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' ¥ . ABSTRACT :
3
; This thesis compared the use of a discrete utterance
voice recognition system and a keyboard entry device in
retargeting Air Launch Cruise Missiles (ALCM) prior to
launch ftrom a B-£ZG aircratt. Time to load, input and

| ocutput accuracies, and time versus accuracy mreasurements

f}. were made for each of twenty subjects. Xeyboard entry was

*cund to be tetter than volce entry in t1ime to 1lcad and

input accuracy. These findings are 1lirited to discrete

SN S

utterance voice reccgnition systems and most rrobably would

have been different if a connected speech reccgnlition system
P hed veen utilizea.

Also investigated were tithree display formats tor

presenting flex targeting information on a cathcede ray tuoe.

; Irtormation was updated on the cathode ray tudbe using

single-space, dcuble-space, and inverse-video tormats. Time

t¢ update, input and output accuraclies, azd time versus

accuracy measurements were recorded. No significant

differences were found among the three display formats.
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I. BACKGROUND

A. INTROLUCTION |

The B-52G was selected in 1977 to be outtritted with an

a1l new naevigallcrn and weapons control sujite called the
Citensive Avionics Syster (CAS). This syster would control
erd lavnch the Air Launch Cruise Missile (ALCM). The flight
crews based at the Boeing Airpiane Company, Wichita, Kansas,
ard the humen fectors staff at Edwards AFE, California, were
tacked to evaluate the OAS. Basea om conversations with
these two grours, it was dlscovered that the ALCM
retargeting procedure, also kanown as “flex targeting", was
slew and cumberscme.

The purrose of tlex targeting 1s 1o give vcpolitical and

rilitary Lleaders greater flexibvility during both strategic

L e g

ana tactical conflicts. In future warfare, the politicel as
well as the military situaticn will ne in ccnstant flux., As
tke situatioen rapidly chenges, tergets will change as well. ;
A corrander”s abllity to chacge the course of a battle in i
i rinutes or seconas will oe dependent uporn the ability of his
tcrces 10 resrona to ithbese sudden changes. This flexibility
depends upor rapid weapon retargeting which the present OAS

does not provide.

One possitle sclution to this protlem was seen in

scorputer voice technology. Work in this area ot computer

11
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vcice applications research ls ongoing here at the Naval

Postgraduate School by Dr. Gary Poock. If was felt that the
ALCM flex targeting probdlem cculd be easily investigated
here dve to the extensive facllities of the Human Factors

Laboratory.

2. OAS/ALCM SYSTEM IN B-52G

1, Background

The B-5Z bomber has beemn in the U.S. Air Force
arsenal since 1954, Seven nundred forty-tour aircratt were
prcduced through 1Y€2 veginning with model "A" and finishing
with rodel "H . Today only three models, the "D, "¢, and
"E" remain in service.

All three are assigned nuclear and <conventional roles.
The "D" model, the oldest and least modified of the three,
is expected 10 be retired within the next two years and bde
replaced by 182 B-1B aircraft. {The USAF has designated the
cruise-rissile-capable B-1 the “B-1B". It will be equipped
with external cruise missile pylons.)

Tte "G  end "BE" models continue on active duty and are
the subjects of many modifications to extend their life,
irprove their survivability, and add te the missions they
are alreaay exiected to pertorr. This paper addresses a
rissior addea recently to the B-tZG, which is presently
undergoing rmoditications whnich will aliow {t to carry the

Alr Lauvnched Cruise Missile (ALCM).




2. Cperation

———————————

The ALCM is a small, vnmanned, winged air vehicle

cepable of sustaipned subsonic flight following lavnch from
the B-52G (see Figure 1). Propelled by a turbotan engine,
it 1incorporates a nuclear warheed with a variable yield of
Up to 2¢@ kilotoas for e hard target kill capability, and
i prcgrammed tc strike a pre-determired surface target
(Ret. 1].

While the ALCM is onboard the B-52G, it is receliving
Tesition, heading, and a4altitude intorration from the
aircraft’s inertial navigation system every €¢ seconds [Ref.
2]. When the missile 1is activated tor launch, it kaows
where it is and where it is heading.

Upon lauunch trom the B-t£ZG, ALCM wing derloyrent 1is
attained within two seccnds, and engine start within three
seconds. After leunch, position, attitude and velocity
reterence qata are derived trom the AICM’s inertial
navigation syster, mach nurber and pressure altitude from
the air date system, add height avove the terrain from the
racar altimever. Initvial position/velocity data and
atmospheric parareters are traansterred t0 the missile from
the B-5ZG carrier immediately pricr to launch. The missile
is then guided inertially along preplanned tlight protiles
at programmed Mach aumbers and altitudes. Velocity commands
éare based on precomputed grcung speeds reguired to reach the

target at a specifled tire,
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“"Time-to~target is calculated by the comfputer, and throttle
ccmmands are issued as required to maintain average ground
speeds along each 1trajectory segment. Altitudes are
selected to bte either “altitude hold , where the missile
flies at a commanded barometric altitude, or ~terrain

tollowing  where <the missile ¢tlles at a specitied height !

above the terrein.

Guidance is by a corbination of an 1inertial navigation
system and a terrain comparison (TERCOM) technique which
utilizes the radar altireter and onboard corputer, At
predetermined points along its flight path, the rissile uses
its radar altirmeter to rap the protile of the terraia below.
This “censed profile” is ccmpared with a preloaded digital ﬁ

map of the surrouading area. (Mapring intorration will te

furnicshed by tae Defense Mapping Agency.) Locating itsel?f

; within the map, the missile computer deterrines {its true

pceition, velocity, and heading and makes course corrections

1f necessary. At first landfail, the missile’s map may be

St an area measuring ino the tens ot riles. When it urdates

its position, it also eajusts arift rates, calibrations, and

other guidance error contributions to make itsei? less and

less depenaent upon wmap-correlation wupdates. The radar

aitimeter then goes into 'standby vuatil it enters the next

position update area. Thus, as the missile proceeds toward

its target the maps wouid be of smaller and sraller areas,

since the guldance system fine-tunes out practically all

.......
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error. TERCOM 1s saia to resolve objects on the ground as

; small as three meters wide ard 30 centimeters tall from an
| altitude of <everel thousand meters [Ref. 3]. The TERCOM
feature allows the ALCM te fly at 1lcw operating altitudes

velow 120 feet [Ref. 3]. Maximum operating altitude for the

?fj radar altimeter is 5000 feetv avove the ground, All terrain ;
fcllowing is performed tvelow this altitude. In the event of

3 radar altimeter fallure <curirg terrain following, the
rissile autometically trensfers to the altitude hold mode

and tlies at a preset baronetric alvitude stored 3in the

rissior software (Figure 11, line #4). This value is
selected to rrovide adequate terrain clearance tor the area

P peing overflown.

This high accurecy of missile positior updating results

in exireme accuracies at the target. U.S. cruise missiles

to date have achieved accuracies on the order of 3@ feet CEP
[Ret. 2]. This means at least £¢% of the time the missile
will lend within 3@ feet “rom the targes.

The ALCMs carried py the B-£2G are prcgrammed initially

4 ~ with one target per missile. Anytime prior to ALCM launcha,

a new target can bYe entered into the missile by the
navigator. This retvargeting capability 1s referred to as

“tlex targeting . Using the current integrated keyboard

{IKB), this prccedure requires apprcximately 1-2 minutes per

! rissile to complete. Retargeting a tull 1load of twenty

missiles would require 22-49 minutes.

16
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Accelerated production for the USAF/Boeing ALCM at
rroduction rates of 480 missiles per year will start in
Fiscal 1984. This plan is predicated on the deployment of
3,7€d missiles by 1990 oa a schedule consistent with B-£2G/H
ccenversicns [Ref. 4].

3. %Hole of Navigator

Respensitilities Yor navigation and weapcrs control
ir the B-£2G are assigned to the navigator and radar
navigator. The pavigator determines aircraft position based
on radar {inforration obtainea by the radar navigator. He
comrrares actual rositvion, course, etc., tO prerlanned
rissjon course and directs the aircraft accordingly. The
navigator is also resronsible for ALCM status. I¢ a change
ir ALCM targets is directeda by eppropriate authorities, he
would be the crewmerber 10 make these changes.

zxcept during tke flex targeting procedure, there are no
other inputs the navigator must perform with regaré to the
ALCM. Be 10es rave a constant missile status of each, and
i¥ one melfunctlions rrior to lavach, it can be withheld by
tke navigator ara jettisoned if necessary.

4., Scenarios: Tactical & Strategic

The cruise missile carried onboara the B-22G will be
caravle of pertorming non-nuclear (tactical) rcles as well
as its main role in nuclear (strategic) scenarios.

In the tactical scenario rapid retargeting of AICMs

covld give defending forces, especially 1in the Eurocpean

L) Sy e T WA © Y e,
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Theater, an unprecedented cafpacity ¢tor aisrupting Soviet

Pact supply 1lines, destroylng sugppert facilities, and
atrtacking tront~line torces auring a massive thrust across
vesterr Europe. A B-52G orbiting cutside the battle area
cculd respona to battlefield commanders by leaunching ALCMs
against vargets t1c¢c risky fer aircraft strikes, ¢r toc far
away from artillary positions. Since tactical targets are
very mcbile, a rapid and accurate ALCM revargeting
carability 1is essential. It a voice eniry system
signiticantly 1imprcved speed and accuracy then considerapvle
capability would be added to the flex targetling optionm.
Utilizineg a nuclear warhead in a strategic role, crulse
rissiles cen strengthea the air leg of the sirategic 1itriaaq
or tbe U.S. which 1includes 1{ptercontinental ballistic
missiles (ICBMs), submarine launched ‘tallistic miesiles
(SLBMs), ard strategic bombers. ALCMs will give theavy
scmpers a standct? capability, ana the missile’s long range
{12%0 miles) would lessen the need for bomber refueling
[Ret. £2]. Planners c¢culd assign ALCM-equifpred 3-£2Gs a
stanaoff role of firing their missiles outsiae Russien
airspace wilthout actually grenetrating, or tiring and then
renetrating to drop their gravity bombs, cr launching ALCMs
within Russian airspace as 1they fpemetrate. If the ftlex
targeting precedure near cr within these high threat areas
w&és exercisea, the 1-2 minutes required for retargeting each
ALCM wcoula lncrease tiae dwomber’s rrobtability of detection by

enemy radar.




C. SPEECH RECOGNITION & CRT LISPLAYS
1. OQverview
Ever since machines have been used by man, he has
sought ways to heve rore control over them. With the
development oI computers, man continued T0 exercise
rechanical <control ¢ty means of keytoard irterfaces or
ranually runched cards. The ability to directly comrmunicate

iy with them ¢ty vcice was #irst envisicned by sclence fiction

4 writers of the. 1952°s and ¢€¢°s. As the computer bpecame

*aster and able to stere larger amcunts cf informatvion,
researckers began lrvestigating the possibility of speech
recognition ty computer.

The theery tekind ccmputer speech reccegnition (also
grown as voice data entry) was simple enough, at least tor
isclated wcrds.

The basic theory is as follows:

1. Air pressure variations, created by speech, are first

converted into an electrical signal by microphone.

2. The signal’s acoustic features are coanverted {nvo
computer machine lenguage, and stored 1in computer
remory.

2. FEecause a word does nct rnecessarily have the same length

each time a speaker says it, the computer must  time
align” its lengta.

4. The computer them ccrpares the features ot the "aligned”
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word against utterances already stored inm its memory.

The corputer decides whether the spcken word matches a
wvord in mermory.

E. Assuming a match ls tourda, it then pertforms the action
or acticns (pre-prcgrammecd; ccrrespoending te that

uvtilerance.

The computler thus recognizes an vutteraance, oOr word,
within a given time frare. It elso rejects any word whose
teatures are 100 remotve trom those stored in its mrerory.

Speech reccgnition cer be daivided into two types. The
tirst is called 'isclated speech or discrete” recognition,
Eack utterance is fcliowed by a ©.1-¢@.2 inter-word pause.
In a discrete recogmition system, the utteraace is not
limited to just a single word. For example, the Threshcld
T-€00 will allow wutterances up t0 twe seconds in length.
The secona type is called "connected stpeech  recognition,
similiar 10 norrmal huran speech with no pauses between
werds. Utterances in ccanected speech units can thus be
reaae up of many inaividual words greater thar two seconds in
duration.

when cne goes ¥rcm cerputer reccgnitien of individual
words (isolated speech), to full sentences as in natural
syeech (comnnectea syeech/, tne rroclem 1s compounded even
recre. In isclated speech systems, the ccmputer can clearly
distinguish tetween consecutive werds. In contrast, natural

speech wave ¥Ycims dc¢ net shcw clearly where c¢ne werd ends

<9
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ara tke next begins, and the time alignment provlem is far

rore ditticult with <connected <peech than with isolated
wcrds. Nct cnly must the computer time-align individual
wcrds, 1t must also repeat tnis for groups nf words or whole
sentences. <OCnce an input werd is recogrized 1in ccrnected
speech systems, the computer must also decide which word is
rost likely to follow the iaput word.

. Value or Speecn Reccgnition Systems

Cochran and Riley [Ret. 7] 1list the tollowing
acvartages to ccmputer voice entry:
1. Fast learning time
2. Tual modes c? senscry fteedback

Not restrictea to one language

(€]

4, Accuracy

ty

. Simultanecus: Use c¢¢ nands, use o!f eyes, data entry
€. Automratic and rultiprle processing
7

Remcte entry

m

Simple data entry

The learuing tire on a voice inrut device is shorter
than o¢n a Kkeyvtocard cr typewriter, and accuracy is greater
dquring the learnirg period. Because spoken language 1is a
spatural rpart oY life, datva entry using volce is easy cnce
toe individuel ard machine are trained. The auditory and

visual teedbtack imrediately reiunforce correct input and

alert the cperator to ax error [Ref. 7: p. 18@].
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Zecause the machire 1is ~trained’  tc each cperator’s

voice, language ana pronunciation are not critical as long
as the orerator is comnsisteut. This means that regilonal
accernts arnd even Yeoreign languages are acceptable tor use
with the voice irput device [Ref. 7: p. 161].

One ¢f the primary advantages of the vecice input device
{s that 1t frees tke hanas and eyes for other tasks while
inputing data.

Voice entry can be useful when many different or complex
characters need to be eantered in succession. Tke Threshold
T-6¢¢ carn inpput up tc sixteen characters at once with just
ore utterance.

3. Limitations ot Computer Speech Recognition

Althougk the advantages are numerous &nd appealing,
disadvantages and limitation also exist. These include:

1. Cost - Voice data entry devices vary in cost from $200.90
to over $82,2¢0.90. As advances are rade {n high-
speed integrated circuits, «ccsts will <continve tc
1ecrease.

2. VYoice input cen be overheara, making security a (rrobler
{Ret. E].

2. Ambient noise interference.
4., Training and trustration.

&. Limited vccedulary - The user 1is 1liritea to only the
vocabulary which has beeun loaded into corputer merory.

€. Changes 1in wuser voice characteristics can require
retreining [Ref. S$].
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As irp all techbology, advantages and disadvantages
exist. The final test is always the marketplace. In both
civilian and military applications, volce units are
replacing rore and more conventional entry devices.
Cartograrhy, air traftic control training, eaircratt avionic
systems, and rilitary command and control centers are but a
tew of the present users. ladustrial wusers are inmproving
production line and shipping productivity with these devices
by as ruch as 4@% [Ret. 12]. The Navy is utilizing a voice
unit at their fleetFOcean Surveillance Inforration Center,
CINCPAC Fleetv, Hconolulu, Hawaii, to query their intormation
1ata base. General Lynarics recently outfitted an F-1€
fighter aircratft «#ith a pilot-operatea voice vuvnit ftor
feasiniiity tests.

4. CRT Lisplay Techniques

Two rajor classes ot intorration disglay
technologies exist today: the cathode-ray tube (CRT) and the
rlasma ranel. The CRT has existed since the 193¢°s while
plasma desplays were developed in the late 19€@°s. Both use
very diftferent techriaques te display infcrmation.

The CRT vuvtilizes &n electron beearm to excite e
rThesphorous coating which 1o turn emits rhotons. Images can
then be created by directing the electron bear over the

Facsrthorous—coated glass.
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A plasma display is similiar 1in principle tc a neon

tube. It consists of two parallel glass plates each with
mrany parallel conductors. The plates are serarated by a 2.1
millimeter gap filleqd with neon gas. A voltage between the
intersection ot two conducticrs will emit a glew, Many ot
tLese points of light can be medae to form irages.

The B-52G displays were required to disrlay alphanureric
irtfermaticn es well as the radar presentaticen. This meant a
display technique cerable ot tast urdating, which the plasma
display 1is unatle to do [Ret. 11]. Thus, the type of
display selected tor use on the B-Z22G was the rooochrormatic
CRT. WMethcds ot highlighting in®crmaticr cn a monochromatic
CRT include:
¥lashing - Turning displayed titofcrmaticn c¢on ard cf¢ at

arproximately 3-2 Hz.
Inverse Video - Alphanumerics displayed as dark characters
over a white backgrournd.
Iocation - Posiviorn information as in doutle-sracing.
Highlighting - Achievea by overwriting with the electron gun

thus causing the irage 10 stand out.

L. STATEMENT OF THE PROBLEM

Part I of this thesis evaluates operator perforrance ot
the ?2lex targetirg procedure using the present integrated
geyboar1 (IKE) input device enda a voice input device.
Orerator sreed and accuracy were used to evaluate each

syster. Would voice entry improve the operator’s

24
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rertormance as detined by these rarameters? EFach subject

used tcth input devices irn lcading twenty AICM target sets

rer device. A "target set’ 1s detined as the data corprised
0 45 characters the ALCM needs lcaded in its memery tc £fly
to and leocate the target (Figure 11).

Part II compares the way in which this 1infcrmation s
presently displeyed (single-spaced) on the ravigator’s CRT
with twc alterrative metheds of presentation. These 1t1wo
dlternatives are double-spacing and inverse-video.
Characters displayed in inverse-video are <shown as dark
fizures against a white backgrovnd. Ncrrally, characters
are displayed as white characters cver a black ©bpackgrcund,
Puring the inverse-video portion of Part II, as a line is
updated, that line is "inverse-videoed when reinserted into
the target set. It was hoped that this would help the
crerator in scanning the target set in search fcr values 1o
E 0€ changed out.

A caravility of exercising 1t1he {flex targeting ortion
using voice input might sigrniticactly reduce bember expcsure
ir enery airspace, while giving military and civilian

leaders rnore iime tor retargeting decisions based on

A P R 1o e e .t B Y A B PPN e T LG AT

recoanalssarce, changing miiltary arnd pclitical facters,

etc. The rethod of displaying the flex targeting data on

vLe CRT could alsc have a simiiar effect.
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HYPOTHESES
The follcwing hypothesis were tected:

1. Hypothesis Regarding TIME

H° : There is nc di#¢ference in Time tec
epter corplete target sets among
the two 2uiry rodes.

E : Complete target sets will be entered

faster using the voice entry rode.

H : There is no difference in Time to
verify anda correct target sets among
the three tyres of display torrats.
BH : Target sets will be verified and corrected

tastest using the inverse-video tforrat.

2. Hypothesis Regarding ACCURACY

E° : There is no ditterence in the Accuracy
¢ targetr sets among the twe eniry
rodes.

d : Target sets will be entered more

accurately using the volce eniry mcde.

9 : There is no dittference in Accuracy in
verifyirg and correcting target sets
among the three typres of disrlay torrats.

H : Target sets willi be most accurately

veritied and corrected using the iaverse-

video fcrmeat,

2€
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1I. DESCRIPTION OF THE EXPERIMENT

A. OBJECTIVES ANI CONSTRAINTS

The purpcse of this experirent was twotcld, Firsy, 1o
determine whether computer voice technology wes better than
kerboard entry tor loaaing tpne ALCM flex targeting data.
Tke performance of ©opoth enlry methods, computer voice and
the integrated keybcard (IKB), would be measured by subject
input e¢peed, eccuracy, and time versus eccuracy. Secona, to
deterrine which of three rethoas ot aata rresentatlion on the
C37T weculd te test stited Yor the #flex targeting prccedure.
The pertormance ot each display presentation would te
determined by sutject input speed, accuracy, and vime versus
accuracy 1z chéneging 2isplayed flex targeting data.

An effort was made to reccanstruvct the B-£2G navigater’s
Wworkstaticn in ~carrying out these obtjectives. Cnly ALCM
related centrels and displays were incorpecrated intc the

roczup (see Figure ;.

B. EQUIPMENT

1. Naevigator Position

¥Yor the purpose ot this thesis we will assure
threugh some ccmmunicaticns means the B-8zG crew can
successtully receive new ALCM targeting 1intormation ftrom
higher authcerities. Alsc assumed 1s that the information

can be reaaily decoded and handed to the navigator in paper

e’
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rerm which will then ©be manually entered intc the
appropriate ALCM. The keyboara the navigator would use ic
unique to the B-52¢G. It 1interfaces with the Cftfensive
Avionics Syster (OAS) wnich controls both navigation ana
weapons. Botih navigator and radar navigator have a keytoard
&s well as two cathode-ray tube (CRT) displays for each of
their gpesticns (see TFigures 2,4). In actuality, eilther
operator cen change ALCM target information. But in most
cases, and for the purpcse of this thesis, the navigator
will carry out the precceaure {see Table 1).

In simulating the cperaticn of this crew pcsiticn at the
Buman  TFactors Laboratory, an  APPLE Il “plus  €4K
minlcemputer and & CONRAC 7 x 5 1inch CRT display were
tositionea in front of ana above the subject’s seat
rosition. A kxeytoard was built 1o look and operate like the
integrated geyvoard (IKB) founc currently in the B-£2G.

The navigator’s position dimensions and equipment
location for this experiment were obteined from the OAS~-
centigured T-1¢ ravigaticr sirulatcr 1lccated at Wrigh:-
Patterson Air Force Base.

2. lategrated Keybcard {IKB)

In order to measure target Set entry times by
geyboard, a working model of the IKB used in the B-52C was
beilt. Its dimensions ana pertinent keys were Jduplicated
exactly (see Figure 5,6)., Thae IKB was connectied via a Lear

Siegler Inc. AIM-3A terrinal to zn APPLE II minicomputer.

<k
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The AIM-UA wes needed opecause the APPLE Il design 4id not

allow direct connection of <the IKB to the APPLE IIl°’s

deyboard plug directly.

3. Arple 1I Cormpuler

. An AFPLE II “pius” €4K RAM (Random Access Memcry)
rinicorputer was used 1o contirol all vidqeo disrlays on the
CONRAC CRT {see zigure 7,. As each sutject -entered target
set data, tne inforratiorn was stored in rain rerory to bde
prirtee cut afver the sessicn using a MICRCLINE Micron &2
rricter. These rrintouts were laver used to check tor inrput

errers.

e
W

4, Voice Recognition System: T€d2Z

A Thresnold Technoiogy Inc. T-6¢¢ (hereatter

referred 10 as the Ted¢) was used as the voice recognition

pt e r————

. input device (see Figure €). It is a conmercially available
aevice capatle nf recognizirg up 1to ZE€ spoken woras or
rhrases. These phrases or uiterances &s they are called
must be limited to @.1-2.¢ secords in length [Ret. 12].

A short pavse ot at least 9.1 second is requirec between
each utterance. Thus the T€d€ 1< reterred tc as an isolated
or aiscrete speech voice recognition unit. The TEZO® voice

reccgniticn sysiem consists ofY a maln terminal prccessor

unit containing a speeca preprocessor and microcomputer.

The reraining comyonents, the tape cartridge wunit, the
microrhone prearplifier and display (present but not used

during experirecti) are conaected serparately.

i
i
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The micrecphcne used was a ncise cancelling SHURE SM-14. The

TERD was connected to the APPLE Il via an APPLE serial
intertface wiith RS-232 standard input/output.

Wwhen the T€2d receives ap utterance spoken by & subject,
the voice unitv will react ino one of two ways. The uviterance
will pe comperea with those patterns in memrory, and, 1if a
ratcn is found, the <corresygonding output stiring will be
transmitted. The alternative is that no match #ill be found
beilween the utlterance received by the T6¢¢ and that
programred in its memory. If the latter occurs, an audible
“"beep’ 1s soundea with no output string tramsmitted. This
is referred tc @as & rncnreccgniticn. It can result from
either wmisrronunciation ot the wutterance, 7toor initial
training 0f the word, vackegrcund ncise being interpreted by

the TE@¢ as &n utierance, or iack ot T6@¢ reliability.

C. SUBJEZCT SELECTION AND TRAINING

1. Subject Selectioan

Subjiects used for this experiment were students and
faculty of the Naval Postgraaduate School. TFour were female
ard sixteen male. All except flve had ne previous
experience Witk volice entry and none had vsed a E-82ZG IKB

oricr to this experiment. CSeventeen were active duty U.S.

military officers ernd three were civilians.
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2. T€v¥ Vocebpulary Training

Betore the T6€¢ could be used as an iarut device in
place of the IKE, vcice patterns *or ali input ccmmands had
tc be recorded into the TE€E@R2 s remory. This is referred to
as “training”. Sublects would repeat each c*¥ the twenty
voceduiary words (see Aprendix A) ten tires into the
ricrophcre. The micrecemputer within the TEZZ averages the
ter utterances iate one digitel pattern of thet word. This
traiaicg was done <for <each 0% the twenty words. Each
vecapulary Wword had a corresponding output string. Thus, if
the T62¢ recognizes an utierance as zerc , it would output
2 "¢", and so on. The cutput string in the TEZZ can be wup
10 sixteen characters ia lengtk.

After the twenty wordas were treined, each was rereated
three times to contirr the TEZZ was able 10 identity them,
I+ a misrecognition or & nonrecognition ( beep” sound)
occurrea 2 outv of 3 tires or greater for a given word, T
wés retlreired.

2. Integrated Keyboard Training

All subjects had never seen an I£B betcre
perticirating in this exreriment. As stated in the "Script
And Instructions Tc Subjects  .see Apperdix  B), the
operation of the IXB was shown 1o each subject and each was

allcwed unlimited practice uslingy a sample ccrputer oprcecaram

vntil they felt comfortaocle with the IXER.

Mt e dumyrpeungire s
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Legend: NCC
NMC
NIC
NC3
NME
NICZ

into

Intry - An iaru
intc the

D. DEPENDENT VARIABLES

The following veriables were calculate1 for

csets:

Iaput Accuracy Voice

Cutrut Accuracy Voice

Number
pjurter
Lumber
Numrber
humber
humber

Input Accuracy Tyring (IAT)

Cutput accuracy Typing (CATl)

(I

(CAV)

of
c?
of
of
ct

of

Crharacter — Displayed entries which are ultirately lracded

the ALCM.

whlch may cr ray

ALCM.

- - > o - = - ——

N T g

roatiussenpea

Correct Characters 4E/target set
Missing (Characters (same as NMT)
Incorrect Cherécters

€€ max/terze. sez
icsina Intriec (same as

Ircorrect Entries

S Sy

not be ultirately load=d



¥ Correct 2ntries = —=—ccmmer—cwe- x 1z¢
KME + TNE

legend: NCE : Number ot Correct Intries = €8 max/target set
NME : fumter c* Missing Entriec (same as NMC)
TNT : Total hNumber of Zntries =
NCE + NICZ + NFUTCE

Cheracter - Tispleyed entries which sre vitiretely loedea
into the ALCWM,
Irtry - An ioprt which may cr may nct te ultirmately lcaded
into the ALCM.

E. EXPEZRIMENTAL DESIGN AND PRCCEDURE

Each subject first performed Part 1, the Target Loeding
Tas¥ , inm which ne rirst entered 2¢ ALCM target sels
peginning with either the Integrated Xeyboerd (IXB) or tLe
TE€Z¢ voice input device (see Appendix C tor subject order).
Part 1 of this thesis was a two-way desigrn as illvstratea iz
rigure 9. Subject ordaer with the 1two ccnditions was
getermined using arn ABBA crdering metned. This was repeated
tcsing +the second eatlry rethod with the sare target setls.
Per¢crrance ¢t each subject was recorded using data sheets
shown 1in Aprendix T'. The twenty target <ets uséd in Part 7
are ccntained in Appenaix X.

Part Il was a two-way design as illustrated ia Tiguvre
1. This cart c¢¢¥ the thesis was called the “Target
Irformation Verification Task . Here the subject  was
recnired tc examine each ¢! eighteen target sets, crdered in
three groups of <ix , which tad ceen preloazed ty the avthor

(¢cee Aprendix 7).

y
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TARG:T LCADING
TASK

CONCEPTUAL CESIGN (PART I)

Figire ¢

*3

He then ccompared each tc a list in which varicus characters
haa been chenged. Chenges variea from 2 t0o Y characters fer
set., Scme targetl <ets reguired nc ccrrecticos, wkile cthers
required many (see Apiendix G). The sutlect had 0 locate
each value {n the tarzet set tc te changed, and maxe tne

required cLanges (see Tigure 11). Orly the Irtegrated

Keybcard {IKB,) was used as the entry device #or Fart I1.
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TARGET INECRMATION VERIFICATICN TASK

CONCEPTUAL DESIGN {PART II)

Figure 19

Tach ot the three grougrs of six tareet seic reguirec a ictlel
c¥ Z€ randcmly dictributed changes per ercup. 2recur. <The
tirst set of six tvarget sets was diszlayed 1ia a si:zgle-
spaced fcrmat &s is precsently acre in the B-£2G ‘ikig. 11,.
The second set ot six was disriayea in aqoutle-sraced torr.
Tre thirda set ¢f six wee disclayed single-specea, tut as ¢
Line was rmoditied, that line then tecare displayed {n
inverse-videc tcrm. Characters displayed in loverse-videc

are shown as darg figures against & white ‘tackground. Tor

details ot the experimental trccedure, see Arzendix B,
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ALCM LOCATICN AND ITENTIFICATICN CODES

Figure 12




TABLZ:

ACTION

Decsired ALCM is selected
by navigaetor.

Line #1 is selected tc be
changed.

2. New data is eatered using
gxeyteoard fcr lire #1.

New line #1 is ccmpleted;
INTER tutton is pressed.

4 £. Line #2 ls selected tc te
changed.

changead out.

I

RETARGET ING PROCEDURE

This prccedure is cerntinued vntil all

After the last line

the AICM i< ready for launch against its

CRT in frent o0f nav-
igater displays target
intorratior as shown
in Figure 11.

Line #1 is repeated at
pottor of CRT ready t¢
te changed as shewn in
Figure 11.

New lipe #1 arrears at
tottem ¢ CRT as it {s
typed, averwriting the
original line #1.

0ld line #1 is repleceq
bty aew line #1.

Line %2 is repeated at

pottomr of CBT ready te
be changed.

#ive lines rave teer
( #% ) nas teen entered,

new targev.

b e
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In Parts I and II, subjects called ur each target set as
is done in the E-52G using a lettier-numter ccmbinaticn. The
six ALCMs stored uraer the lety aircratt ryler are reterred
t¢c as Al through A6. The eight stored in the bemt bay are
referred to as Bl through B&. The six ALCMs stored under the
right aircraft pylcn are referred tc as Cl1l threugh CE€.
Figure 12 shows rictorally the ildentvitication and position

¢t each ALCM.




I1T. RESULTS

A. INTRCDUCTICN

Restltis fcr Fart I (Targev lcading Task) and Part 11
(Target Inforration Verification Tesk) will be discussed
serarately, For each, the resvlis are sitedivided inte Tire,
Input and Cutput Accuracies, and Time versus Accurecy. PRaw

data analyzed ir this secticn is ccntaired ic Appendixes H

B. RESULTS FOR PART I

1. Timre

Yigure 12 1s a jlot showing the time required tor
each sveject tc load ali tweaty target sets. Keytoard entry
was ftaster than the voice entiry technique for titteen ot the
nineteen sutjects. he difference was ncted in the time tc
cerplete using either tvechnique tor one sutject, while voice
eriry was faster fc¢r tuaree sutiects. The five subjects at
the tar right ot the grarh had rrevious experience with
veice entry. Aralysis «c¢¥ +iklgure 13 indicates no marked
ditterence arong those with prior voice entry experience.
ean and standard deviaticn fer thne voice data are 27.8€ and
2.42 resrectively. Mean ana starderc deviavior tor trte IKR

data are Z4.€4 ard 5.15 respectively.

47
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TABLE II

ANALYSIS CF VARIANCE: SUBJECT BY TIMEI - PART I

SQURCE SS df MS ¥ P
Eetween Subjects 412.43 18 £1.71 1.32 ns
Retween Methoeds £€5.24 1 85.24 5.18 <.2%2
Irror $12 .84 19 1€ .47
Tctal gle.82 39

Thre 1Integrated Xeyboard input method roved teo be
significantily gquicker <tnap ti1he vcice methed as shewn ia
Teble II (P <.Z%).

2. Input Accuracy

Figure 14 shcews Subject by Percent Input fAccuracy.
The IK3 percent input accuracy was higher for 74 percent of
the subjects. Veice wes tetter for 268 percent. This weas
ceofirmed wusiang an Analysis ot Variaance shewn ia Table III.
IKB input accurecy was cigrificantly better {P < .31) +ihan
vcice entry. (In craer to reet requirerects regardineg the
distributions of the date, ean arc-sire trensfermaticn was

arplied 10 the percent inrut accuracies prior to pertcrring

tne Aralyslis c# Variance.;




TABLE 111

ANALYSIS CF VARIANCEZ: SUBJECT BY INPUT ACCURACY - PART I

SOURCE SS dt MS ¥ P
Between Subjects 2.575%y 19 2.2303 1.31
Eetween Methods ¢ .<EZ2E 1 2.22328 12.99 <.21
Errer 2.4383 14 2.2c21
Total 1.2682 39

3. Output Accuracy

Figure 15 <chows Subject versus Fercent Qutput
Accuracy. Analysis of Variance iz Tatle IV contirmed 2o
significant differerce tetween vcice and IK2 percent cutput
accuracies existed. (In order to meet reguirerents
regarding the <distriduticers ¢f the «c¢ata, ar arc-<ine

transtorration was applied to the percent output accuracies

pricr tec pertfcrming the Analysis c* Variance.)
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TABLE 1V

ANALYSIS Ok VARIANCE: SUBJECT BY OUTPUT ACCURACY - PART I

SOURCE 5SS as MS ¥ P
Between Subjects 0 .794€ 19 P.241¢& <1 ns
- Between Methods ¢.2214 1 2.0214 <1 ns
Error 1.2590 1v ©.2558
Total 1.87€¢ 24y

4. Time Versus Accurecy

Figures 1€ tarough 1Y% <chow Ixnyut aand Qutrut

o)

Accuracies plctted against Time #fcr beth velice and IKB entry
methods. Filgure 1€ shows no aprareat tradeoft bYHeiween
Fercent Input Accuracy and Time for veice entry. Hhcwever,

Figure 17 througn 19 snow rronounced increases in accuracies !

as time to cecrplete the tasi increased.
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C. RESULTS ¥CR PART 1I1I
1. Time

Figure 2¢ shows eaverage times for each of the three
disrlay torrats tested. Analysis of Variance between the
three displey formats <shecwn in Table VYV indicated ne
significant ditterences. Eowever, a signiticant ditference

between subjects (P <.21, was detvected.

TABLE V

ANALYSIS OF VARIANCE: TINME
BY DISPLAY FORMATS - PART II

SOURCZ SS 1f MS ¥ P
Between Sutjects 37.52 19 1.97 4.4°8 <.21
Retween Methods 1.1% 2 2.87 1.2 ns
irrer 16.7€ 3€ 2.44

Total cE.at £y
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2. Input Accureacy

¥igure 21 shows Mean Input Accuracy vplotted

agalnst each Display kcrmat. Nc significant difference was

tound between display tormats as shown in the

Analysis

of

Variance in Tatle VI. {In order tc mweet requirements

regarding the distributions of <the data,

an

arc-sine

transfcrmation was applied te the percent innut accuracles

prior to performing the Aralysis of Varience.)

TABLE VI

ANALYSIS CF VARIANCE: SUBJECT BY
INPUT ACCURACY - PAERT II

SCURCE SS dt MS
Between Subjects 2 .940¢& 19 0.0495
Retween Methods 2.2233 g 2.211€
Errer 1.71¢5 38 2.2450
Tctel 2 .E74€ Sy

EQ
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3. Ovuvtrut Accuracy

Figure 2 shcws Mean Qutput Accuracy pletted
2against each Display Forrat. No significant dAifferences
were ccmputed as skhcewrn in the Aralysis ot Variance in  Tatle
VII. (In oraer to mreet rejuirements regarding the
distributions ot the data, au arc-sine trans¥orration was
applied to the percent outputl accuréacles prior to performing

the Analysis ot Variance.)

TABLE VII

ANALYSIS CF VARIANCE: SUBJECT BY
QUTPUT ACCURACY - PART II

SOURCE S8 it MS F P
Between Subjects c.€1¢ 19 2.138 1.4 ns
Between Methods ¢.e96 2 ¢.c48 <1 ns
Error 3.18Y 3& 0.284

Total £.868 9
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4. Time Versus Accuracy

Apalyslis ot Varliance tor subject times aod input and
cutput accuracies snewed rc signiticant differences.
However, plots ot Percernt Input Accuracy versus Time tor the

three display <fcrmats irdicate the dcutle-cspace formag

resulted ir the best percent input accuracy over tire.
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IV. CCNCLUSICNS AND RECCMMENDATICAS

A. GENERAL

The purpose of this thesis has been twofold. Part I
investigated the use ¢¥ a discrete voice entry system in
loading Air Launch Cruise Missile (ALCM) target information.
A direct compariscn was made between velice entry and the
irtegrated keytoard (IKB) presently operationel. Time to
lcad, lnput and cutprt accuracies, and tire versus accuracy
reasurerents were recorded for each of the twenty subjects.

Part Il investigated three means of disrlasing the ALCM
terget information or a CRT. Information wés updated uvsing
single-spaced, doutlie-spaced, a4and 1lnverse-video formats.
Cnly the IEKR was used in Part II. Tirme to update, input &n
cutput accuracies and time versus accuracy measurementis were

recordied for each subject.

B. CONCILJSICNS
1. Part 1
It had bdeen hyrothesized that target sets would DYe
entered Yaster wusing the vecice entry methed. However, the
IKB was signiticantly taster (P < .2%8) than the voice
rethed. It was suspected that this may have teen duvue in
part to first time vse ot the voice entry device by fifteen

out c? tventy sutjects. 2ue to experimental time

constraints, subjects had at most 16-3¢ mizutes to rractice

€7




with volice entry prior tc running the experiment. However,

anelysis of Flgure 13 shows that only two out of the five
subjects with irior veice entiry exzerience accorrlished data
entry quicker using voice. Thus, prior exposure to voice
did not imrrove subject eantry times. 111 should be noted
thet 4espite slower input speeds using voice entry, €2
rercent ot the subjects preterrea voice entry use over the
IXB.

It should be noted that a discrete voice unit was used
¢cr this  experiment. However, a ccnnected speech”
recognition unit would have been more approrriate for this
task, and probably would have shcwn faster input times. A
connected speech systém i1s able to receive multiple {inputs
at cnce, ie., "1-4-3-2-5", with no pause between utterances.
This more natural speech would te more comparadle with
geytoard entry than the discrete vcice entry. Unfortunately
such a syster was not available.

It was hypcthesized that target sets would be entered
rore accurately using the voice entry method. The IKRB was
significantiy higher in input accuracy (P < .21) than voice
Entry. Thus fewer corrections were wmade to data on the
screen tetfore committing it t¢ the weapcn usineg the IKER
entry technique rather then voice entry.

Another tactor which eftfected input accuracy was the

treining of the voice unit by the subject. Eech utterance

was rereated three times in oraer to detect poor 1traianing.

-
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If the voice unit had problems recognizing an vtterance
either atter training or during practice, that word was
retrained. In many instances it was not ncticed uwntil well
into the experiment that certain words had either teen
pecerly trained or were telng prenounced differently by the
subject. Charnges ir prenunciation mey also be attributsd to
the stress irpcsea by the experirent which was not present
during the vocebdbulary training session. Regardless of the
explaination, subjects made less errors using the IKB rethod
of entry.

No signiticant difterence in the outrut accuracy existed
tetwveen input devices. This indicates the 4ata was checked
equally well by each subject prior to entering the data and
mcving on ¢ the 1pext weapon, Iirrespective ¢f entry
technique.

No arrarent tradeott was noted between Percent Input
Accuracy and Time for voice entry (see Figure 16). However,
rronounced increases in accuracy were noted tor Percent
Irput Accuracy by Time using the IKB (see Figures 17).

Possible tatigue was susiected during the voice entry
pertion in Part I. Subsequent analysis of all
risrecognitions and nonrecocgnitions over the twenty tlarget
sets shewed an lincrease in average errcrs 4as the the
experiment progresseq, but this incresse was not

statistically signiticant (see Table XIII).

€9
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i 2. Part 1II

R

It was hypothesized that target sets would be
verified and corrected quickest and most accurately using
3 the inverse~video format. Analysis showed no significant
differences in tire, inrut or output accuracies, and time
versus accuracy between the three display forrets tested.
This was rather suprising. It was origlnally telieved the

single-space format would reguire much mcre tirme and indquce

. rore errors than the other two methods. There were i
differences in subject preference among the three display |
formats. The double-srace format was gfpreferred by 6%
percent, as compared with z¢ percent for the inverse-video

and 15 percent tor the single-srace.

C. RECOMMENTATIONS

Based on the data in Partvt I it canm bYbe concluded that
while voice entry s detinitely preterred, the IKE is
surerior in entry speed and input accuracy. Due to lirited
rescurces, this thesis had <¢nly a discrete voice entry
device to measure ageinst an IKB. It is the author’s
cpinion that a ccrected volce unit would have shown much

greater input speeds than the daiscrete uvnit wused here.

Thus, voice applicaticns in areas requiring quick lcading ot

single characters should look toward the continuous voice

systems fror irprovenent over conventional keytoard entry

devices. j
i
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While there was 1no significant difference among the
three disrlay tormats, it is suggested that the adouble-space
display format be used. Use of this format would incur no
additvional cost and would satisty user rreference.

It might be desirable tc ccmpare the effectiveness c¢f
the three display forrats under subject posed and
experimenter posed conditliors. Thus, the effect of stress
coulad be Simulated.

A vriet examination of ncorecognitions in Table XIV
indicated that the terrs 2, Z, 4, 2rd 5 were more often not
recognized them the other numerical terms. A j(? was
performed on the frequencies observed for the @ through Y
enptries and a 7(2 value of 137.53 was ottained (1¢ dt, P <
.2e1). The © through Y values had been darawn from a table
of random numbers, <thus each had an equal precbability of
being misreccgnized. The data suggests that the entries
2, 2, 4, and £ are over-represented while the entries Y ang

3 are under-represenied.
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APPENTIX A

Lecation
Register

T60¢ VOCABULARY LIST

T6CQ
Output

Zero
one

twoO
three
four
five
six
seven
eight
nine
control
rodity
erter
yes

no

alfa
brevo
charlie
lefy
right

e !




T e wwnderes ]

APPENTIX B

SCRIPT & INSTRUCTIONS TO SUBJECTS

1) The CRT anrd the integrated keyboerda (IEB) you see
here are similiar tc these tound at the navigator’s position
in the B-£2G. I will pe measuring your ability to 1load
target information in actual ALCM formats using keyboard and
vcice entry. The experiment is 41ivided 1into two parts.
Part I will require you to load 22 ALCM target sets using
both the IKB and voice entry. Part II will require you to
call up each of six AILCM target sets I Lave prelcaded, and
rake corrections to ther if necessary with new values yovu
will bhave 1in fromt ot you. This will be dore three times,
each with a different CRT display forrat.

2) Show thotos (Figures 3,4) ot navigator”s position in
B-526. Show actual IKR (Figure £; and the werkirg model
used in experirent (Figure €).

3) If the vcice wunit is wused first, trair the 20
vocabulary words at this time. Explain the theory ot voice
ertry. After words have been traiaed, have subject repeat
each three times, confirming the voice unit can understand
at least two out of the three utteraaces. For each werd
failing the above test, have subject retrain that word.

4) Show subject typlical ALCM target sets. Run practice

computer prograr. Show subject how to cell up, enter,

modify, etc., target setis.




You have as ruch tire as you feel 1is necessary to

Fractice, When you feel comtfortable with the procedure, we
will proceed with Part I c¢f the exreriment.

(Answer any questions and assist if necessary.)

) You will be given 2¢ ALCM target sets printed cn 3
sheets ot parer. when I say, reaay, begin’, enter the sets
as ftast as pcssible while meintaining accurate inputs. 1¢
you make a mistake, be sure 1o correct it.

Any questicns? Ready, begin.

6) Repeat above paragrarhs (4) and (%) wusing other
entry method, after subject completes a ten minute break.

7) We will now begin Part II of the experimenti. I have
prelcaded 18 ALCM target sets in three grcups of six. TYou
will be given each set ot these six target sets separately
on a shkeet cf paper with scre ¢t the values changed. You
will bte required tv0 display each target set on the CRT,
ccmpare it tc the correspcnding terget set cn the paper, and
rake the necessary corrections to the target set on the CRT.
Some target sets will require no corrections, while others
will require marny. Each group ot six target sets will be
displayed on the CRT ir cne of three ways: single- speced,
dcubtle~-sraced, Or inverse-video.

Show sutject example of ALCM target <cets with changed
values on a sheetv of parer. Run practice corputer program,
Allcw subject to practice urtil he 1s comfertable with the

procedure.




k

You have as ruch tire as you +feel 1is necessary 1to
practice. When ycu teel ccmfortavle with the precedure, we
will proceed with Part II ot the experiment.

(Arswer any questions and assist it necessary.)

&) Repeat item #7 if subject tails to understand Part
I1 of the experiment.

If you make a mistake, be sure to correct it.

Any questions? Ready, begin.

y) Repeat above paragrapks (?) and (&) wusing other

entiry rethod.




APPENTIX C

EXPFRIMENTAL ORDER FQR SURJECTS

SUBJECTS 1,3,%2,7,9,11,13,15,17,19 pertcrmed Part I1 o# the

experiment in the following order:
Target Lcading Task - Volce,Keytcard

SUBRJECTS 2,4,€,8,10,12,14,1€,1£,20 perforred Part II ot the

experiment in the fcllcewing crder:

Target Loading Task - Keyboard,Voice

SUBJECTS 1,2,3,5,8,7,9,11,13 ©pertormed Part II of the
experirent in the tollowing order:
Target Informaticpn Verification Task -
Single-Spaced, Double~Spaced, Inverse-Video
SUBJECTS 15,17,19,4,6 performed Part Il of the experiment in
the following order:
Target Intforration Veritfication Task -
Couble-Spaced, Inverse-Video, Single-Spaced
SUBJECTS 10,12,14,16,18,2¢ rfertormed Part 11 ot the
experiment ir the fcllewing order:
Target Intorration Veritication Task -
Inverse-Videc, Single-Spaced, Double-Spaced
Note: All twerty subjects performed first
Fart I, Target Loading Task . This

was follcwed by Part II, "Target
Information Verification Task .

7€




_____________ RANK: _ _ o ____
_____________ SERVICE: ____________
ACCURACY
IAT _
0AT ________
1AV ________
OAV

APPENDIX T

SUBJECT DATA SHBEETS
TARGET LOADING TASK CATA SHEET

VOICE or KEYBOART

NME = NMC

-_—— - -

% Ccrrect Entries:

- - -
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TARGET INFCRMATION VERIFICATION DATA SHEET

CIRCLE ONE:

ACCURACY
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KEYBOARD
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INVERSE-VIDEQ
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TARGET INFORMATION VERIFICATION DATA SHEET
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e o s T A o e o e e e T s T et e S T T s et e - = - Y = i St T A " s . = A~ = ———— = s S —
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8] 38} ) u)

# Incorrect Char.
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B6
B7
B8
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4 APPENDIX E

TARGET LOADING TASK INPUT DATA LIST

WEAPON Al N318€4725

£467214065
1965430873
Y7231€E8745Y

€1498

O AN

L WEAPON A2 : N19857435

ES75€ER7525
1£109347E3
53272361071

4091z

N CAN)

PR

WEAPON A3 : NEBB72139
£E120957264
129£725482
P73ELTEE3B4

28158

D (AN
e et SEOGRN Y ety ah )

WEAPON A4 NEZ659374

EE98326188 |
3871946572 il
Z£3866108€4 '

1&4£2

b AN P

WEAPON AS : N1g725497

E728552047
1850724872
75189473575 )
ZEB3E 5

> AN

WEAPCN AE N16£00364
EEBR375724
2734712041
16406437553

65838

o o

e R S T




WEAPON

WEAPON

WEAPON

WEAPON

WEAPON

WEAPON

WEAPON

B1

B2

B3

B4

BS

EE

B7?

W I = OV € D) = N (AN - (S0 P (v O (A N = (M N

OV (AN

N17896354
£1946828&E3
5481937906
64868351041
8€387

N52849654
E107452749
107£382687
63956272651
207%€

N1Z474€E28
EZ85638361
6120346246
21882984752
65820

N@14728€3
£184644278
1238565275
27452865375
1£83%2

NEE6 12086
EE81902642
1943028474
@285791€491
6c8z21

N1923847%
EQR7361856
745229813€
2&€1048291%4
68264

NB746382
EETE103856
5482107462
120825483217
€£741




WEAPON

WIAPON

WEAPON

WEAPON

WEAPON

WEAFON

WEAPCN

B8

C1

c2

€3

Ce :

ce

e (AN e AN (6" SR ST N> CAN M AN OV N -

A CANY P

N582861¢8
£1936568c8
1037861937
18401746218
51973

N1Q3£4826
E102462651
6295016472
257418485226
1¢2%5

N17494€25
Fe29E75812%7
4614374628
108173E€15€1
19€€S

N56194215
Eabceog462
910826572€
51972658254
7E38<c

N21735473
E197562743
1€5E2€4634
£19862710¢64
61028

N10741970
¥y63857224
5629621652
5103€5€Ec514
€z814

N86952753
£10638567¢
1652923647
21758265781
0153¢&




APPENDIX F

b TARGET INFORMATION VERIFICATICN TASK
| PRELOADEL TARGET SETS

Summary ot #characters/line to be changed out:
Seven hundrea seventy-four total characters are possibple i

to be changed out in all 18 target sets. A value ot 1@% was

- chosen to be changed out by each subject. Ten percent of {
774 = 7€, the number chosen to be changed out. 1

All eighteen terget sets were divided intc three groups |

of six target sets/display method. ©Each ¢f the three grougs

had <€ characters tc bpe changed out. Characters tc ©be

kg e o

changed out were selecied ranaomly.

#Characters/line to i
be changed out:
1

WEAPON A1 : Ng274638<2

EC78103856
£4521274€2
17825483217

62741

O (AN =
[SESEIRSNGS )

WEAPON A2 N1324826

E1¢02462651
6295016472
C97418452€
1275

DN QN -
[Nl SR




e

WEAPON

WEIAPCN

WXIAPON

WEAPON

WEAPON

WEAPON

A3

A4

A€

B1

B2

O (A N [$)00 N VIS O (RN O AN N A N -

N BN

o o i ST

NEZEDYI74
EEQB3L6188
3E71946572
<B3BEB1YEESL
1c4€2.

NZ1864725
E4672140285
196E438E73
97831687439
6149&

N13474638
E285638361
6120346246
018EcYEe7E2
65822

N21472863
£184644278
1¢£38565275
07452865375
1283«

N17494625
EEZYC?5127
4cl10374€28
1¢817381561
195€5&

NEEET2132
2122957264
12905725482
B736<L7EEZES
28158

v ot

.

#Characters/line to
be changed out:

QNS SRR SR SRS N e QN O [(SESNE NS TN

RSN -

RISy | *




WEAPON

WEAPON

WIZAPON

WEAPON

WEZAPON

WEAPCN

B3

B4

B6

B?

B8

O M- M 3 N M GO AN (W AN P

O N

N1223847%
Ep27361656
7452298136
08164825154
68264

NEBYS2753
E19€38E€72
1€53903€47
217582657¢€1
01538

N1749462¢
E6295751@7
4€10374€cE
14817381£€61
19565

N198E7435
ES7368752E
121¢934753
58272361071
4¢91c

N178Y6354
E194653€L3
£4619379¢€
648683519041
BEJS7

NEB2E6108
E19365682¢
1237561937
1£40174€218
51273

#Characters/line to
be .changed out:

R N QW QNS NS Qs8I

[ SIS ST

-




; #Characters/line to
te changed out:

NZ147ZBE3
£184644278
1¢365652795
B74E2E€5375
12832

WEAPON C1 :

(N N -
SIS SIS N

N19725497
E728552047
1880724272
75189473575
<€B83€

WEAPON C2 :

G CAN
[C RSN SR V]

WEAPON C3 NEZB4LYEEL
E1¢7452749
1275382€87
ESYEE2TLEEL
2¢756

i RN
SRS T WS

MEE194015
E4528p8462
9108265726
51072€58254
72382

WZAPON Ca :

Y

(S0 N & S
[ RSN VRS

o e e e

g9




Jp=C

~ % APPENDIX G

S REVISED 1ARGET SETS T0 BE UPDATED IN PART 11
TARGET INFORMATION VERIFICATION TASK

i
= SINGLE~SPACED DISPLAY FORMAT

NQ7 342894
FEE78103EL6
S5¢8L1e7462
1g8z£485217
Ec741

WEAPON Al

se

(N AN -

N1¢254826
E10z4€2671
695016472
2y741845226
12275

WEAPON A2

O W (AN -

NEZEESZ74
£758826381
377394€571 g
2u366610664
16452

AEAPON A3 :

O AN

WEAPON A4 : N318€4725

£46721408°%
1965432473
YeP0168743y

61498

e AN

WEAPGN A5 N1342468

E185€38371
€160246246
21852854752
3EEc0

G AN -

N21472663
£18464427€
1p38L65278
g74EZBEEZTE
15822

WEAPON A€ :

N (AN

Y0 | ]




WEAPON

WEAPON

WEAPON

WEAPON

WEAPON

2EAPCN

B

B4

BS

B6

.o

> AN - ok NP N (AN N (AN [& 00 S O VI o

R AN

DOUBLE-SPACED DISPLAY FORMAT

N176946<5
F629575107
4€1037EEVE
1¢817381E€1
19565

NEEET2E30
Ep229E72€4
1295725482
g73€ECPEEIL4
<b1E8

N16238375
E175340833
7482298136
98164829154
€6z€4

NEGOGERTE3
E106385672
1253903647
21728265081
21548

N1769462S
FE2YETELLT
461¢375678
12€8173818€1
19%€<

N15867495
EY?3€87025
1210934753
52272361¢71
4291z

91




WEAPON

WEAPCN

WEAPGN

WEAPON

WEAPCN

WEAPCN

B7?

Be

C1

€3

(S-S 02 AV N o (R AN (S0 S A VI N €A N = N A N

OV GRS

INVERSE-VIDEC DISPLAY FORMAT

N778963 54
FYg028314€
54219371¢6
€4E6E83551041
BEZET

NE74E6001
E1YE65€6&28
1427E€1937
184¢1746218
01e73

NZ14728€3
E184644278
10385€5275
@74S286E37E
15832

N17724497
EB2ELEEZE4T7
185¢724572
7-18Y47357C
29€37

N52849654
E10945274y
172382687
62956272651
<L7E2€

NEE1Y4P1E
£g528¢8461
Y1BEZEDTZE
C1Q72€E8254
77689

bz
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TABLE IX

SUBJECT FRRORS: TARGET LCADING TASK

(VOICE)

SUB.#) NIC | NEC | NICE | NMC | NCE | TNE |{% CORRECT ENTR.

- - ——— - — A G- S G- i e T e B S B e G G I G S G @ W > S et S S G S S e G S v S Wt G T N W e G I >

1 V1 4 4 } 3 4 2 | 121 | 1Z€8 ! %99 .2 {
2 Vo2 ti1w ) o6ee Vo7 l12ee ) 1412 | 291.6 i
3 V1 b7 o) we V2 ) 1z ! 1413 | 291.0 !
¢ ) 4 | 7 iV 49 | 2 1 1311 | 1398 | 263, E :
5 03 121 1} ow® 0 2 i 1287 | 1442 | 28y, ¢ )
g€ ! & ) & | a7 } 7 i 1313 ! 13yz | 93 .Y |
7 ) % 12y} B@ | @ | 1312 | 1422 | %292.2 '
& | 1 1 1g ) 32 | 45 | 1349 | 14¢8 | $92.€ ]
y ' g V17 Vo1 V£ )1zry ! 1430 | %8y .3 '
12 L 4 ez L €1 L @ | 1329 | 1240 | %92 .9 i
*=11 | 1 |21} 81 | ¢ | 1279 | 1418 | X9¢.2 :
12 ! @ Y1 ! a4 | @ | 131€ | 139y | TY4 .1 '
®12 ) & 4 & 1 41 | 45 | 1319 | 1378 | r52.7 |
14 ' 1 i 5 | 22 ! e ., 1328 | 1292 | 2496.1 i
®»15 o7 Loaz U gy | 1g | 1271 | 1449 | 287.1 :
16 | § | 17 ) 108 | 2 ; 1<82 | 1444 | %RE .7 '
®17 3 | g7 1118 | g | 1242 | 1436 | XEE.5 '
1€ ' & 116 ) 41 | 1e | 1319 | 14c0 | ¥u3 .5 |
*1y  } 1 ) 09 ) 28 |, g ) 1%z& | 1391 | %98 .3 |
22 114 | 2 V11e ) 9 | 1282 | 1449 | ¥e5.,7 i

P T T L P Y T o T L T T T T e T Y P T T T T T - 24

TZGEND: NIC: Nunmber Incorrect Charactiers
NEC: Number Zntries Corrected
NICEZ: Nurber of Incorrect Entries = NIC + NEC
NMC: Nunber Missing Characters (sarme as NME)
NCE: Number Ccrrect Entries
TNE: Total Numrber Errors
¥ : Previous Experience with Voice Input

(The voice portion of NICE also includes the number
ot voice unit ncorecognitions and missrecognitions)
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o st et s b

TABLE XI

SUBJECT ERKORS: TARGET INFORMATION VERIFICATION TASK

N (DOUBLE-SPACET FORMAT)

- - —

SUB.#! MIC | NEC | NICE | NMC | NCE | TNE !% CCRRECT ENTR.

, 1 7 e | 4 | & | 1 | 128 | 141 | %G9.1 |
( c g Vo oe | g | ¢ ! 13z | 136 | 297.1 !
f 2 11 0 o8 6 + e | 126 !} 141 | %289.4 i
. 4 | 5 | ¢ |} 5 ' g 127 | 132 | %96.2 :
' 5 g Vg | 2 |} o ) 13z | 132 ! %100 .90 i
e 2z 11 3 1 e | 129 | 134 | %96.3 {

7 e | 1 ! 1 ) e ] 131 ) 134 | T97.8 ]

& Vo1 0 @ | 1 ) e 1131 ) 134 ! %Y6.3 !

y 1 0 3 4 | g 128 ! 138 | %92.8 !

1 | 1 | 1 ! 2 | 1 | 132 | 124 | 296.3 i

11 ) e o1 | 1 ) 1 ) 131 ) 134 | %97 .0 !

12 | @ | T 3 1 9 112 | 134 | 256.3 |

3 1 )1 2 | 1 ! 13¢ | 128 | 293.5 |

14 ! 3 ! 1 ! 4 1 128 | 144 ! LEE.D |

1 4 e | 1 1 V1 ) 13T |} 137 | %94 .9 !

16 | 1 | 4 ! 5 | 2 1127 | 14¢ ! %E€Y.4 |

- i/ B B B B 2 ) 1 412y ! o147 ) %87.2 !
6 1 ) T | & |} ¢ ;128 | 137 | %93 .4 '

19 | 1 | 2 | I 4 e | 129 | 136 | %94,9 |

@ ! e ! 3 | 3 | g )1zy V138 | 2u3.5 !

22 ottt 2t 2 2 4t i 2t 2 3t - 2+t 3 2+t X 4+ 1 2+ 3 ¢+ 3

LEGEND: NIC: Number Incorrect Characters
NEC: Number Entries Corrected
NICE: Nurber of Incorrect Entries = NIC + NEC
MMC: Number Missing Characters (sare as NME)
NCE: Nurber Correct Entries
TNE: Total Number Zrrors
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TABLE XI1

SUBJECT ERRORS: TARGET INFCERMATION VERIFICATICN TASK

(INVERSE-VIDEO FORMAT)

NICE | NMC } NCE | TNE !% CORRECT ENTR.

T — - — G = . —— . ——— " — G S —  ——— o — - -

'
1} 2 4V o ¢ | 9 | 115 | 118 | %122 .0 i
2 Ve |V e | ¢ | e | 118 | 121 ! 295.0 !
3 ! 2 )V 2 | g | © ! 118 ! 118 ! %100 .0 ! |
& L g | 2 | g | 3 ! 118 | 118 | %97 .58 !
5 7 Ve ) 7 e | ige | 118 | %283.9 |
€ | ¢ | g | g |} 2 ) 1ic ' 115 ! YYE.3 !
7 Ve ) 1 | 1 1 92 | 114 |} 1285 | %91.2 '
g | e | e | g | e | 115 | 115 ! z10e.¢ i
g | e ' 1 ) g | o ) 114 | 117 ! 297 .4 !
1 ! 8 1 z | 2 V¢ | 112 ) 119 | %95 .0 d
11 18 { ¢ !} 18 | ¢ | 97 | 115 ! 284,3 i
1z | 5 + 2 | 7 V9 | iee | 118 | 253.9 !
13 ! e 7 | ?7 | € | 16 |} 121 | %89 .3 !
14 | 3 1 1 | 4 | 1 } 11y o127 | XE6.7 |
15 Vo Ve | g | @ | 115 ! 118 ! ¥49?7.5 !
1 V9 2 Vo o12 Vo1 )18 ) 124 ! %E2.4 d
7 o2 1 e | 2 { e 1z |11 | %98.3 f
1€ | 2 1 e ! ¢ I v ) 11 | 118 ! %100 .0 |
19 Y 1 b o2 ! 2 9 11 b o1ze ! %92.3 !
2 ¢+ 1 4 2 | 1 1 ¢ | 114 | 118 ! %99.1 !

TR I I v e e W e v T e YT P T S o S Sar S o S N e S S v A S e et e e T R S SR e St S A e S A S o D - T e
X S bt 2 b 2t 2+ L 1 4 <+ >+ S -+ -+ 2 3 3+ E 4 4+ -1 1T+ &+ -3

LEGEND: NIC: Nurbver Incorrect Characters
NEC: Number Entries Corrected
NICE: Nurber of Incorrect Entries = NIC + NEC
NMC: Nurber Missing Characters (sare as NME)
NCE: Number Correct Entries
ThNE: Total Number Errors
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~ AR

¥
s L
ot !
K |!
TABLE X1V
NCNRECOGNITICNS OF UTTERANCES BY ENTRY
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