | [[]
1 | | | [ | [} 1 1 | i ! | | | nw | I nu
| [} 1 [} [} [ [} ] | | | 1 | [} nn | [ [}
] [} 1 [ [} 1 ] [] 1 ] | | \ | i ] ] iwon
] 1 [} ] ] [} ] _ ] ] [} 1 1 1 mu | i nn
] | 1 | i | ] | | I ! i i M n | I ([t
} ] [} [} | 1 ] | ] ] ] [} | ] W ] ] nn
] i 1 [} 1 ] { [} 1 [} | [} i 1 [ [} | nn
] ] I [} | ] 1 | t | | | | I i nu | | wn
] ] | | ] | 1 | | | ) | ] | | nwou | | nu
| ] 1 i | ] | | ] i | 1 { i i Hoh i | won
[} ) \ [} | | i ] | ] | i \ 1 1 non | I nn
] | 1 i | [ | | i i ! 1 i i | non | | "o
[} [} I ( [} [} [ i { [] t i 1 [} ] "o ] [} " n
] ] 1 ) 1 [} \ 1 [} [} } 1 i [} ] Won | | Hn
i [} } ] [] t 1 ] 1 ] ] [} t 1 ] <z (I3 ] i ] [}
] ] ] ) ] [} \ ] [} 1 1 ] 1 ] | o [ [} | fn
| | | \ ' 1 ] | 1 1 | | 1 | ) . non | 1 [
] i ] ] ] t ] ] [} ] ] ! ] | I E+ nn 1 | nu
[} ] [} [} ) ] [} | | | | | 1 | | (&) 0o | | nn
——— — —————— = T s - " S Y gy - > — - = —— - ——— - — A ——— ——— 6D e e — e ——————
t 1 [} 1 ! ] ] [} [} } ] } ) ) [S] it i | in
| | ] I 1 1 ] \ | ] ] | ) i i 0] nu ] ] nn
] | | | | i | 1 1 | | i I | 0 nn | 1 (]
1 ] [} ] [] ) } ) [} ] 1 i i | n | i nn
\ ] [} 1 | [ | | 1 i i | i | ] < won | { it
v [} | I [} [} } i 1 ] { | 1 | 1 M nn | [} nn
? Lo \ 1 1 1 \ ' 1 ) 1 1 b B o ( i
[} | 1 1 | [ 1 ] | [} | | [} | | n i 1 Hn
] § ! ) | | i i { | | i i 1 won | | W
| ] | 1 N 1 ] } ] I ] { { I i { ! "
[] } ] [} \ |} | } [} 1 ! i \ | n | 1 nn
| i | | [ | | | | | | i i | W n | | won
[} ) ] [} | [ i [ ' .= 1 1 ] Hn | ] won
] [} [} [} ! ] ] [ | { [ & I [} | 1 Hiev | vl i n
] I { | Il i ot { 1«21 ! t [} [ - - | (o}
] | [} ] | ¢ ] P O 1 < 1 1 ) ([ e R & Ry | n ol
[} | ] ] [ S| I 1 =1 1 ] 1 i ] t oo nw
[} i ] ] t i | t L ] [ o] ) ] ] WL ) g4t 200
' i [} i i 2 i - i IS I ! ! 1 ot | ) i
[} | ] i | ) = [ ] i i | [} I [EI | I AR B I |
[} 1 [} ! t | g ) 1 1 ! 1 6+ ) 19 ) | | WD) asni
[} i | ] I 1 @l (] | ] I =3 ) i HNoO o1 MmN
] | 1 i | g1 5 1ol i o boem i ] e N
RN [} ) b - ) ) oiE | b3 b e ] 1 ] ot g e [
o) ] (- { [N S | P e | b [T T - I B T X
Lz ) e i e | ) | I S B = i ) I w31 U T T -
gl DI 1O IEV! G [ I | £« | i~ | Z vl e
et ] OF g |t 4 v | (- B T S I I - 2 B A I B % Iy QD i+ 1 O#R
lnniH Il lo il Al Sl E | I OIEd |l g Z o= e it !
Frt ) >4 0 0 | = | b | el | O O DD | k4 H |
Qi) Qi =) LIl @l 20 g 22 2 *
. - — e ———




AFPENLIX I
MASTER LIST OF UTTERANCES

| 1. ONE SYLLAEBIE UTTERANCES (1£)

CNE
TWO
THREE
FOUR
FIVE
SIX
EIGHT
NINE
GOLF
MIKE
LAUNCH
) 1IME
o SHOOT
A SPEEL
: CCURSE

2. TW0 SYLLABIE UTTERANCES (25)

w ' EUROPE
LOGCUT
ZZRO
SEVEN
ALPBRA
BRAVC
CHARLIZ
LELTA
LCHO
| POXTRCT
A HOTEL
f KILC
- Lima
R OSCAR
i . POPPA
‘ QUEEBEC
TANGO
VICTOR
WHISKEY
XRAY
YANKEE

!
i . . 1€1
i
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ZULU
COMMANL
REPORT
OFFENSE
CEXENSE
ATTACK
PROCEED
CANCEL
MESSAGE
DISTANCE
NEUTRAL
MISSILE
SENSOR
REFUEL

THEREE SYLLABLE UTTERANCES (20)

MOVE IT LEET
SOVIET

JOINT TASK FCRCE
NOVEMEER
JULIZIT

RCMEOQ

SIERRA

INDIA

UNIFOR®~

KOREA
MNEGATIVE
POSITIVE
EXECUTE
AIRFIZLD NAVME
ALTITULE
RELOCATE

LCAl THE GANN
LEVEL TwO
SATELLIT:
1CRPELC

¥OUR SYLLABLE UTTERAMNCES (14)

CARRIAGE RETURN
LCGIN YERLL:N
STRAIT Ck HORMUZ
UNITEL STATES
FLIGHT CONTRCLLER
AVAILABLE
A¥kIRMATIVE

UP IN DETAIL

182

-

% e

",

s

aan




e ey
—

CLOSE OUT CHARLE
HUMAN FACTCRS
ACVANTAGES

1RACK ENEMY

SEA OF JAEFAN
ACCAT TITLE

UTTERANCES GREATER TEAN OR EQUAL TC £ SYLLABLES (16)

MANREUVER LZLAY

CRANGE CIRECTORY TO ECCCK
IDENTIFICATICN

TASK #CRCE CCMMANDER
PLACE A CIRCLE CN MOSCCW
GROUNL CONTRCL APPROACH
ENEMY CETECTION

NORTH ATLANTIC MAP
MEDITERRANEAN MAP
FROBAEILITY OF TETECTION
OPERATICNS PLAN

PACIFIC DATA BLASE

PLOT ALL SUEMARINES
AUTCVMATIC RECOGNITICON
FILa TRANSFER FRCTOCCUL
NUKE TEEM TILIL THEY GLOW




/ APPENLIX J
INDIVIDUAL SUBJECT RECCGNITICN RATES

The following are mear error rates tfor each sutject

particigating in the experirent. The data 1is

partitioned 1o rirror the grcujps estatlished 1im the

overall experimertal design ana are expresseda in percent

error.
GRCUL 1 GRCUP I1I
4.k¢ 13.11
| 7.1 y.zz
. ¢.39 E.&¢
{ 4.29 8.39
Y.2c 5.2
’ € .44 6.E9
€.22 6.72
& .LE £.55
1.€1 4 .06
: < .89 2.0k
! 2.€1 1.€7
‘ ]
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GRCUY III GRCUP IV

4 .06 12.11

z.11 15.1%7 |

LEK 4.E9
g .94 15.72
y.<8 6.6¢
4.32 Y9.¢€ ‘
£.72 E.e4
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