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ABSTRACT

This thesis 1nvestizate§ tne feasibility of voice 4data
enatry for 1imesery 1intelligence order of battle reporting.
Tire, accuracy, and efficiency were measured for 2¢ subjects
in en experiment physically simulating the use of a light
table, optics, and an interactive computer system for
repcrtine. A Threshcld Techneclogy Irc. TECP® volice
recognition system was used for a large, vunstructured
vocabulary (255 words) of unclassified Soviet/Warsaw Pact
equiprent names, alrhanumerics, and editing commands. The
T€ZZ reccgniton accuracy for this experiment was 97.0%
withcut rejects, and 95,5% with rejects.

Buffered voice and unbuffered voice mecdes of the TEES
were evaluated with typing: bduffered voice was 88% faster,
end unbuffered vcice 41% faster than typing. Voice was elsc
found to Dbde as accurate as typing for writing short
ocrder of Yattle reports. Finally, sutjects preferred

voice for several criteria evaluated before and after the

experiment.
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I. BACKGROUND LZACING TO EXPERIMENTATICH

A. INTRCDUCTION

Tais thesis investigates the potential application cf
autcematic speech recognition (ASR) techrology to military
imagsery 1interrretatior rerorting. It stems from the
author’s background in three areas: imagery interpretation,
Intelligence DYata Hendling Systers (IDES), and recent
exposure to the Vberefits of voice data entry as é&n
alternative modality for interacting with macnines,
especially computers. |

The need for the thesis arises from twe areas: the need
tc evaluate and advance current ASR technolegy without ma jer
redesign of systems; and the need for faster, reliable
reperting systems Scr the intelligence community. OIr. wayne
lea and Dr. Gary Poock called for the evaluation of state-
¢f-the-art ASR equipment, specifically, to evaluate input
modelities, e.g. voice versus typing [Refs. 1 and 2]. The
intelligence commurity 1s <continually seeking ways tec
improve performence of imagery sensors and explocitation and
reporting systems, and 1is very 1iaterested in ways of
reducing costs while improving the quality c¢f 1intelligence
to tactical and strateglic users.

The Soviet Union and the Wwarsaw Pact countries are

expected to employ mass, mobility, and surprise tactics in

12
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any future Europearn attack scenario on our Morth Atlantic

Treaty Organizaticn (NATC) Alllies. The speed and range of

modern weapoanry leave little or no room for mistakes 1in

responding to crisis situaticns. DTecision-making iz minutes ?_

Pl el

or even seconds is a requirement today, and is likely to be

%
microelectronic components for sensor eand weapons conrtrol,

f
[1 mcre critical in the future with the 1increased use cf
]
&r

et e~

and faster, more redundant, survivatle, and interoperabdble

communications facilities. National Commend Authorities,

e o ©

5 G.5. Strategic and Tactical Forces, and NATO Theater Forces

mest have accurate, timely, and complete 4indications and

- e ife el

warning (I&W) 1intelligence of tne enemy’s real intentions

-

,? and capabilities. Once hnestilities begin, with today’s
"Q warfignting technology, military cormanders will require
& near-real-time (NRT) combat informaticr to enadle them tc
;1 . rrovide effective command aand <control of their forces to
ccunter the enemy.

Globvally, intelligence must be availabvle ~for
. national security decisions regarding aprropriate
responses to international terrorism and the unwarranted

iatervention of foreign rowers into the affairs of

3 Abis

other nations. Additicrally, intelligence ie
required for long~range planning estimates to support the

acouisition of the test possibdble mix of forces to ;

meet mission requirements {in support of basic U.S.

rolicy and objectives. Finally, 1intelligence must

13
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contirually support Strategic Nuclear Command and Control

forces which rust always be at a sufficient state of
readiress t¢ rrevide nuclear deterrence.

The following tasic command end control model in VFigure
1 was adapted <frem the werk of Dr. Jecel Lawson, Technical
Director, Naval Electronics Systems Command {Ref. 2]. /It is
shown here to illustrate the importance ¢f the intelligence
process in providing support to command and <control of
forces in war and peace. Note that it does little good tc
rrovide better sensors without alsc impreving the atility to
compare the information derived with objectives and
historical information iz <conjunction with intelligence
analysis, inherert 1in the “compare” ©process. In the
reconnaissance area, imagery exploitation and rerorting
would fall wunder the “ccmpare” furction of the system, and
as such can be & major information “bottlemeck” if not
capable of effectively processing the sensor cutput to meet

the informatior needs of the decision-meker.

14
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Figure 1. Basic Command and Control Model
Regarding the central importance of the command and
control process, Dr. lawson states,
...the central problem of command control 1is producing
an up-to-date geograrhic display of the location of
things.” Besides purely tne location of things he [the
commander] needs to know what [the] things are, what is
their identity, or who do they belong to and what 1is
thelr status.
Imagery is a key source of such information, and is thus a
rajlor contributor to the cormand and control process.
Automated imagery interpretaticn reporting systems have
been employed for strategic and theater support for over 1¢

years, and new systems which include exploitatior aids are

teing derloyed to tactical units now. They have

15
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sizrificantly reduced the time t¢ explcit andéd report all
types of imagery intelligence. Eowever, the man-machire y

interface research and development c¢f these <systems rmust

continue to meet future challenges facing the intelligence ’

comrunity. Significant volumes of iragery intelligence will

te availadble frem NRT dizital imagery semsors in thae future,

haliealia

and the best possible man-machice interface must be sought

it

e ol

to effectively exploit ISWw, order c¢? tattle, targeting, and
darmage assessment intelligence available frem imagery. A

Reporting speed and accuracy, manpower reductions,and P
increased throughput are worthy design goals for new or
improved imagery exploitaticn and reportineg systems. Velce -

data entry 1is one newly evolving techrology that offers

significant potential toward these gcals. Dr. ¥Wayre lea, in

SN LT 2N i .',.. . f:?.’,, i

the introduction to his book Trends in Speech Recogaition,

198¢, sald:

Speech input seems to offer a truly natural mode of
human-machine communicaticn that, 1f attailnable in a
cost-effective way, would be vunsurpassed in making
computers and other mechanical devices truly cooperative ;1
servarts of mankind, rather than lncreasing the demands

A on the human to adapt to the machine [Ref. 4]. |

PRI LAY .

The next section bdbriefly overviews the functions of 1

imagery reporting systems, provides scme examples of

% systems for today and tomorrow, and mentions some specific

4
‘ requirements which lead to the desirability of voice
§ data entry for imagery intellligence reporting.
!
‘
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A

D IMAGERY INTERPRETATION REPORTING SYSTEMS
1. Functions |

A military imagery interpretation system tasically

Ry So e
e

fvnctions to provide support for first, second, and third

rhase exrloitation of multi-sensor iragery in response to

tasking from parent or outside user orgenizations. These

—_— . "
- okl

thases represent three levels of depth of imagery analysis
in  accordance with Defense Intelligence Agency (DIA)
standard repcrting prccedures, data elements, ani
requirements.

First and secoad rhase reports represent the bulk of

tae werk, and are called Initial/Supplementary Fhoto

VRS-SRS ) 1

Interpretation Reports (IPIRs/SUPIRs). The IPIR may be

thought o¢f as a quick, conclise response to time-sensitive

AV RIS R-SANE) 4

4 requirements. It is often followed by the SUFIR, whick
ﬁ{ '~ represents a mcre detailed and thorough exploitation effort.
Third phase reporting is the most detailed, and includes

special analyses and reporting of selected installations of

é specific interest to users of imagery products. ;
| Such reporting standards and systems grew out of
3 requirements forced by 1large iacreases 1in the volume of

available imagery during tne sixties. During the sizxties,
{ the volume of imagery exceeded the exploitation capabdbilities
by a factor of five to ten (Ref. 5], This drove the

develcpment cf & variety of Iimagery exploitaticn and ;

reporting systems which came {nto operation in the

17
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ceventies, acd forced standards for reporting cn the imagery

intelligence <community as a whole. These developments
permitted the sharine of lmagery irtellizence via mazretic
tape files and bulk data transfers over communications
circuits. It also facilitated the integration of imagery
intelligence intc more general data bases, and enhanced tke
"corporate memory of intellizence units, since interpreters
often kept installation data in small personal files, nct
easily accessed by others. With bvetter data Dbases,
explcitation was enhanced and duplicaticn of effort was
reduced .

Teday, 1imagery exrloitation systems are located
worldwide in support ¢f U.S. millitary commanders. The focus
now is on providing more integratea data Dbases, which are
optimally dynamic, ccmplete, and timely. Multi-source
imagery reports may bve telecommunicated to and from many of
the sites, and distributed tc users with a wvalid
requirement. Integrated data bases will afford producers
and users with more resionsive, coordinated information in
time of need.

Imagery systems range from national level to
tactical reconnalissance squadron level systems. They have
become increasingly capable of supporting maay tasks
asscclated with expldltation and reporting: responding to
tasking transmitted over telecommunications networks;s

mandaging interpretation hardware, software, and data base

18




; resourcess e€xploiting the 1imagery to include making i

reasurements on the imagery, correlating iragery witn marps, i

compcsing reperts, editing them, and ctker support {

functions; disseminating reports; and automatic screening

éend updaeting cf local imagery and multi-sovrce data bases.

——— e
ash

2. Examrples of Imazery Interrretation Heporting Systems ;

g

The DIA wuses the Autcmated Imagery Related ]

‘7,_‘_

LA v P
[ SRR TN

Exploitation System (AIRES), modeled after the PACER syster

used by the Strategic Air Command’s 544th  Aerospace

Peconnalssance Tecknical wing. PACER means Program Assisted

Console Evaluation and Review, and consists of a dual

Sk

Honeywell 6983 based computer system and UNIVAC 1€Z2
conscles supportirg the interpretaticn Frccess. Both
systems support a wide variety of analyst functicas. i
3 A system developed and 1installed in the late
seventies for theater and tactical wuser support is the

Corputer Assisted Tactical Information System (CATIS). This

system 1is used by fixed-site, imagery exploitation units in

the Pacific Air Forces (PACAF), the Tactical Air Command

s ancat ;e A
NP WA o/ iy AU

(TAC), the Fleet Intelligence <Center for Europe and the ¥
Atlantic (FICEURLANT), the United States Air Forces in
Europe (USAFE)}), and the training site in Air Traeining
Comrmand (ATC). The imagery exploitation support provided by

CATIS may be viewed in Figure 2.

> A

To rprovide bighly mobile support, the Tactical

Information Processing and Interpretation, Imagery

’ 19
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Interpretation System (TIPI 1IS) was developed, and is veirg

deployed to Alr Force, Marine, aed Arrmy tactical
reconnaissance support units Worldwide. The Fhoto
interpretation «ccusole of the TIPI 1IIS may be viewed in
Figure 3, displaying a great deal of moduler, ruggedized
surrort equirment for imagery interrretation rerorting and
communications. This system provides mobile automation at
the squadron level, not previously available. For exemple,
an interpreter can use a cursor in the light tadble tc make
rapid, accurate measurements of objects such as bridges,
runways, and storage taunks and store the answer o3 an
electronic scratch pad for later insertion into a report.
Reports are f£illed in quickly, wusing a fill-in-the-blank
orline report composéer. They may then be edited by a
supervisor, and distributed over secure communications
links.

To perform side-looking airborne rader (SLAR)
exploitaticn and reperting the TI?1 Manual Radar
Reconnaissance ZIxploitation System (MARRES) was
develcped, but with a different ccnscle (Figure 4). This
system provides special readout of radar imagery that may bte
used 1o good or bad weather, and is useful for discoverirg
enemy force movements ir inclement weather, such as that

found in Europe. Unique man-machine systems have deen

29
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provided to assist in providing detection of chances in the

lancdscape or order of tattie,

New NRT digital Limagery reconnaissance sensors,
such as foward-looxing 1infrared imagery (FLIK), Synthetic
Aperature Radar \SAR), er other tyres of imagery
which can be supported by sensors on tactical aircraft
will result in increased NRT 1iragery. Exploitaticn
systems to suprort the sensors rmust be develored to provide
the additional support required. The Air Force has
initiated advanced developmental models to prepare for
such a regquirement.

One system is the Reconnaissance Rerorting
Facility developed to suppcrt the Quick Strike
Reconnaissance concept whereby the reporting facility world
receive NRT hardcory amd softcory (digital) iragery from
reccnraissance aircraft cver the fcrward edge cf the Dbattle
area. Wwnen advancicg enery forces rosed themselves as
targets of cpportunity, imagery repcrts wculd nctify the
strike center to order agnearbdy sdirborne loitering
aircraft to destroy the target. Figure 5, top and

bottom, gives views of the shelter developed to test

the NRT reporting concert.
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The BRRF contains computers, communications, and beth

hardcepy and softicory iragery exrloitation and rercrting
staticns. Used during exploitaticn of a tarzget-rich
wartimre enviroanment, this facility would pose &
challenging work envircnment for the best of |Interpreters
end supervisors. Efforts to optimize the man-computer
interface could only result in irrrcved responsiveness and
greater system capability.

Apother system, for strategic use, 1is the Corgpass
Freview digital imagery exploitation system shown in Figure
€. For the first time, interpreters will be able to view
sterec images without the aid of a ligat tadble, herdcepy
imagery, or a stereoscope. The linterrreter can use corputer
suppcrt to enhance the image to improve its interpretadility
in terms of scale, contrast, sharpness, and other 1image
qualities. Simultaneously, historical date bdase icformation
and reporting formats are available for reporting what 1is
seen on the image and correlated with other data.
Measurements may also te made using & Jjcystick and cursor.

The imagery systems discussed represent a large leag
forward in imagery intelligence since the late sixties. The
results from curreant systems such as PACER and CATIS are
encocuraging with 3:1 and 12:1 1increases 1in output as
compared to their predecessors, less duplication of effor;.
increased validity of repcrting, and most impcrtantly,

better responsiveness to specific user questions.
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Imagery repcrting systems are quite

sopkisticated, having incorporated not only state~of-

the-art exploitatiorn techniques, tut others as
well from computer, communications, and other
intelligence disciplines. Significant skill and

training are required to operate them effectively.
Interpreters are not traiced tyrists, and thus their speed
may slow the reporting process. Additionally, they may
nave an lnherent fear of workine with computers.,
Continuing attention must be given to improving tke
man-~machine interface to ortimize +the system product:
complete, accurate, and timely imagery intelligence. Though
pot a pacacea, voice data entry may bde part of the solution
Zor imprcving the 1imagery 1interpretatiocn systems, by
improving man’s interface with the machine, and making
optimal use of man”s skills as an image analyst.

3. Requirement for Voice Data 2ntry

During the auther’s recent assignment at the Armed
Forces Air Intelligence Training Center, he was responsibdle
for managing the initial develcpment of the TIPI IIS
Operator ard Supervisor Courses. As he observed
interpreters trainine c¢n the prototype, it was often
apparent that they were deficient in typing skills. It was
painfully obvicus that the multi-million dollar 1IIS would
not produce reports any fester than the few words-per-minute

of the "munt and peck” typist. Certainly, with gractice
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individvals may improve their typing speed and accuracy as

they adart to a syster, but as we have seen, the tremd |{is
toward faster repcrting, and scmenow the problem cf date
entry must be attacked or critical resources will be wasted
cn systems limited by the the man—-in-the-loop.

One simple ard effective way may be to conduct
typing classes to improve interaction with the ccmputer. In
fact, online routines for teaching better typing could be
develcped tc improve the interpreters’ <ckills tetween
missions. Another way may be to use voice data entry, which
offers a great potential beyond even the fastest tyrists for
data eatry, should bde easier and fester to trein, and could
te used in conjunction with +tyring, function keys, or a

variety of other input modalities.

C. AUTCMATIC SPEXZCH RECOGNITICN
1. Qverview

Automatic Speech Recognition (ASR) is no longer a
iream of the future, but a technolcorgy being applied around
the world by people who use machines, allowing effective
machine control and data eantry into comruters. ASR is not
without problems or 1limitations however, and must be
carefully examined before trying to arply it. Human factors
must be studied and tailored to the application to allow ASR
to have the aprropriate imjact it affords. Failure to

attend to operator considerations such as microphone
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rourting, recognition accuracy, error correctiona, resronse
time and delay, <feedback and prompting, stability of
reference data, énd training procedures can have
catastrcphic effects on system performance for both the
voice system and the system it aids [Ref. 7].

The ultimate goal for speech recogznition
scierce 1s to develop speech wunderstanding systems’
which glve the aprropriate response to the user’s
request, and do not Jjust recognize tne elements of speech or
words and phrases [Ref. 8]. Admittedly, the technology is
not that far along, tut many applications dc¢ not need cr
cannot afford the ideal speech system. The aquestion that
must be asked now is “what applications can be
accemplished in a more cost-effective manner wita voice
recognition systems that are eavailable now or will bve
available within the next few years?

Speech scientists heve been working con ASR for about
28 years. Commercially available speech recognizers decame
avallatle in 1972 with Scope Electronics, Inc. and Threshcld
Technology Inc. delivering quality systems which achieved
csignificant results under a variety of conditions. In
general, recognition accuracy scores from 99.0% to $9.9%
accuracy have been achieved in laboratory conditicns c¢f no
noise, adequate talker training, and coasistent talking
habdits. Field testing, ncwever has usually achieved results

in the neighborhood of 87% recognition accuracy, generally
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as a result c? high background ncises c¢r speaking tc the

system in & manner different than the way the system was

trained initially.
f! All ASR systems fall inte either of twe

categories: continuous (comnnected) or isolated (discrete)

23 cpeech systems [Ref. 9]. Continuous speeck systems wcrk cn
& the extraction of information from <trings of words
that may be run together in aatural speech in the form of
strings of digits, phrases, or sentences. Isolated-word
recognizers require that a short minimum—-duration rpause

bte inserted Dbetween digits, werds or phrases which must be

spoken within a given period of time, e.g. two seconds.

g N -
APl AT .

These isolated-word recognizers are more rrevalent
todey as they eare less expensive, more accurate, work in
real-time, and are more readily availavle. Continuous
1 speech systems, however, may be available within the next

few years offering 252 word vocabularies angd recognition

in real-time at a reasonadle vprice. Ccntinucus speech

£

systems, in the urper end of the cost spectrum, are

appreximately 5100,000. High quality icclated-word speech
recognizers normally cost in the tens of thousands of i
dollars today; however, a few ccmparies are also intrcducing
systems on the market for a few thousand dollars thet

can recognize vocabdbularies of about 250 words with

A

‘ recognition accuracies of 97% or better, according tc i
5 Dr.Poock, who intends to compare such systems at NPS for
i
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& command and ccntrel applications. At the tcttom erd

i of the cost spectrum, hobby systems are currently aveilable
? for a few hundred dollars.

Dr. Lea, well recognized for nis work in speeca sclence !

at the University of Southern California and the Speech j

Cecmmunication Research Laboratory said tnis adcut the future

of speech recognition technology:

The next ten years or more woull seem to cffer a growing
spectrum of avallable devices, ranging from very low
cost isolated word recognizers, through digit string
recognizers, recognizers of strictly formatted word
sequences, task~restricted speech understanding systems,
and more powerful research systems for continuous sreech
recognition. All such systems will ‘take advantage of
low~-cost miniaturization hardware that puts speech
recognizers within the reach of most rotential wusers...
Jser acceptance c¢f veolce imput will apprcach the
‘matter-of-fact attitudes now prevalent with 1limited
keyboard entry, even though full versatility and ;
"hatitability” of input languages will not have been %
attained to any major degree... CITespite all tkese
advances, we will be far from the science fiction 1image
c2 fully versatile voice interaction with machines, and
1 doubt that unrestricted "phonetic typewriters” are a
vart of the next decade or more of practical work on
speech recognition [Ref 10].

2. Value of Speech Recognition Systems

Speech input to machines can be o2 significant
value,  but under what <conditions or situaticns? This

section discusses scme of the advantages and

disadvantages of speech input described by Dr. Lea.




Speech systems offer the pctential te capitalize

on the best of mar’s communicative abilities, give kim
comratibility with unusual circumstarces, anéd help him gain
additional mobility end freedom ir some situations [Ref.
11]. Speech is said to bve the human’s most patural
communication modality. It is familiar, convenient, and can
be used spentaneously because the individual uses it often
in all types of situations. Though performance with voice
ray degrade under situations of stress, it may not degrade
as much as a 1less 1learned, less frequently used skill.
Since voice is familiar to the user, it 1s less difficult to
train him to wuse the system. Additicnally, voice is the
human’s highest-capacity output chananel, andéd permits

simultaneous communicatione with humans and machines. Fcr

~example, a speaker in a large auditorium or a command center

can display the next visual on a large screen display by
saylng some key phrase or word which has meaning to Doth
listener and display system. To illustrate, when Dr. Pocck
recently briefed a group of senior naval officers in the
Pacific, he used such key phrases as Good Morning
Admiral...” to begin his briefing, and “here you see the
(pause) SEIPS ...  to convey briefing information and tell
the ccmmand and cortrol graphics display system to present
the next graphic in his presentation on the sudject of Voice

Input for Command and Contrel. This 1s Just one




illustration of the creative ways man can use voice input to
| nis advantage.

Navy feasibility studies sponsored by Naval
zlectronics Systems Command, &nd conducted by Dr. Poock,

exarined the potential for voice data entry fcr commend,

control, communications, and intelligence, Two voice

recegnition systems were installed in late 1988 at Fleet

Peadquarters, Commander-in-~Chief of the Pacific (CINCPAC) in ;

Hawaii to examire the Dbenefits and 1limitatiorns of voice
inrut for operation of the Worldwide Military Comrand and
Control Time-Sharirg System (WWMCCS TSS) and the nearbdy

Ocean Surveillance Intelligence System  (0SIS). One

; )
. e T
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adventage of many of the new voice terminals 4is that they
are stand-alone, intelligent terminals with standard
cemmunicaticns interfaces and character sets that can be
- interfaced rapidly with computers possessing those seme
generic interfaces. Volce units may be moved around easily

ard 1installed as simply as most cther modera RS-232 plug-

&

compatible terminals., Voice ray also be vused remotely as

AT TR R T P et PP Y M TR ST AN WA P = <+ 37 e 3 e s 3

muichk as €22 feet <2frem the main computer, free from any

) panel space, displays, or complex apparatus.

|
g
|
|

The advantages of voice input fer
complementing the communicative abilities of man are
offset somewhat today siace a user cannot speak totally
raturally, but must insert pauses in between utterances, and

must use utterances within thé constraiats of the voice

34




syster’s <stered vccabulary. This requires the user tc

be very familiar with the vocabulary in use, rot

unlike knowing the letters of the alphatet.

Speech input for machines 1s also of velve irn
helping man cope with unusual circumstances. For example,
it can be used in complete darkness, around obstacles, by
the blind and other handicarred individuvals, is unaffected

ty welghtlessress, and only slightly affected by high

J. I { S
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acceleration and mechanical constraints. On the negative
side, it is cften sensitive tc dialect, and also susceptibdle
to background noise and distortions, Additionally, a
micrcphone must either be wern or held in close proximity to
the sgpeaker., And f;nally, a disrlay or synthesized voice
feedback may be aecessary for tasks requiring data entry

validation.

The mobility possible with vcice input is one of its
greatest attributes, It erables operation of devices from a
distance and from various orientations, permits simultanecus
use of hands and eyes for other tasks, and can even permit
the telerhone to be used as a corputer terminal. Some
degree of privacy is lost, although users often operate in

the laboratory at NPS 1incomspicuocusly running graphics

displays and other command and corntrol epplicetiors without
bothering other nearby terminal operators.
The key questions to keep in mind when <considering

the velue of speech input are: "Is there an aprlication that




cculd be done more cost-e?fectively using vcice as a single

! or adiitional input modality?...ard, Is the current

technolcey adegquate te preovide tae quélity, naturalness, and

speed that the application of interest requires? A brief
lock at the military’s efforts in voice technelcgy may help
the reader to further assess the value of speeck technology
fcr his own application.

3. Military Kesearcn and Applications

Research svrperted by the Advanced Research Projects
Azency (TARPA), which funds lealing-edge technclogy, was a

rrire ingredient contributing to the developrent of voice

e A SRRSO Yy ;i NS § S,

tecanclegy. However, & large rumber of military prcjects,
such as the ARPA Speech Understanding Research, met with

limited success as a great deal of work in accustic-

A e vin X

vhoretics, speech perceptiorn, linguistics, and

psychcacoustic equipment 1is still necessary to previde the

PN S

foundation for ASR to approach human performance [Ref 12].

Most 02 the research in tae military has turned tc

T eaa

taking off-the-shelf isclated-word recognizers and adapting
ther to particular arrlications. Recognition studies in the
military have teen done for applications in aircraft

cockpits, tactical field data entry, military treaining

e, TR L 2T

systems, cartcgraphy, ccmmand and contrcl of networks,

wargames and graphics, keyword spotting of communications

chanzaels, emergency actlion message composition, and imagery

interpretation tasks such as mensuration and reporting. The




.

RPNy o/ . i WS S

N

Ll

Y L

LRy
e,

Vel
of U o8

v Ty
- L VR

i .. . 2™ N B

g
e R ———— T T

eaprlications mest <clcsely related to this thesls are the
cartcgraphy, command and control of displays, erd 1imegery
interpretation rerorting.

A significant amcunt of research was perfcrmed fecr
the Defense Mapping Agency(DMA) by contractors under tke
trogram managemert of the Air Ferce’s Reme Air Dlevelopment
Center(RADC). The DTefense Mapping Agency Aerospace Center
(DMAAC) ané the Defense Marping Agency Aercspace and
Eydrographic Center (DMAHC) produce large volumes of
cartegraphic preducts for the military and other wusers,
Research has been performed for such applications as volice
date entry for the processirg of Digital Landrass System
(CLMS) data, preparation of Flight Information Publications
(FLIPS) data, and ocean-derth neasurements for digitized
cartezraphic appliceticns. In these applicaticns arnalysts
were rperforming tasks in an “eyes busy, hands busy
envircamert,  sometimes with stereo optics aad ecr other
special devices. Voice was shown experimentally to be
faster, easlier, and a less fatizulng mode ¢f data entry than
the more conventioral modes used [Refs. 13, 14, and 18].
User acceptance and system suppert can te siznificant
problems, as explained by TIMAAC officials to the author
durineg a recent visit to tneir facilities.

The NPS is currently rperforming voice data entry
research ia the area of cormand and control arrlications.

In a study by Focck, twenty-fcur ccemmand and contrel




students ovrerated the ARPA networkx or ARPANET, a distributed
retwcrk of computers in the U.S. and Zurope, using voice ard
tyring as a comparisoa tetween the two modes [Ref. 1€].
Voice was siznificantly faster and more accurate fer
enterinz commands iato the system. Additionally, students
were given an secondary transcripticn tasg to perfcrm while
operating tre ABPANET. The voice mode permitted
substantially more data to be transcrided than the typing
mode. On the other hand, McSorley recently demonstrated
that voice was no faster than tyring for enteriag commands
intc a wargame. This was due in part to the pccr editing
features of the game, but demonstrates that voice is not for
everythianeg (Ref. 17].

Ir the area ¢f imagery interpretaticn, 1interest in
voice 4data entry 1is growing. RADC recently completed a
ctudy which evaluated a vcice recogniticn system kncwn as
“Talk ani Tyre,  built by Threshold Technology Inc., to
study the application of volce data entry tc the prcblem of
imegery interpretation and irtelligerce report generation
[Ref. 18]. The innovation by Threshold required the user to
type the Zirst letter of the word t¢ be recognized. In this
paaper the voice system restricted the size of the
vocadulary to be searched, therety increasinz recognition
accuracy. Four varied tests were performed lookinz at small
end largze vocabularies, and especially tasks where the

subject was describing scenes the way an interpreter might
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describe & bridee or a rucrway. The results showed the Talk
and Type system tc be supericr cver tyrinzg for unckillez
tyrpists.

Scon the new ground stationa for the Tactical
Recorraissance-1 (TR-1) aircraft is expected tc¢ be built tc
provide exploitation and reporting support for the sensors
aboard tne U-2 derivative aircraft which is expected to
previde NRT reccnnaissance suppert to theater fcrces.
According to the program manager, voice data eatry is a

sericus ccnsideraticn for inclusion lnte the pregram,

D. SUMMARY

Tae purpcse of this thesis 1is to 1investizate the
potential application of ASR technology to militery imagery
interpretation. The research responds to the need for
rapid, concise, valid information for command and control
¢f forces in peace and war. The functions of the imagery
reporting systems include support for a varlety of
tasks, especially composing reports. The specific focus
c? the thesis is to examine the feasidility of
writirs order of battle reports wusing & 1large voice
vocadbulary of 255 words of USSR/Warsa; Pact military
equipment names, editing commands, and alphanumerics.

Several examples ct rodern ope;ational and
develcpmental imagery exploitaticn and repcrting systems

were briefly discussed which represent potential systems
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for aprlication of voice techmology. Incorporation of ASR
teckrolcgy could restlt in improved capabdiliities in terms
of speed, accuracy, end completeness of imagery
rerorting. ASR technology makes optimal use of the fact
that speech is man’s most natural input modality,
while the 1lirited speeds of interrreters tyring may not
cptimize advanced rejorting system capablilities.

The advantages and disadvantages of speech were
presented. Scme o0of the value o¢f speech 1input awalts
technologicel breakthroughs and may not be realized in this
decade. The rmilitary is not waiting however, and seems
unwilling t¢ vpay <for eil the basic research to push
continuous speech systems. Instead, the military is hard at
work wita applicaticns efferts witk limited-vccatulary,
isolated-word, speaker-dependent voice recognition systems,
sroven tco be reliatle and accurate for the right
épplicetions, while monitoring and sometimes supporting work
by rrivate contractors, hopefully 1leading to ypractical
ccatinuous speech systems.

The objective of this thesis s to support militery
applications research efforts aimed at corraring input
medalities, and afford the intelligence community an
independent data point regarding the overall evaluation
of ASR. Thls research began 1inderendent of the related
RADC research, and thus serves to underscore the

appropriateness of voice data entry support to the task.
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II. CESCRIPTION OF THE ZXPIRIMENT

A. CEJECTIVES ANT CCNSTRAINTS

The objective cf this experiment was to determine (¢
state-of—-the—art voice data entry equipment wes féééible for
rerorting imagery~aerived order of battle (C2) 1intelligence
Lsing an interactive computer system. The experiment was
designed to deterripe if taere wes any significant
difference in speed, accuracy, efficlency, ard subject
attitudes regarding menuvel keyboard and voice data entry for
this task. A large urnclassified vocabulary cf 285 werds
containing alphanumerics, commands, and representative
USSR/warsaw Pact eculpment names was selected for the
reportirg scenario (see Appendix A). Based orn recent
research, voice data entry was expected tc be faster, mcre
accurate, and preferred by subjects over manuel keyboard
data entry [Ref. 1§&].

Accorplishment of this objiective was constrained within
the research facilities of the Maval Postgraduate School
(NPS;. In the interest ¢ time and money, the nrnrocess of
reporting was simulated to the maximum degree possidle
within the ccnstralnts of available subjects and 1labderatcery
facilities. This simulation, though nct ideal, efforded an

effective, econemical toocl tc acccemplish this ctiective.
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| E. SUBJECTS

Twenty subjects participated c¢n & velunteer  baslis.

|

i
The group was composed of 15 military officers, and |

|
two civilians. The military officers, rerrecenting the i
Army, Navy, Air Force, and Maripnes included 17 meles and 1

female; tneir grades ranged from Lieuterant to Ccmmander

—— ;
IS PO

and from Captain to Lieutenant Colonel. The civilians

included an employee ¢f the Naticnal Security Agency ari

A e

a professor from the NPS Operations Research Department.

b o
—— e B e e

The subjects’ ages ranged from 28 tc 45, with an average age

of 33.

e e

Seventeen of the subjects were enrolled in the Cormand,
Control, and Communications (C3) Curricula et NPS, while the

cther two students were fror the Intelligence and Ccomputer

L hall -
B PP o

P Science curriculas. The Dbackground of the subdbjects were
‘# quite varied: special warfare; ground combat; comrunications
mairtenance and staffy 1logistics staff; automatic data
processing; training; intelligence; CZ research; language

analysis; electronic warfare; Joint Chiefs of Steff; field

o R
WA

artillery; destroyer group staff; combat develorment; (2
4 training and operations; and tacticel CZ flight orerations.
Nineteen of the subjects had exyerience with interactive
computer systems at NPS. Eighteen of the sutjects were
experienced in use of the ARPANET, a network of computer
systems availadle £fcr use by the C3 Curricula and other

researchers at NFS. The two subjects without ARPANET

{ 42




experience were trained to tne level necessary 1o
participate in the experiment with their coantemporaries,
since a computer oc the ARPANET was chosen as tne host for
the experiment.

The subjects were, as & whole, familiar with sypeech
reccgnitior as many had either seen, used, cr even studied
automatic speech recogrition. Eighteen subjects had seen a
voice recognition system demonstrated; 12 sutjects had used
voice, primarily as subjects in one other experiment; and 11
had studied voice for a term paper, thesls, or work at thelr

previous duty station.

C. EQUIPMENT

1. Voice Recognition System

A Threshold Technology Imnc. Model T6ee voice
reccgnition system was used to represent commercially
available, state-of-the-art equirment. The 7T8¢8 |is a
speaker-dependent, isolated-word recognizer wkich
automatically recognizes spoken words or phrases. These
words or phrases are called wutterances and must be in a
range of @.1-2.2 seconds ia duration and must ©be separated
by very short pauses ¢? 0.1 second cr more [Ref. 19].

The terminal consists of a threshold analog sreech
prerrocesscr, an LSI-11 microcomputer and a digital RE-232
fnput/output 4interface, an Anpn Arbor large character

display ani operator conscle, ar operater console/microphcne
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vreamplifier, and & tape cartridge unit, The speech

Irezrocessor, micrecomputer, and ioterfacing elerents are
ccntained in the main terminal urit which was tatle mcunted.
The ;emaining componernts, the display console, and tape were
alsc table mounted and located with the main termiral (see
Figure 7). A Shure SM-10 noise-cancelling microphone witk
neadset was used for the vcice input tc the preamplifier.
The T6¢2 combines analog and digital signal
processing technclogy to perform the reccgnition function.
The erergy from the spoken utterance is passed through 19
bandpass filters spanning the speech spectrum. The presence
or absence of each of 32 acoustic features 1is determined,
acd the appropriate feature infcrmation is extracted dy a
combination of analog and binmary logic. The features are
either primary features or paonetic-event features. Primary
features describe the energy spectrum by measuring local
maxima and the energy rate-of-change relative to the
frequency ¢f the vclice signal. Phcnetic—-event features
result from measurerents corresponding to paoneme-like
events: vowels, nasals and fricatives. The preprccesscr

also must determine the beginning and ending of each word.
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The TE€20 hes two primery modes of operation:

training mcde, and recognition rode. Ia the training rmode,
the TEZ2 extracts a time-normelized termplate for each given
word. This template consists of two arrays referred to as
the mest significant tit (MSE, and roa extremum tit (NER).
The MSB indicates wnether a particular feature has occurred
anéd the NEB indicates the frequency o¢f? occurrence. These
arrays combine to form thne reference array (RAR). When the
1€2¢ is in recogniticer mcde, the preprocesser functions as
before: features are extracted, digitized, and time
norralized. The resultant feature array (FAR) is correlated
with the stored RARs in the current active vocadulary and
the best correlation is selected as the recognized word.

As previously mentioned, for eech utterance 32
acoustic features represented in tinary form and their tire
of occurrence are fed from the preprocessor to the
ricrocomputer short-term remory. The rattern-ratching
algcrithm subsequently compares these feature occurrence
ratterns to the stcred reference ratterns for the various
vccatulary words and determine tae "best fit” for a word
decision. The FAR of a test word requires £1z bvits of
infeormation (32 features marped intc 16 time segments). Tae
RARs include 1024 bits per word because of the two part
arrays.

¥hen the 7620 recognizes a word in ite vocatulary it

will output a prerrogrammed string of up to 1€ ckaracters
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asscciateqg with the spoken word. These output strings can
be mcdified by the user at any time via his ASCII censole,
wnicn may also be used instead of voice to interact with the
host computer. £Alsc associated with each werd are trairving
prompts which are strings of vuvp to 12 ASCII characters
displayed on the CRT terminal to notify the user of the word

to be trained. The TEQZ used in this experiment required 12

traininog utterances per word.

Two types ¢f errors can occur with the TE20:

misrecognition and rejection. Misrecognition errors are
thoce where an cutput string is selected <for output that
does not match the utterance. Wwhen the system rejects the
utterance as not part of the vocabdulary it signals the
operator with a "beep. These two cases assume tie werd was
in the vocabulary and properly trained. Cther errors are
called operator errcrs and arise <from misprcnunciation,
using words not in the vocabulary, or a variety of other
errors such as speaking too fast or slow.

The T6202 used had encugh memcry mcdules te maintain
an active working vocabulary of 256 utterances.
Vocabularies were input and output using the tape cartridge
unit. The system reads and stores rrompt and output strings
and reference patterns <from semiccnductor random access
memory onto rugged, high-quality magnetic tapes similar to
cassette tare cartridges. A complete 256 word vocabulary

may be recorded or lcaded ir & few minutes.
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Two recognition modes are avallable on the TEZD:

unbudfered and buffered. In undbuffered mcde, the TECD will
send any output immediately to the host —corputer. No
internal processing is performed on the ocutput strings.
Eowever, the buffered mode gpermits up to 128 utterance
output strings to be sequentially stcred in a T620 duZfer
for subsequent output as a composite ©block of characters.
An  "erase function' may be used tc delete the last
utterance; an interrupt’ function sends a special user-
defined string to the host and deletes the remainder of the
buffer contents; a cancel’ function may be used to delete
the buffer contents; and a transmit’ function will cause
the T620 to send the bduffer contents to the. host. The
utterance assigned to these functions may be inderendent of
their function name.

-

<. Tachistoscope

To provide a simulation of the lignt table
and optics portion of the imagery 1interpreter’s work
eavironment, the G-1132 Harvard Tachistoscope was
selected from the man-machine laboratory facilitles.
(see Figure &) The tachistoscope is an instrurent that
can present images cf material presented c¢n cards and,
as modified 1in this experiment, a CRT display. The card

images may be presented by a timer or changed at will by the

subject using a Ddutton switch. Lighting may be regulated

-~
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and multi-imazes overlayed. The three primary uses of the
device are studies on learning, perception, and attention
{(Ref. 20].

However, in this exreriment the tachistoscope was
used in the follcwing manner. Tae viewport seen irp Figure S
simulates the optics through which an interrreter rust get
muca of his/her data. The 4" x 6 cards seen thrcugh it
simulated the imagery the interpreter was tasked to analyze
and report. The CRT gpresented three 1lines of data (4@
characters each) providing visual feedback for voice data
entry. (Note: Rome Alir Levelcpment Center has developed an
eyeriece for a Bausch & Lomb stereoscope that displeys 1€
characters of data wnile viewing the cptics;y thus the author
assumed that more data could be displayed in the next few
years to suppcrt such visual feedback, if required.)

The tachistoscope viewport permitted the viewing of
the scenario cards and t.e Ann Artor CRT. The card image
was centered above the three Dbdottom 1lines of the large-
character CRT. The CRT displayed the responses c¢f the T€@2
to the subject’s utterances, thereby rroviding visusl

feedtack tc him/her performing tae task.
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2. ¢Scenario Cards and Vccatulary

The cards for the rerorting scenario were used to
sirvlate frares of iragery. GTecause no imagery interpreters
were available in large numbers fcr the exreriment at NFS,
the author created the cards with a "**" to rerresent the
equipment lccation and aarotated the "#%"  with the number
and description of the equipment at the point. All subjects
were provided with the <same infcrmation, 1.e. they were
"perfect imagery interpreters" and any experience level was
aeld constant.

Figure 12 illustrates the fcrmat c¢f two sample cards
which hed five to eight objects and an installation number.
Tach card was divided intc four gquadrants to simplify and
starndardize the reporting process and scoring.

Thirty-six cards were required for the exrerirent,
Their content was governed by four criterie: realism, ern
even mix o? grouad, air, and naval terms, full wuse of the
USSR/Warsaw Pact vocabulery selected for the experiment, end
raintaining a balance in numdber of characters arong sets of
cards to be used in experimental trials. Trke cerds used in
the exreriment are shown in reduced size in Aprendix B. The
larger, actual size <cards seea in Figure 12 were produced

using large print on a Tektronix 4214 terminal ani 1its

associated thermal printer.

[84]
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A UUSSR/Warsaw Pact vocabulary was vsed because of

available wunclassified source inforration in large quantity
(Refs. 21, 22, 23,and Z4,. A full vocatulary cf <2855 words
was used contalning the ©phonetic alphabet, numbers 2-2%2,
administrative alponanumerics, special symbecls and control
cheracters, and ground, eéir, and neval forces equipment
vocabulary. Aprendix £ coaotains a corplete listing of the
vccabulary by number, treining prompt, and cutput stricg.

The vocabulary wes @not structured io terms of
recognition sets. Rataer, the 762¢ operated or the entire
vocabulary each time an vtterance was SpPOKen.

4, Interactive Computer System: ARPANZT

To provide an interactive text editing environment
for the reporting scenario, the facilities of the ARPANZET
were selected because of their reliability and also to
demonstrate how reporting might be done over a distributed
network of computers, rather tnamn a local hecst system. The
ARPANET, now managed by the [efense Communications Agency,
was used by 16 of the subjects during 5 gquarters of their (3
Curricula prior to the exreriment.

Two host ccmputers were used: Infermaticn Sclences
Institute Systems X and C (ISIE & ISIC), located in southerr
Cali2-rnia. The experimental text editcr (XED), phctoscript
(PHCTO), directory 1linking (TaLK), file transfer protocol

(FTP), and file archival (ARCEIVE, were the majer procgrams
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vsed to conduct and menage the ezxperimental date ernd

interactive computer environrent. ISIC was the rrimary
system used, Dbecause the system load level wes generally
lower thereoy offering a more responsive system. The load
level was checked during experimenteticn to assure a
consistent resronse time was availaole to all subgects.
Both systems were suppcrted by the TOPS-22 Operating System,
on Digital Zquipment Corporation (DEC) Model 2¢ Cormgputers.

These computers were linked to NPS terminals
equirred witn rhone modems or acoustic ccurlers via
the ARPANET distriduted communications facilities.
These facilities iuclude a terminal 1interface processor
{TIP, at NPS ccorecting schcol terminals with ISI via
the ARPANET. The author gained access t¢ the network
via the TIP and selecting the mnetwcrk computer tc be
useaq. The ARPANET providea a wmwyrieéd of facilities
supporting the administration ¢f{ tne experirent. Figure 11
is a map of the ARPANET adapted from the ARPANET Ianformatioun
Brochure, 1979.

CRT terminels and the T629 were atteched to the
ARPANET via 32¢ ©bps aceoustic couplers. A Lier-Siegler
ADM CRT display was situated rear the tachistoscope to
provide keyvoard entry of the CB data obtained from the

cards via the viewport (see Figure 12). The ADM terminal on
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tae ARPANET was used to simulate the text editing facilities

cf an imagery reporting system for the crder c¢f battle entry
portior of the report. All keystroke entries into the
terrinal were copied by & typescrirt ©program during the
experiment to provide a record of the subjiect’s performance.

A ronitor station with a hardcory Computer Tevices
Miniterm and an Alanthus V-293 CRT display were used to
record and observe the subject’s actions, whether by volce
or keyboard entry; (see Figure 13). The Alanthvs display,
conpected to the TEE¢Z, provided the author with a copy of
the data Dbeing displayed to the operator via the Ann Arbdbor
display wused 1in the tachistoscope viewport for visual
feedback. Tkhis was essential for recording, recognition and
rejection errors in the voice-buffered mode; such errors
could not ©be analyzed from the herdcopy record if edited
fror the voice buffer prior to transmission of the buffer

contents tc the text editor.

D. SUBJECT PRZPARATION

1. T6¢9 Vocabulary Training

Prior to the experiment, subjects were individually
trained in the use of the T6¢¢ to a level of knowledge and
competence to allow them to operate it to train the large

vocabulary of 255 words. BRach subject was briefed on the
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prerer training of the TeZ@, and received & deronstraticn

and written instructicns with tze training (see Appendix C).

Cnce the subject had demonstrated proficlency 1in orerating
apd training the T6£€¢, he/she was allcwed tc prcceed
independently, witL the author remeining nearby to answer
1 guestions and correct training fitfalls, Once trainiang was
complete, the subject tested the vocaobulary by seying eech

word three times, Any words which were misrecognized or

(Y o -
R A S AP

rejected mcre than once were retrained until a gocd training
rattern was established. Most retraining was required

tecause the subject fergot hew the word was prencunceé when

initially trained.

The training was normally accorplished in two
; sessicas o©of approximately two hours each. Thus by the time ]
A the training was complete, the subject was very familiar
with the TE@OQ. Appreximately <four hours was the average
time each subject spent with the vocabulary prior to
experimentation. The training patterns were stored on a

cassette tape for each subject and retained by tke auvthor

n 0wz K

until experimentation.

<. Typlong Test

A five minute typing test was given to each subject

to grour the subjects into FAST and 'SLCW" typing ability

groups; these groups were necessary for the experimenteal
desigsn. The tyring test required only uprer case letters

and symbcls (Appendix D), as did thne experiment.
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The typing test was administered and scored
similarly to the «civil service test used to screen clerk-
typist epplicants t¢c determine their typiag ability.
The typing tests were scored for speed and accuracy. A
raw score in words per minute was assigned according to
the nurber L of lines typed. Credit was given for all liges
typed, including any portion of the last line started.
The number of words per minute was vased on an average word
length of five characters. For each mispelled word, 0.2
words gper minute were subtracted from the raw score,
tnereby decreasing the firal score to deduct for errors. For
exanrple, if a subject had a raw score of 4@ wrm, but made £

typing errcrs, the final score would be 39 wpm.

Subject typing speeds ranged uniformly from 17 to.

58 words per minute, with an average speed o¢f 43 words per
miaute. The SLOW typist scores ranged from 17 to 32
with an average of 25; FAST typists scorecs ranged from 33 to
£8 with an average of 43.

3. Subjective Questionnaire and Data Sheet

To assess the attitudes of eech subject before and
after experimentation regarding their assessment of volice
data entry versus typed data entry, a 1€ 1item subjective

questionnaire was developed (see Appendix E). The

questionnaire asked for the subject’s opinions regarding the




. voice and typing modes on concerns relating to usatility
such as speed, accuracy, flexiopility, trajining, and other
_ criteria.

ff Subjects aiso completed a short date sheet regardiing

R age, previous job, Dbackground, next assignrent, and voice

= | experience. Appendix F contains tne data cheet fcrmat.

E. EXPERIMENTAL PEOCEDURE

As soon as the subject completed the vocabulary
training, he/she was scheduled to perform the experiment

which lasted between two and four hours, depending on the

WRORS <« DUEl ’ —tin, _‘?}"‘ s

speed of the subject. Thke experiments were conducted in the

NPS Man-Machine Lab at times most converient to the subject,

i wil RS

generally in the evening. ‘

The subject was bdbriefed concerning the general purpose

s, B
—— 2

for the experiment and the <three major parts of the
.? experiment: typing mode, voice-unbuffered mode, and voice-
L buffered mode exrerimental conditions (see Arrendix G).
f Each experimental condition consisted of a practice card and

three trials. A Latin-Square determined the order of the
- experimental conditicns such tnat a balance was maintained
ian the numbers of people starting each experimental mode.

This balance was also maintained on the seccnd and third

experimental conditions for the subjects. Ia other words,

care was taken that no experimental condition received an

62
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advantage from always bveing first, second, or third.

A dhie cnl I

- Sub jects were assigned racdomly tc¢ the crderings.

3 The subject’s task for each aata entry mode was to write

12 simplistic on-line imagery interpretation reports of the
USSR/Warsaw Pact Ok obtained from the cards by looking
through the viewport of the tacnistoscope. ¥our cards were
included per trial for the three triels per mode.

Recall the samrle cards in Figure 1¢; they were used for

typing (top) and voice (bottom) modes respectively, and

differed slightly. Since some utterances were actually two
or three words, (e.g. MIG-25 FOXBAT) and since the ]
vocabulary of -equipment names were so large, it was 2
unrealistic to expect the subject to recall which ones were
multiple words witnout greater familiarity with the
vocabulary. A convention was adopted to link such werds
with an underscore symbol (_), such as VMIG-25_FOXBAT, to
remind the subject that the rame was tc be said in a single
utterance vice two or three utterances. The underscore was
the only distinction between the cards for voice and tyrping
medes.

The report format is shown in Figure 14. The subject
was required to report the installation number and CB
location (**) by quadrent in the order shown: UPPEIR LEFT,
UPPER RIGHET, LOWER LEFT, LOWER RIGHT. Reports were to bde

separated by a blank line.
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INSTALLATION 9298-T14217

UPPER LEFT

27 CONFIRMED ASU-57 AIRBORNE ASSAULT GUNS

UPPER RIGHT

€0 CONFIRMED ASU-85 AIRBORNE ASSAULT GUNS

LOWER LEFT

<@ POSSIBLE M-2@ EBRAVY MORTARS

48 CONFIRMED 240-MM BM-24 ROCKET LAUMCHERS
LOWER RIGHT

62 PROBABLE 1z22-MM D-30@ FIELD HOWITZZERS

INSTALLATION 2199-V14197

UPPER LEFT

11 CONFIRMED MI-12 HEOMER HELICOPTERS
£ PROBABLE MI-€ HOOK HELICOPTERS
UPPER RIGHT

16 CONFIRMEL MI-4 HOUND BELICOPTERS
LCWER LZEFT

19 PROBABLE MI-24 RIND HELICOPTERS
LOWER RIGET

21 CONFIRMED MI-19 HARKE HELICOPTERS

Figure 14. 0B Reporting Format Based on Cards in Figure 1¢

64

A e e

P

T —_—




R

Sutjects were allowed short breaks bvetween trials and

B

longer ©breaks between the entry modes as they moved for

exarrle from the tyring gyportion to the voice-unbuffered

o rorticn or vice-versa.

- The number ¢f characters per trial was ©balanced to a

very high degree within 1¢-15 characters ard 12-15
utterances for all modes. The average numbter cf keystrokes
per trial for the typing mode was 1172. The average number
of utterances per trial for the voice-unbuffered mode was
22@/trial, slightly less than the 22&/trial fcr voice-
buffered. These keystrokes and utterances did not count any

editing keystrokes or utterarces, but included all carriage

SR IS SRS 0N

returns required. To perform the 3 modes x 3 trials, a

minimum of approximately 351¢ keystrokes and 1344 utterances

Ty AT
PR NP

would be required, plus any editing.
'ﬁ Prior to ©beginning each experimental condition the
:; subject was briefed on the entry mode, reminded of the

editing features availadble (delete character, delete word,

delete 1line, and repeat line), and allowed tc practice the
entry mode by writing a report for a practice card. :
4 The experimenter monitored the entire experiment at the é ﬂ

station illustrated in Figure 13Z. The elapsed time to

complete each trial was measured using a digital stopwatch
and recorded. The M™Miniterm provided a typescrirt for
aralysis of the reports for missing or extra {information,

resulting from typing or voice recognition errors. Extra

X !
4
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- | typing Zeystrokes cr vecice utterances used for editing out

errors were noted for subsequent aralysis for an efficiency

reasurement. The CRT display was used for the unbuffered
voice mode to record the misrecognitions and rejects since

they did not appear on the tyrescript if they were edited

pricr to buffer transmissicn. ?5

. .La" R S

At the conclusion of the experiment the subject
completed the subjective questionnaire again. The subdbject

was asked not to discuss the experiment with others.

F. DEPENDENT VARIABLES

p Ao G
IR A R Y o

The following variables were recorded or <calculated 1in

rer cent for each trial:

Cds s an

NCC
‘ Report Accuracy (RA)= X 100
b NCC + O0E + CE
‘! where NCC: Number of Characters Correct

CE: Omission Errors/miscing data
CE: Commission Errors/extra data

NCE/U

Mcde Efficiency (ME) = -- X 1e@
NCEK/U + EX/U + EDK/U

ORI o

F where NCK/U: Number of Correct
Keystrokes/Utterances (Typing/Veice)
2X/U: Error Keystrokes/Utterances
EDK/U: Editing Keystrokes/ Utterances
used to reccver Eerrcrs

R
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Feccgrniticn Accuracy (RA) = —=—ec———mee X 1z¢

where NCR: Numbter of Correct Reccgnitions
NM: Number ¢f Misreccgnitions

NCE
Reccgnition Accuracy (RAR) = - X 1ee
with Re jects NCR + NM + NR
where NCR: Number of Correct Rececgnitions

NM: Number of Misreccgnitions
NR: Number of Rejects
Perhaps the most imrcrtant variable was the time it took
for a subject tc complete the trials in the exreriment.
Close behind time is accuracy, since reports must be valid
in addition to timely. Tous it is impertant to look at
report output in terms of accuracy as a system product.
Frequently exrerirenters exarine the errors made with voice
apd tyring and report the results as percentage of error.
dowever in this exreriment the final test is in the report
produced . . . is it accurate? Next, how efficient 1is tkhre
data entry mode? This 1s also a wuseful statistic for
judging the merits of each system. Accuracy and efficiency
were basic measures of the total system capadility, i.e. the
man and the machine. BRecognition accuracy was a measure of
T62¢€ rerformance alone, with orerator errors such as
misprcnunciation removed. Twc reccznition accuracy measures
were examined, dbut the first is considered most appropriate

in this exreriment since the T6€€ d4id not output incorrect
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data

put

"beeped when it rejected what should have been a

valid vocabulary utterance.

v. EYPOTHESES

The following hypotheses were tested:

1.

Eyrotheses Regarding TIME

d.

-

Trere is nc difference in TIME to
complete rerorts between FAST

anrd SLOW typists.

Ho false.

There is no difference in TIME to
complete reports among the

THREE DATA ENTRY MODES.

Bge false.

There is no difference in TIME to
complete repcrts among the

TEREE TRIAILS.

Ho false.

Hyrotheses Regarding ACCURACY

-

There is no difference in ACCURACY of
reports between FAST and SLCW typists.

Ho false.

There is no difference in ACCURACY of
revorts among the THREER DATA ENTRY MODES.

He false.
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There is no difference in ACCURACY cf
reperts amcng the THREE TRIALS.

Ho false.

dypotheses Reczardineg XFFICIENCY

There is no difference iz XZFFICIENCY
between FAST and SLOW typists.

Hy false.

There is nc iifference in EFFICIENCY
among the THREE DATA ENTRY MODES.

He false.

There is no difference in EFFICIENCY
among the THREE TRIALS.

Hp false.

Hypotheses Regarding T6¢¢ RECOGNITION ACCURACY

WITHOUT REJECTS

There is no difference in RECOGNITICN

ACCURACY between FAST and SLOW typlists.
Ho false.

There 1s no difference in RECOGNITION

ACCURACY among the TwWO VOICE MODES.

Ho false.

There is no difference in RECCGNITION

ACCURACY among the THREE TRIALS.

BEgo false,
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. Eyrotheses Regarding T€22 RECOGNITION ACCURACY

WITH REJECTS

a. Hg ¢ There is no difference in RECOGNITION
ACCURACY WITh REJECTS between FAST and
SLOW typists.

g) + Hp false.
b. Hp : There is no difference in RECOGNITION
ACCURACY WITH REJECTS among the TWO
VOICE MODES.
Hy : He false.
c. Hp : There is nc difference in RECOGNITION
ACCURACY WITH RFJECTS among the THREE
TRIALS.
Hy :+ Hp false.
6. Hyrothesis Regarding SUBJECT ATTITUDES

Hg : There is no difference in SUBJECT
ATTITUDES regarding a preference for ’
VOICE DATA ENTRY over TYPED DATA
ENTRY after the experiment.

H‘ H Eo false.

E. TXXPIRIMENTAL DESIGN

The conceptual design fer the experiment is {llustrated

in Figrre 1%, This 4is a three-factor nested design with

E repeated reasures over trials. The subject is nested within '
y 4
} only one typing ebility condition. Recall that one~third of
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the subjects started typing first; another third started

voice-undbuffered first, and another third sterted
voice-buffered first.

Ar analysis c¢f variance procedure was selected to test
the hypotheses for reporting times, accuracy, and
efficiency, and T€E2¢ recognition rates. A siznificance
level of ac = 2.2% was used as the experimental threshold. A
sign test was chcsen to evaluate the subjective

questionnaire results at a significance level of o= @.18.

I. RESULTS

1. Resulte for Reporting Time

The results for reporting time were the most
significant, with an analysis of variance (ANOVA) indicating
SIGNIFICANT DIFFERENCES in the DATA ENTRY MODES and TRIALS
«p < .0005). The mean reporting times in Table I show the
average time in minutes to complete each of the reporting
trials for each of the three data entry modes. Table II
displeays the results of the ANOVA for reporting time, and
Figures 16 and 17 illustrate the significant differences.

Onr the average, voice—unbuffered was 41% faster and
voice-buffered was 58% faster than typed data entry. Thus
volce data entry, averaging the two mcdes, was S5€¥ faster

overall than tyring. Volce data entry was faster because the
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subject was able tc simultanecusly receive information

throveh the viewport while composing the regport. The
feedtack received on the ronitor enatled immediate
confirmation of the T660 response to his/her utterances.
The typist, in the conventional reporting mode, was <forced
to return often to the viewport to zet additional items of
inforration, siance there was too rmuch to memorize. The
illustrated differences may be seen in Figure 16.

Learning over trials is arparent in all three data
entry modes. Figure 17 illustrates the differences in time
to complete the scemario by trials. No significant
differences were noted between typlng abilities. All
subjects adapted to the reporting task well, The voice-
buffered mode was the most natural for subjects to use,
since they could simply speak the report into the system,
and make correcticns most easily. Thus they learned to use
it quickly, and improved slightly thereafter. The voice-
unbuffered and typing modes, with more room for improvement,
showed more learning as the subjects adapted to the
reporting scenaric.

No significent difference was apparent bvetween fast
and slow typists for this exrerirment. This was rrimarily
tecause the amouvnt of information that the subject could get

from the tachistoscope was 1limited to the amount he/she

could memorize when meving back and forth to the manual

keyboard.
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TABLE 1

MEAN REPORTING TIME (MINUTES)

VOICE VOICE
TYPING UNBUFFERED BUFFERED
FAST TYPISTS
Trial 1 16.2 11.6 190.5
Trial 2 13.€ 12.5 19.1
Trial 3 13.2 9.6 9.1
All Trials 14.3 12.€ 9.9
SLCW TYPISTS
Trial 1 18.¢ 12.7 12.2
Trial 2 16.5 12.8& 9.8
Trial 3 15.6 1¢2.5 9.2
All Trials 16.7 11.3 9.7
ALYl SUBJECTS
Trial 1 17.1 12.2 12.3
Trial 2 1.1 1.7 190.9
Trial & 14.4 1¢.1 9.2
All Trials 1£.5 11.2 9.8
For the following analysis of variance several
abbeviations are vused for the sake of bdrevity. Their

meaning is expanded below:

S8: Sum of Squares

if: degrees of freedor
MS: Mean Square

F: F Ratio

P: significance level

74




Gl o i diay ? e ey
R/ DUy .

A Ny S A

L T

R TR T G et AT e ) aige

TABLE II

ANALYSIS CF VARIANCE FCR REPORTING TIME (SECONDS)

SOURCE

SS

BETWEEN SUBJECTS:
Typing Ability
(Ta)

Zrror
WITHIN SUBJECTS:

Date Entry
Mcde (DEIM)
TA x DEM

Error(1)

Trials (Tr)
TA x Tr

Error(2)

DEM x Tr
TA x DEM x Tr

Error(3;

TOTAL

3,558,8¢1.€¢

149,472.0¢€

3,439,328.61

6,588,8€1.2¢2

3,969,141 .28

167,215.63
1,159,579.54

424,888 .41
276€.7¢
220,25%.50

€6,39€ .02
17,872.27
525,207.79

15,172,124 .80
** ¢ < 2.02¢5

af

19

18

16¢

4
72

179

MS F P
149,492.28 .78 NS
191,072.87

1,984,570.64 61.61 **
93,607.82 2.91 NS
22,212.54
212 ,444.21 33.22 **
1,383.35 @.z22 NS
€,39E.99
1€,599.01 2.28 NS
4,468.27 ¢.61 NS
7,294.55

[ NS: NOT SIGNIFICANT for p < 2.85 ]
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Figure 16. Mean Reportirg Time by Data Entry Mode
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Figure 17. Mean Rerorting Time by Trial
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<. Results for Rerorting Accuracy

The results for rerorting accuracy are shown in
Tables III amd IV. The analysis o¢f variance fcr the
arcsir-transformed efficiency data revealed NO SIGNIFICANT
DIFFERENCES in ALL CONDITIONS investigated. The subjects,
whether fast or slow typists, did near perfect reporting in
each mode, over all trials. The reportirz accuracy was
expected to be high, but exceeded the author”’s expectatiorns.
An average of 99.5% accuracy was achieved for the
experiment.

Subjects were told to g0 as fast as rossible, while
malntaining accurate repcrting. Most errcrs were errcrs c¢f
omission, where a letter or word was missing from a report.
Ever greater speeds cculd be expected, especially frem
voice, in situations where rore errors could be tolerated.
But ir tke <case of imagery reporting, accuracy was deemed
essential, even though orerationally repori¢s are normally
edited before being sent cut to the agencles.

TARLX I1II
MEAN REPORTING ACCURACY (%)

VOICE VOICE
TYPING UNBUFFERED BUFFERED
FAST TYPISTS 99.8 89.6 89.7
SLCW TYPISTS 89.2 89.4 99.6

ALL SUBJECTS 89.5 99.5 99.6
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TABLE IV
ANALYSIS OF VARIANCE

¥CR ARCSIN-TRANSIORMED REPCRTING ACCURACY

T

Y = 2 * ARCSIN [SGRT(ACCURACY %))

|
}4 SOURCE sS df vs F P
;1 - - - —— e ——
if! BETWEEN SUBJECTS: 2.788 19
-} Tyring Ability 2.004 1 2.204 @.22 NS
(TA)
7! Error 3.784 18 2.210
'] ¥ITHIN SUBJECTS: 24.032 162
Data Entry
Mode (DEM) 2.34€ 2 2.172 1.18 NS
4 TA x DEM 2.427 2 2.204 1.40 NS
H Error(1) 5,262 26 2.146 #
{
3 Trials (Tr) 2.252 2 2.176 1.18 NS |
4 TA x Tr 2.202 z 2.101 2.68 NS 3
15 Error(2) 5.362 36 ¢.149 {
DEM x Tr 2.395 4 9.299 2.64 NS
TA x DEM x Tr ¢.226 4 ¢.c82 @.53 NS
Errer(3) 11.078 72 2.154
TOTAL 27.818 179
( NS: NOT SIGNIFICANT for r < ¢.€5 ]

Note: Arcsin transform above normalizes the per cent data.
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Restults for Rerorting Zfficliency

The results fcr reperting efficiency are <hcwn ir
Tables V and VI. The analysis of varience 1indicated
SIGNIFICANT DIFFEREZNCES Dbetween the DATA ENTRY MODES.
Figure 1€ shows the differences with tvping being the most
efficient at 95%, voice~buffered next with an efficiency of
£5%, and finally vecice-unbuffered with an efficiency of £0%.

The author attributes the efficlency difference, in
rart, to the level of experience with the mcde. The reader
may recall that the subjects had, 1in gereral, extensive
keyboard experience during five quarters at NPS. In
comparison with typing, the subjects had very little
experience with voice. It is expected that if subjects were
more skilled and efficient in the use of voice data entry,
the time advantages rerorted earlier would be even more
drametic. Voice-buffered was more efficient thaen voice-
uvnbuffered because the subject could edit out an entire

incorrect vtterance, vice deleting it by voice a word at a

time {n the unbduffered mode.
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TABLE V :
“IAN REPCATING EFFICIENCY (%) !

| e
g VOICE VOICE i
1 TYPING UNBUFFERED EUFFERED 5
3 FAST TYPISTS
] Trial 1 0Z.6 77.2 3.5
| Trial 2 95.1 8¢.5 85.7 .
1 Trial 3 92.8 £1.6 3.2 I
| ALl Trials 94.2 79.¢ g4.2 |
¢ 3
! SLOW TYPISTS
4 Trial 1 94.4 0.9 €6.3 ,
| Trial 2 95.8 84.4 84.4 ;
% Trial 3 96.7 76.9 EE .4
-.,I —— - - —— - ——
i All Trials 95.6 6¢.4 6.4 '
X i
ALL SUBJECTS
- Trial 1 94.¢ 76.6 g4.9
< Trial 2 95.4 g2.5 5.2
: Triel 3 98.3 79.3 £5.8
X === o—— m————
] All Trials 94.9 8¢.1 85.2
.» .
L i b,
2
4 |}
B
;
;
61




TA3BLE VI
ANALYSIS Or VARIANCE

FOR ARCSIN-TRANSFCRMED REPCRTING EFFICIENCY

v = 2 % ARCSIN [SQRT(EFFICIENCY %))

SCURCE SS
BETWEEN SURJECTS: 3.2E9
Typing Ability 2.134
(TA)
Errer 2.92¢
WITHIN SUBJECTIS: 13.689
Data Entry
Mode (DIMm) 7.182
TA x DEM 2.223
Zrror(1) 2.869
Trials (Tr) 2.17¢
TA x Tr 2.0z9
Error(2) ¢.86¢
DTM x Tr 9.16%7
TA x DEM x Tr 221
Errer(3) Z.1E€
TOTAL 1€.748

[ NS: NOT SIGNIFICANT fecr p

** ¢ < ¢.001

af

19

18

16¢

ny

36

4
4
72

179

82

MS ) P
2.124 2.82 NS
2.162
2.E81 44 .95 ¥*
2.211 @.14 NS
@.279
¢.285 3.54 NS
.219 2.42 NS
¢.86¢
@.24c2 1.40 NS
z.e7c 2.52 NS
2.230
< 9.25 }
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4. Results for TEQ@ Recognition Accurecy

The restlts fcr the TEZ? TRecozgnition Accuracy are
cshown 1in Tatles VII, VIII, IX, and X. Analysis of variance
cf the results revealed NO SIGNIFICANT DIFFEREINCES <2cr ALL
CONDITIONS considered. Thus the T63¢ reccznized all
subjects egqually well durire all trials of the -experiment.
The TE2Z recogrition accuracy was 97.2% overall if an error
is defined as a misreccgnition only. I rejects are
included, the recogmnition accuracy drors to SE.EZ as an
overall average.

These results are bTased on an eaverage of 181¢
utterances per subject giving 3¢,38¢ wutterances Zor the
entire experiment vusing 22 subjects. This number includes
the utterances required, ©rplus misrecognitions and reject
utterances, and finally the wediting utterances wused to
correct errors. A list of misrecognitions and rejects 1is
contained in Aprendix EH.

The author had expected the recognition
accuracy to get wcrse in later trials from fatigue or
frustration, since the experiment was two tc fcur hcurs 1in
length. One procedure that may khave bhelrped was to
allow subjects to, uron their reguest, retrain troubdlesore
words durizg the ccurse c¢f the experiment. The time tc
retrain was counted against the trial time to account for

realistic retraining that wculd take place on the jot.
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TABLE VII
MEAN T6¢¢ RECOGNITION ACCURACY (%)
WITEOUT REJECTS

VOICE VOICE
UNBUFFERED BUFFERED
FAST TYPISTS 97.¢ 87.1
SLO¥W TYPISTS g7.¢ 96.9
ALL SUBJECTS 97.¢ 97.2
TABLE VIII

MZAN TE2@ RECOGNITION ACCURACY (%)
WITH REJECTS

VOICE VOICE
UNBUFFERED BUFFERED
FAST TYPISTS 35.8 95.4
SLOW TYPISTS 9%.2 5.4
ALL SUBJECTS 95.5 95.4
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TABLE
ANALYSIS OF

ARCSIN-TRANSFORMED T6¢¢
WITEQUT

1X

VARIANCE

RECOGNITION ACCURACY
REJECTS

Y = 2 * ARCSIN [SCRT(ACCURACY %)]

SCURCE SS

BETWEEN SUBJECTS: ¢.864

Tyring Ability 2.2e1

(Ta)

Iirrcr 2.8€3
WITHIN SUBJECTS: 1.933

Data Entry

Mode (DEM; 2.20@
TA x DEM 2.2¢9
Errer(l) 2.231
Trials (Tr) 2.229
TA x Tr Q.237
EIrror(2) 2.281
DEVM x Tr 2.253
TA x 2EM x Tr 2.232
Error(3) 2.381
TOTAL 1.897

gz MS F P
19
1 g.221 2.2 NS
18 D.248
129
Y1 2.0092 2.028 NS
1 2.229 2.69 NS
18 g.212
2 9.20¢% 2.63 NS
2 2.219 2.38 NS
2€ 2.228
2 g.ez7? 2.45 NS
e 2.216 1.48 NS
36 z2.211
119

[ NS: NOT SIGNIFICANT for p < 2.85 ]
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TABLE X
ANALYSIS CF VARIANCE

ARCSIN-TRANSFORMED RECOGNITICON ACCURACY
WITH REJECTS

Y = 2 * ARCSIN [SGRT(ACCURACY %)]

SCURCE SS af MS F P
BETWEEN SUBJECTS: 2.926 19
?yp%ng Ability g.ece 1 2.7¢¢ 2.2¢ NS
TA
Error 2.926 18 2.251
WITHIN SUBJECTS: 1.10€ 122
Data ETatry
Mode (DEM) 2.2¢0@ 1 2.202¢ 2.2e NS
TA x DEM 2.2024 1 9.2004 2.33 NS
Error(1l) 2.224 18 ¢.e12
Trials (Tr, 2.001 2 2.20¢ 2.22 NS
TA x Tr 2.234 2 2.217 2.43 NS
Errer(2) g.che 3€ 2.0e7
DEM x Tr 0.246 2 2.023 1.64 NS
TA x DEM x Tr 2.218 2 2.2e9 @.84¢ NS
Zrror(3) 2.521 36 2.014
TOTAL 1.977 119

[ NS: NOT SIGNIFICANT for p < £.95 ]
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During the exzerireat the auvthor observed that

subjects <cccasicnelly tecame frustrated when the
T60¢ was misrecognizing their utterances. Tkis
frustration arpeared to, at times, generate & lack of
confideace in the T€Z20, along with e <change ip the
overall pitch, rate, and ioflection of the voice.
The frustration seemed more prevalent in the
tnbuffered than the ©buffered mode. For this reascn, the
T68@ buffered mode was expected to have a better
recognition rate, since it was faster and somewhat easier
tc use. However the recults irdicate there is no
difference in the recognition rate. One explanation is that
subjects went 2faster in tne buffered mode since they could
correct tke misrecogniticns more easily. With tre
consequence of a misrecognition reduced, they were less
afraid to make mistakes.

5. Results for Subject Attitudes

The scores from the subjective questionnaire given
before and after the experiment were tested for any general
charge in cpinicn regarding voice versus typed data entry.
These scores were evaluated using a2 two-tailed nonpararetric
sign test, &= 0.10. A significant shift ir faver of veolce
data entry over typing occured for helf of the criteria
ccvered by the questiconnaire. No significant <hifts toward
typing resulted from the analysis. Appendix I contains the

results o0f the pre/pest questicnauaire,
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Surmarizing the results, subjects either wEeEre

aevtral or favored vcice before and after the exreriment,
£fter the experiment, they preferred vcice even mere for
ease of use, speed, flexivility, 4intermittent use, and
finelly ease of learning to use as an input medality. They
continued to believe that voice was a more accurate,
sustaining, relaxed mar-machine interface fcr cn-lire
reporting of critical, time-seansitive information such as
intellizence ottained in a high-pressure work envirconment.
The sudbjects” positive attitudes about voice arise
from their f{resh experience and observations of speech
recegnition equipment in the C3 Leb at NPS, where it is used
witn the Wargame Effectiveness Simulator (WES) with graphics
and other ARPANET and lasboratory fecilities to demonstrate
its potential for gommand. control, ard ccmmunicaticns

éprlications.
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ITI. DISCUSSICN

A. GENERAL

This thesis investigated tne rotential applicaticn of
autometic speech recogrnition technology to militery imegery
interrretation reporting. Cunly the order of battle rortion
of reprorting was 1investigated beceuse of limited time and
resolrces, The overall results of the experiment are
suppertive c¢f the applicatiorn ¢f vecice data entry fer
imagery interpretation reporting systems. Voice-buffered
mede was 58% faster than tyring, while voice-unbuffered was
41% faster. On the average, voice was £@% faster than
typine.

Voice was faster because it allowed the operator to view
the irage while reporting. This exreriment rodeled
conventional 1imagery reporting systems where a light tabdle
is 1located next to a computer console, The orerator
must mcve back and forth betweern the 1light tabdble arnd the
console, or two operators work together, with one
interrreting the imagery, ani the other writing the report
via the console. Yor these situations, it appears voice
data entry wevld significantly 1imprcve reporting speeds
and/or require only ore person per station to rerform the
tasz. For newer systems with the keyboard and fﬁnction keys

duilt {nto a computer corscle with a light tadle cr dizital
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disyley, voice may not heve as siznificant an 1imrract for

imzrovine reperting sreeds.
Eoth voice ard typing were very accurate for
the experimeantal task, with &o significant difference

:1 tetween mcdes and an cverall accuracy of 99.5%. It s

=) interesting t0 note these sreeds and accurecies were

cbtaine? even thcuzh subjects were 1less efficient with
either mode of voice. Voice-unbuffered had &0 .1%

efficiency, voice-buffered had £5% efficiency, and

Y ' 2% <

*
LA
IS PREPENINE Y WY

A

typing had 0% efficiency. These results WETE all

attained at a significance level of x = ¢.25 or better.
In terms of recognition eccuracy, the results were
tetter tnen the author expected. Poorer results were
f expected Dbecause skhort phrases consisting of several é
ﬂ utterances were used rather than sirrle one or two utterance
I% ccmmands. It was anticipated that subjects wculd run words

togetker more then they actually did, and it was also

anticipated that the T6@€ wculd have mcre trcutle witn

LN . S

similer souvnding terms such as MIG-2E% FOXBAT and MIG-ZER

4
FOXEAT...or CHARLIZ I CLASS and CHARLIT II CLASS. Though ﬁ

the T€22 did misrecognize such words at times, subjects

dndit

cuickly adapted tc the sitvaticn, emphasizing the portion of

the utterance that was unique, tkhereby achieving
better results., The 97% overall recognition accuracy
would 1likely 4improve with prectice enad 1increesed usacge.

Additionally, new high-speed recogalition systems, like

D R e PSRy ™
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v Threshold ‘s QUICKTALL (Trademark,;, reeuire a much shcrter

reuse between uvtterarces, thus permitting the orperator to

T T T TR,
v

syeak faster. CQUICKTALR is advertised to reach sgpeeds of

1€2 words-per-minuvte, and 9Y9% accuracy for moderately

haib Mahs L e - g

1 treined speakers. Vocabulary structuring may also be

rerfcermed which allows the system to search orly a sutset of
the vocaebulary, thus increasing the speed and eaccuracy of
recognition. This system, as advertised, has twice the
speed of the TEZC used in the experiment.

Sutjects tended to prefer vcice tefore and after the
experiment (evea mere). rcr toe vast majcrity of subjects,
this was the first use of voice continuously for an extended
pericd c¢f time. ZIven though it did nct meet some of their
more lofty expectations, they continuved to give voice the
edge in the csubjective gquestionnaire, and actually
strengthed their oriniors toward it on several criteria.

Thus this experiment, though outside an c¢peraticnal
setting, supports further research and possible applications
of ASR for iragery 1interpretation reporting systems, and j;
rerheps cther similar intelligence and tactical command ernd
control data systems. Tiae results are certainly not new,
but add credence to the related results eachieved by RAZC,

NPS, and others.
Use of the ARPANET facilities in this

experiment demonstrated, 10 a limited degree, that

repcrting can bYe perfcrmed withcut the benefis ¢t a

92




l1ocel host computer. This may be very teneficial in the
futvre if derartment of cefense organizetions want to

remctely query cr update & ccmmen data tase.

E. SXICOMMENDATICNS
1. Research

The tire is perhaps ripe for the military to perform
some research wusing voice data ertry as a keytocard assist
for one or mere of the currert imagery rerortinz systems,
such as TIPI IIS, MARRES, CATIS, PACXIR, AIRES, and others.
Ey teginaning now to look at the use c¢f vcice fer these
systems, the intelligence community may be able to identify
the specific questions needing to be addresseé to most fully
adapt volce as an input medality. In the next five cor tern
7ears, the outlook for “matter-of-fact” wuse of voice is
Zood. By stuvdyirz the prctlems associlated with trairirg,
user acceptance, physical interfacing, vocadbulary si:ze,
vocabulary data-base mailatenance, respcnse times, and other
areas row, voice will te more easily applied later.

Additionally, voice input may be applied to cther
tasks assoclated with the other intelligence disciplines
usirg interactive corruter-coantrolled devices, Cormand
center applications are also receiving increesed attentiorn
as natural language query systems coupled with grarphics
dieplays ccmmanded ty vclice are now a reality in terms c¢f

advanced applications techaolegy.
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All new imegery exrloitation systers teing cdeveloged

cr mciified snculd fully ccnsider the ternefite ¢f vceice
reccgnition technology. Considering the three to eight yeers
it takes to develor a new system, it is highly likely that
%y the time 1t is fielded, siznificantly more voice
carabilities will ©ve availabdle. Srecial consideratior
shovld be given to not only to how it might aid interpreters
in the reporting rrocess, but also hew they might bte able to
use it to enhance, manipulate, annctate, and otherwise
modify digital softcopy imagery on systems such as Compass
Preview.

2. Applications

Practical aprlications usiag voice data entry on a
larce scale will require a significant ameunt of werk. It
rust also bve proven that while voice may be as fast or
faster than typinz that the time differential achieved
contributes commensurately with the additional cqst of such
new technology. Careful atteation must be raid to involving
the users, since they will wultimately “sell” the system,
ever though proven in the lab.

The auther recommends a small applicatiocr first with
a few of the best interrreters who kroow the imagery
system well, and are ambivalert regarding vcice data entry.
By allowing them to wuse voice on a daily basis, they can
develcp the in-house expertise at the level needed to apply

it on a large scale later...or they may be able to assess
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t2at it just won’t wecrk for that rerticular arrlication.
The military is fcrturate, having excellent research
reorle 1involved with voice technology. RADC and NPS are

just two military instituticns able toc previde consultation

and assistence.

C. CONCLUSIONS

Since 1972, automatic speech recogrition has
rroven to be valuable for a number of limited
applicatiocns. The future for the technclogy 1ic tright.
The author <concludes voice 1is not wounly feasible, dut
desiratle as a means teward the test imagery
interpretation regporting possible. It is not so much a
guesticn ¢f whether voice can be used, tut rather ...

how <can it be used?...how extensively cean it be used?...and

" now ccst-effective will it bve?
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APPEINDIX &

USSR/WARSAW PACT CRDER OF BATTLE (OB, VOCAEULARY

INSTRUCTIONS: TRAIN THEZ WORDS IN THE GIVEN SEQUZINCE, USING
THEZ GIVEN PROMPT. WORD NUMBERS MARKED WITH AN ASTERISK MAY
BE TRAINED WITH THE GIVEN PROMPT OR YOU MAY USE YOUR CWN.
(THESE wORDS WILL BE USED FOR TEZXT EDITING, AND THUS SHOULD
EE FAMILIAR, EASY TC REMEMBER) **** BE SURZ TO WRITE IN THE
CNE THAT YCU USE ON TEEX VOCABULARY LISTING SO THAT 7YOU MAY
BAVE IT FOR FUTURE REFERENCE, %%%=

WORL FROMPT OUTPUT
4 ZERC ¢
1 ONE 1
2 TWO <
3 THREZE 3
4 FOUR 4
£ FIv: b
5 SIX 6
7 SEVEN 7
€ EIGHT 8
9 NINE 9
1¢ ALPHA A
11 BRAVO B
12 CHARLIE C
13 DELTA D
14 ECHO E
15 FOXTROT ¥
1€ GOLF G
17 HOTEL H
18 INDIA I
19 JULIET J
20 KILO K
21 LIMA L
e MIKE M
23 NOVEMBZER N
24 OSCAR ¢
5 POPPA P
<6 QUEBEC Q
27 ROMED R
<8 SIERRA S
29 TANGO T
S0 UNIFORM U
31 VICTOR )
32 WHISKEY L]
33 XRAY X

9€




Al .

SR ot AU A S,/ & R

[ VN S

}
i
g

s e € iy bk oo St g a0 b

YANKER
ZULU
POSSIBLE
PROBABLE
CONFIRMED
DASEH

ZRASE

GO OR CARRIAGE RETURN
SLASE

KILL WORD
KILL LINE
REPEAT LINE
SPACE

TEN
INSTALLATION
BLEVEN
UPPER LEFT
TANKS

LIGHT
MEDIUM
EZAVY

72

TE2

T54/5%

Tig

T34/€5
TWELVE

PT76
AMPHEIBEOUS
UPPER RIGKT
APC

ATGW

BRDV
BTREZPK
BMP7EPB
BRTR1E2
BTRSZPK
FIZLD EWTZRS
ASUBS -
SUlge )
AIRBORNE
LOWER LEFT
D3¢

AT3 SAGGER
ANTI-TK GUNS
D74

L22

1088

D44

BM21

M1976

n1eg

POSSIBLE_
PROBABLE.
CONFIAMED _

BKSP <CTIRL A>
<CARRIAGE RETURN>
/

<CTRL W>

<CTRL X>

<CTRL R>

<SPACE CHARACTERD> _

12
INSTALLATION _
11

UPPER LEFT
TANKS _

LIGHT_
MEDIUN_
HEAVY_

T-72_

PT-76_
AMPHIBEOUS _
UPPER RIGEHT
APC

ATGW

BRDM

BTR-6@PK_
BMP-76P5_
BTR-152_
BTR-52PK_
FIELD EOWITZERS
ASU-BE_
sU-1¢a_
AIRBORNE_
LOWER LEFT
D-3¢_

AT-3 SAGGER_
ANTI-TANK GUNS
D-74_

D-20_

M-1985 _

D-44_

BM=-27_

M=1976_

a7

P




o A URLSAN ANES ol

N

e . L e

B e Bar W UF o Ly Sy o

114
115
116
117
118
118
122
121
122
122
124
125
126
127
12€
129
13¢
131
132
133
134
135

EM24&
F2063

FRCG4

FRCG?

SCUT A

SCUD B

$S12 SCL3RD
SSM

AT1 SNAPPER
&5 MILIMETZR
1¢e¢ MILIMETR
SA4 GANEF
SA6 GAINFUL
SAE GECKO
SAS GASKIN
LAUNCHZERS
TEIRTEEN

ASW

FOURTEEN

AA GUNS
FIELD GUNS
ZU23/2
Z8U23/4
suer/z

Sé6e

M44

M4&S

57 MILIMETER
SU15 FLAGON
YAK28P FRBAR
TU28P FIDLR
MIG19 FARMER
MIG21 FSHBED
MIG23 FLGGER
MIGzS FOXBAT
MIGZ27 FLGGER
TUZ2¢ BEAR
TU126 MOSS
SUS FISHPOT
MIG2SR FXBAT
TUZZ BLINCER
TU16 BADGER
TU26 BACKFIR
MI4 EOUND
MI1Z2 HOMEK
MI6 HOOK

MIie HIP

MI10 HARKE
MI24 HIND
1138 MAY

M-4 BISON

IM-24
FROG-Z
FROG-¢
FROG-7
SCUD-A
SCUD-F_

SS=-12 SCALZBOARD
SSM

AT-1 SNAPPER_
£5=MM_

120-MM_

SA-4 GAMZIF_

SA-6 GAINFUL_
SA-& GECKO_

SA-S GASKIN_
LAUNCHERS

13

ASW_

14

AA GUNS

FIELD GUNS
2U-2%/2_
ISU-23/4_
ZsU-87/2_

5-6¢_

M=-44_

M=-49Q_

57 =MM

SU~15 FLAGON_
YAK-28P FIREBAR_
TU-28P FIDDLER_
MIG-19 FARMER_
MIG-21 FISHBED_
MIG-23 FLOGGER_
MIG-25 FOXBAT_
MIG-27 FLOGGER_
TU-2¢ BEAR_
TU-126 MOSS_
SU-9 FISHPOT_
MIG-25R FOXBAT_
TU-22 BLINIER_
TU-16 BADGER_
TU-26 BACKFIRE_
MI-4¢ EQOUND_
MI-12 HOMER_
M1-6 HOOK_

MI-8 ERIP_

MI-12 HARKE_
hI-24 HIND_
IL-38 MAY_

M=4 EISON_

88




136
137
138
139
14¢
141
142
143
144
145
14€
147
148
149
1g¢e
151

Sz
123
154

16¢
161

ne

173
174

177
178

182
184
185
186

SU19 FENCER
FIFTEEN

AN8 CANMP
AN12 CUB
ANZZ COCK
ANZ€ CURL
KA15 HEN
KAle HOG
KA25 HORMOME
1112 COACH
IL14 CRATE
1L28 BEAGLZ
IL76 CANDIT
AWACS

BE12 MAIL
TRANSPORTS
FIGBTERS
BOMBERS
FIGETER-BMRS
STRIKE/ATTCK
HELICOPTERS
RECONNAISNC
5SS

FRIGATE

SSB

SSGN

SSBN

CARRIER
CRUISERS
DESTROYERS
MINESWEEPERS
FRIGATES
CCRVETTES
MISSLE
TORPEDO
BOATS
LANDING
SIXTEEN
INTELLIGENCE:
SHIPS
SEVENTEEN
EIGHTEEN
KIXZV CLASS
MOSKVA CLASS
SSN

DELTA CLASS
DELTAZ CLASS
HOTELz CLASS
d0TZL3 CLASS
ASUS7

VICTCR CLASS

SU~19 FINCER_
15

AN=& CAMP_
AN-12 CUB_
AN-22 COCK_
ah-2€ CURL_
sA-15 HEIN_
XA-18 EO0G_
KA-25 HORMCONZ_
1L-12 COACEH_
1L-14 CRATE_
IL-2& BEAGLE_
1L-76 CANDID_
AWACS

BE-12 MAIL_
TRANSPORTS
FIGETERS
BOMBERS
FIGETER~BOMBERS
STRIKE/ATTACK
HELICOPTERS
RECONNAISSANCE
sS

FRIGATE

SSB

SSGN

SSBN

CARRIER
CRUISERS
DESTROYERS
MINESWEEPERS
FRIGATES
CCRVETTES
MISSLE_
TORPEDD _

BCATS

LANDING_

16
INTELLIGENCE_
SEIPS

17

16

KIEV CLASS_
MOSEVA CLASS_
SSN

DELTA CLASS_
DELTA II CLASS_
HOTEL II CLASS_
HOTEL III CLASS_
ASU-57_

VICTOR CLASS_

99
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4 187 YANAIZE CLASS. YANKEE CLASS_
: 168 GOLF1 CLASS GOLF I CLASS”
{ 189 GOLF2 CLASS GOLF I1 CLASS_
3 192 ZULU4& CLASS ZULU IV CLASS
; 191 KRESTAL CLAS KRESTA I CLASS_
: 192 XRESTAZ CLaS KRESTA II CLASS_ i
: 193 MIRKA1 CLASS MIRKA 1 CLASS_ ]
194 MIRKAZ CLASS MIRKA IT CLASS_
3 195 PETYAL CLASS PETYA I CLASS_ ]
: 196 PETYA2 CLASS PETYA II CLASS_ s
$ 197 JULIET CLASS JULIET CLASS_
! 196 LOWER RIGHT LCWER RIGEHT
199 122 MILIMETR 122-MM_
z0¢e FOXTROT CLAS FOXTROT CLASS_
221 RCMEO CLASS RCMEC CLASS_
2¢2 $SG $SG
202 BRAVO CLASS BRAVO CLASS_
204 ECHO1 CLASS ECHO I CLASS_
205 ECHO2 CLASS ECHO II CLASS_
ze6 152 MILIMEIR 182-MM_ i
ze7 TANGO CLASS TANGO CLASS_
208 WHISKEY CLAS WHISKEY CLASS_
209 CEARLIE1l CLS CEARLIE 1 CLASS_
210 CHARLIE2 CLS CEARLIE II CLASS
211 KARA CLASS KARA CLASS_
21z SVERDLOV CLS SVERDLOV CLASS_
213 KYNDA CLASS EYNDA CLASS_
; 214 KRIVAK CLASS ARIVAK CLASS_
3 215 KASEIN CLASS KASEIN CLASS_
'# 216 242 MILIMETR 240-MM_
3 217 KANIN CLASS KANIN CLASS_
| z18 INTERCEPTORS INTERCEPTORS
| 219 KOTLIN CLASS KOTLIN CLASS_
[ z2¢ KOTLN SAM CL KOTLIN-SAM CLASS
y z21 SKORY CLASS SEORY CLASS_
& 222 RIGA CLASS RIGA CLASS_
{ 223 GRISHA CLASS GRISHA CLASS_
| 224 NANUCHKA CLS NANUCHKA CLASS_
225 POTI CLASS PCTI CLASS_
226 0SA1 CLASS 0SA 1 CLASS_
227 0SA2 CLASS 0SA II CLASS_ 4
228 KOMAR CLASS KOMAR CLASS_ .
229 STENKA CLASS STENKA CLASS_
230 NINETEEN 19 ;
z31 TWENTY 22 3
232 SHERSHEN CLS SHERSHEN CLASS_
233 TWENTY-ONE z1 >
234 NATYA CLASS NATYA CLASS_
235 YURXA CLASS YURKA CLASS_
236 ALLIGATOR CL ALLIGATOR CIAss_
237 POLNOCNY CLS POLNCCNY CLASS_

1¢g¢




238 TWENTY~TWO 22

239 PRIMORYE CLS PRIMORYE CLASS_

242 TWENTY~THRZZ 22

241 TWENTY~FOUR 24

24z SS16 SS=-1€_

243 ss2¢ S$S=23_

244 SS14 SCPGOAT SS=14 SCAPEGOAT_

245 SS15 SCROOGE SS-15 SCROOGE_
; c4¢ ICEM ICEM 3
) - 247 IRBM IREM '
- 248 MOBILE MOBILE_ {
| 249 M24D M-240_
- 250 MORTARS MORTARS
. 251 ASSAULT GUNS ASSAULT GUNS
N <52 ROCKET LCEKS ROCKET LAUNCHERS

253 AIRCRAFT AIRCRAFT

254 TWENTY-FIVE 25
%
3
g
4
%
; i
: B
i ;
%

121




APPENDIX B
SCENARIO CARDS

TYPING CARDS =~> > > > > > > > FIRST T#ELVE

———— - : — — —

INSTALLATION Z613-T%1214

]
*% 4 CCNrIRMED BMP-76PB APC
7 gONFIRMED BRIM APC **

i
3 CONFIRMED AT-3 SAG?ER ATGw *%
1
*% & PROBABLE ZSU-23/4 AA GUNS
i

!
|
!
1
[
|
!
3
!
1
!
1
|
|
!
{
]
i
t
i | R, ————
t i
t
|
i
|
t
i
1
[
}
i
i
i
i
|
!
!
1

'
4¢ CONFIRMED T-54/55 MEDIUM TANKS **

|
; -
4 PROBABLE SA-9 GASKIN LAUNCH:RS

%
€ PROBABLE ZU-23/2 AA GUNS

1
INSTALLATION 2115-T1231¢
*% 8 CONFIRMED M~4 ?ISCN BOMBERS

1
*% 1 POSSIBLE TU-2¢ BEAR RECONNAISSANCE
AIRCRAFT i

|
12 CCNFIRMED TU-2@ BEAR BOMBERS **
R 1 CONFI%MED TU-~126 MOSS AWACS
[}

- - - - — —— ——

L2 i

{2 CONFIRMED BE-12 MAIL RECONNAISSANCE
iAIRCRAFT i

\

!

i

1

|

}

. |
? CONFIRMED IL-26 BEAGLE BOMBERS ** |
]

|

)

i

|

1

!

17 CONFIRMED TU-15 BADGER BOMBERS **
'

I
*% 3 PROBARLE TU-1€ BALGER RECONNAISSANCE
AIRCRAFT

- - - - - - - -

102
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INSTALLATION G128-T}3213 ok

i

2 CONFIRMED KRESTA 1
3 CONFIRMED ARESTA

]

§
#% 1 POSSIBLE TANGO CLASS SS

/
1 CLASS CRUISERS
I CLASS CRUISERS *=*

-~ — - - -

< PROBABLE CHARLIE I

{
1 CONFIRMED CEARL
s

1 CLASS SSGN %*

Iz T CLASS SSGN

i
|
i
1
t
!

- et o Y e o s = S i R = o S Y o 22—

I
INSTALLATION ZZSS-T%&ZIS

|
52 CONFIRMED ASU-85

1
27 CONFIRMED ASU-57 AIRBCRNE ASSAULT GUNS

2

-— e ——

do
AIRBORNE ASSAULT GUNS

#% 20 POSSIBLE M-24
€2 PROBABLE 122-MM D

so

-— ——— o —

¢ HEAVY MORTARS
29 FIELD HOWITZERS **

M-24 ROCKET LAUNCHERS

{
|
N
i
!
46 CONFIRMED 240-MM B
|
2

—— s = e i e s S ——— g = . = - ——




I3

PV - SO P Y

Y r

-y
N

S O T

et B TN e

.4

D o S 0 I

- —— e G (e G G - - T —— - —t— — - - -

NSTALLATION %827-T412‘3
CONFIRMED FOXTROT CLASS SS **
i

O

Ak

|
12 CONFIRMED JULIET CLASS SSG
*% 2 PROBABLZ DELTA I1 CLASS SSBN

Z PROBARLE DELTA CLASS SSEN

4 CONFIRMED GOLF II1 CLASS SSBN **

I}
% ;
& CONFIRMED POTI CLASS CORVETTES
i
|
i
1

*% 2 POSSIBLE YANKEE CLASS SSBN
4 PROBABLE ROMLO CLASS SS§ **

[ pe—
|

l

INSTALLATION Q&Q‘-T?2217
]

40 CONFIRMED T-1¢ HEAVY TANKS
i

|
*% 67 CONFIRMED T-34/8%2 MEDIUM TANKS

*% 43 CONFIRMED T-54/55 MEDIUM TANKS

3 CONFIRMED PT-76 LIGHT AMPEIBEOUS TANKS

*% g CONFIRMED BTR-lS; APC

|
) %R

€ CONFIRMED BRDM RECONNAISSANCL APC

- e S s e i Ty e e " - - o e >




ke SRS S

Aot -
SRt /U AP,

b SRR A

c A i o
DA il mi

~F

i L2

P WO VI, A

-— —_— - -

INSTALLATION GSEZ—T%SZZ& s

] /
11 CONFIRMED TU-22 BLINDER BOMBERS

<¢ CONFIRMED TU-2€ BACKFIRE BOMBERS **

S PROBABLE IL-z8 EgAGLE BOMBERS
ok

—— - ——

*% 2 CONFIRMED ILT76 CANDID TRANSPORTS
i
[}
i

s

15 CONFIRMED AN-12 CUB TRANSPORTS
!

I
ook
7 CONFIRMED MI-8 H}P HELICOPTERS

i
INSTALLATION ZZ&?-T?4283
[}
*¥ 5 PROBABLE KOMAR CLASS MISSLX BOATS

|
1
! %

{
17 CONFIRMED OSA I CLASS MISSLE BOATS
!

!
£ CONFIRMED OSA II CLASS MISSLE RBOATS

D e

{
%%k \

t
11 PCSSIBLE NANUCHKA CLASS TORPEDO ROQATS
\

!
€ POSSIBLE GRISHA CLASS CORVETTES **

—— T — ——— ———— —— — -

1
*% 7 CCNFIRMED STEINKA CLASS TORPEDO RBOATS
|

. = i == e v = S = e e =~ o = e o o




INSTALLFTION 2243~ T‘lc?&

| é |
i i |
| | i

12 CONFIRMED MIG-27 FLOG IR STRIXE/ATTACK
AIRCRAFT
{16 CONFIRMED SU-18 FENCER STRIXE/ATTACK
AIRCRAFT ,
2 PCSSIBLE MIG-Z5R FOXBAT RECONNAISSANCE
__ATRCRAFT_ ** |

TR
- .L.'...‘__.A.

i
INSTALLATICN ¢657-T132179 %
! / ek

|
2 CCNFIAMED HOTZL II CLASS SSBN /
1 CONFIRMED HOTEL III CLASS SSBN

xR l

1 PROCBABLE GOLF I CLASS SSB
e |

1 PRCBABLY MIRKA I CLASS LIGHT FRIGATE
|

|
HE b
1 POSSIBLE ZULU IV CLASS SS

| e e e
"

10€




INSTALLATION 241@ T33252

*% 4 CONFIRMED 1€@0-MM M-49 AA GUNS
4 CONFIRMED ZSU—57/2 AA GUNS ——-%*
6 CONFIRMED 85~-MM M-4¢4 AA GUNS

-

21 CONFIRMED 8£-MM D-44 ANTI-TANK GUNS

" -'- —— -——— -

‘j ! x %
_ %% !
L / |
& & CONFIRMED FROG-4 SSM MOBILE LAUNCHERS
i
$ T T i
S : el {
| | € PROBABLE AT-1 SNAPPER ATGW g
4 i [
! ! wr | | %
- ! 4 CONFIRMED 122-MM D-74 FIELD GUNS g !
' | :
z | ;
i 1
1 i
|

P

INSTALLATION ©173-T34246 *x *x

1 CONFIRMEL TU-126 MOSS AWACS /

1 CCNFIRMED TU-18 EADGER RECONNAISSANCE
AIRCRAFT

1€ CONFIRMED AN-;: COCK TRANSPORTS

18 CONFIRMED T9-2@ EAR BOMBERS

3

12 CONFIRMED TU-22 BLINDER BOMBERS **

R > > S o L S

2 CONFIRMED TU-20 BEAR RECONNAISSANCE
AIRCRAFT *x

)
1
—- ————
=1

-

1e7




VCICZ- UNBUFFERED CARCS => > > NEXT TWELVE

- -1 -
INSTALLATION 215€-V11252 *x

i /
9 PROBABLE YAK-ZSP_F}REBAR FIGHTER-BOMBZRS

!
20 CONFIRMED TU-28P_FIDDLER INTERCEPTORS
! ok

i
3
':
| [
1*% 12 CONFIRMED SU-15_FLAGON INTERCEPTORS
E |
i
i
i I
13 PROBABLE MIG-25_FOXBAT INTFRCEZPTCRS
i

|
|
|
!
|

1

i

|

| i

i 11 POSSIBLE SU-9_FISEPOT FIGETERS *=*
|

I

{

|

!
15 PROBABLF MIG-21_FISHBED FIGHTERS**
- - |

Tl d AT AP Sy of . 44

INSTALLATION 2357-V1z2252
| e

1 CONFIRMED MOSKVA_CLASS CARRIZER
|
t
Xk i

1
1 CONFIRMED KIEV_CL%SS CARRIER

!
*% Z PROBABLE KARA_CLASS CRUISERS
|

4
!

1
*% 3 CONFIRMED KASHIN_CLASS DESTROYEFRS
{
I
*% & CONFIRMED KRIV%K_CLASS FRIGATES

{
-2 -]

& CONFIRMED MIRKA II CLASS LIGET FRIGATES
i

|
1
i
!
|
|
!
!
|
|
1
t
!
i
t
!
|
1
t
|
|
!
i
t
i
i
|
i
]
!
i
|
|
!
i
|
1
|

- " = e 4 ——— = = — - T "




- i
INSTALLATION 2188-V13259 o
€ PRCBABLE E7-MM S-G? MEDIUM AA_GUNS

!
|
|
] | i
B | %% 4 CCNFIRMED SA-8_GECKO LAUNCHERS
: i |
| |
i 3 CONFIRMED SA-4 _GANEF LAUNCHERS **
|
|
I

]
|
oK !
19 PROBABLE MI-24_KIND HFLICOPTERS

|
:
:
i
!
|
[}
|
% : :
. ‘ |
| T e ity E
ha ; 4 CONFIRMED SA-6_GAINFUL LAUNCHERS |
- i [
3 ] 1 1
‘ % { & CONFIRMED SS-12_SCALEBCARD MOBILE SSM |
i | : % |
k| i 5 CONFIRMED FROG-3 MOBILE SSMm ** g
= \
s s s
E | %% 4 CONFIRMED SA-9_GASKIN LAUNCHERS f
4 -- | == .
‘ R jm———— i 4
‘ { INSTALLATION 2199-V}4197** |
4 | i ]
| | 1€ CONFIRMET MI-4_HOUND EELICOPTERS 5 1
3
f i **f i
‘ ! 11 CONFIRMED MI-12_HOMER EEZLICOPTERS :
[} [} [}
t ] ]
3 | ** 5 PROBABLE MI-6_HOOK HELICOPTERS i
3 = ity [ttt |
’ i ] !
! | | :
: 21 CONFIRMED MI-10_EARKE HELICOPTERS |
i
% | :'
{ 1
1 t
| |
| :
| |
!

198




- |
INSTALLATION @228—V?1221
l**

1 CONFIRMED SS-1€ MOBILE ICEM

[P

*%* 1 CONFIRMED SS-14_SCAPEGOAT MOBILE IREM
2 PROBABELE SS5-2¢ N?BILE IRBM **

e 3 e ke s

1

L}

|

i

t

1

i

1

i i
#% ] PCSSIBLF SS-15_SCRCOGE MOBILE IREM |
E !

|

[}

|

|

t

i

\

l
i
i
i
|
]
!
i
. |
- f
1 : |
A i e b e e e e ;
; i i ! ?
L : *% 1| CONFIRMED FROG-7 SSM ! ;
3 | ** 3 CONFIRMED SCUD_A SSM ; :
i ! f } ’
. ” 1 1 L}
! | | x :
 : | 1 POSSIBLE SCUD_B SSM :
- | 1 ]
L ¢ t [ | 1
. 1 i 1 ]
! ‘ | |
1 1
) INSTALLATION 2195-V22231 !
3 ‘, ' i
5 1¢ CONFIRMED KA-25_HORMONE HZLICOPTERS !
] x% !
:' 3 I,
1 11 CONFIRMED MI-g HIP HELICOPTERS |
_a . i L 7

|

*% 4 CONFIRMED KA-15_HEN HELICCPTERS
I
!

*% € CONFIRMED KA—lé_HOG HELICOPTERS

i
{ %%

1
22 CONFIRMZED IL-12_90ACH TRANSPORTS

—— e e . e e - = b 22 e o o T

1
22 CONFIRMED IL-14_CRATE TRANSPORTS **
]

it a0 ot SRt D s
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RV SRS 4

INSTALLATION 2327- V2‘24°
;¥% 2 PRCBARIE PRINORY& _CLASS INTELLIGENCE
SEIPS

%

CCNFIRMED POLNCCNY_CLASS LANDING SHIPS
CONFIRMED ALLIGATOR_CLASS LANDING SEIPS
ok

Ny (A

%%
S CONFIRMED YUHRKA_CLASS MINESWEEPERS
i
%% 5
2 POSSIELE NATYA _CLASS MINESWXEPERS

4 PROBABLE PETYA ITCLASS FRIGATES
2

-

[

[

- g -

- —— - -

INSTALLATICN ¢187~ V24477
** €@ CONFIRMED BTR-€2PK AMPHIBEQUS APC
%% 25 CONFIRMED T-62 MEDIUM TANKS
i

|
23 CONFIRMEL 85-MM D-44 ANTI-TANK_GUNS *=

! &%
18 PROBABLE BM-21 ROCKET_LAUNCEERS

p—— - —— | o o > o o G = S = s B W e e -

i
*%22 CCNFIRMED 124-MM D-3¢ FIELD_HOWITZERS

ke ;
19 CONFIRMED M-1955 FIELD_HOWITZERS
1

!
17 CONFIRMEL M-197€ AIRBORNE *=*
ASSAULT_GUNS {

[
!
1
1
{
|
i
!
]
!
1
!
|
t
]
|
§
1
i
|
1
|
i
!
i
|
|
[}
i
!
|
t
|
!
|
t
)
|

-— - H -
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G, oms _;

e

R P

UMM 501, SO o vt - NI S

L % W

i et s vt e el s il % e

‘-
|
1
|
i
!
1}
1
{
|
i
|
\
|
!
1
i
t
i
‘—-
]
!
I
'
i
!
I
!
|
L
i
i
\
|
1
L}
f
|

INSTALLATICN @528-V?1176

1
#** 11 CONFIERMED PET?A_II_CLASS FRIGATES
|
*% Z PROBABLE ?RAVO_CLASS SS

)
L2 !

1
3 CONFIRMEL ECHO_I_CLASS SSGN

—————— ) — — - ——— — — — — S T — T G > —— -

I
|
|
I
|
;
5 CONFIRMID RIGA_CLASS FRIGATES
E
!
:

t

- |
INSTALLATICN 2412-V32237 Lt
<2 CONFIRMED BTR'5@?K AMPHIBEQUS APC

]
4¢ CONFIRMED T-72 HEAVY TANKS —— **
18 PROBABLE SU-12¢ %SSAULT_GUNS

33k

1
#%2E CONFIRMED 15z-MM D-20 FIELD_HOWITZERS

*

* |
13 PROBABLE M~1976 AIRBORNE ASSAULT_GUNS

————— —————— o
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=
INSTALLATICN @276-~V33264
15 CONFIRMED MIG~Z1_FISHBED FIGHTERS
%% |
|

!

[}

!

t

|

!

[

t

| o |
12 CONFIRMED MIG-19_FARMER FIGHTER-BOMBERS|
} [}
I

|

|

{

|

|

1

:
** 11 PROBABLE MIG~2z3_FLOGGER FIGHTERS

$ ' f
| - mTommmmoo e et 2% |
. 17 CCNFIRMED MIG-27_FLOGGER STRIKE/ATTACK!
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APPENDIX C
TEI® TRAINING INSTRUCTIONS
Yor this experiment a 224 word vocabulary will be used
with the Threshcld €8¢ (1622, voice recogniticn system. You
will be required to speak each utterance ten times to train
tae TEZD tc reccgnize ycur vceice. Twe sessions ¢?
aprroximately 9¢ minutes will be reguired to <complete the

tralning rrior to exrerimentation.

Please observe the folleowing guidelines during training
and operation of the T62¢, as they will imrrove gperformarce

and reduce the time required for retraining.

a. Use variety. Say the repetitions with the
variety of intcnaticn, emphasis, and vclume

you would expect to use in normal speech.

4. Speak criscly without pausing. Ze natural
and relaxed. Don’t exaggerate or
overemphasize; f¢r example when saying the
word “five , don’t say "FI-I-VEE", thereby
cveremphasizing the end of the werd in an

unnatuvral way.

12¢
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. Do the reretiticns in z2rcups te aveid treath

noise aad help you couzt the reps. For

example tc train tae werd zerc  zrcup the

zeros as follows:

| eee-cee-eec—0
. or

gee-ece-02e0

rather than -

”i pecoeeeeoe
5: or
Y
;i e-2-¢-2-0-¢-0-0-2-2
c. Adjust the microphone carefully, as

demonstrated ( see the picture).

€. Leave a distinct pause between wcerds. Ycu
must wait for the green RIADY light to come

¢n tefcre saying the next utterance.

(o

. Use the proper volume. Watch the meter;
the needle <hkould be in the &green area cr

just slightly 1in the red on the peak parts

of the word. Words trained in the lower

white or upper red will glive poorer results.

121
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Cnce you are corfortable with traiaing the TELZ, 1 will

ask yecu tc cperate the keytoard for the remainder of the

treining. I will remein nearby to provide assistance eés

required. Be sure to asx for help {f you have aagy

questions. Take breaks as you need them; & convenient place

to treak is every few rages.

Rk RERRRRRERREERE  Qperating the T622 356 323 o8 e 2 3 e 46 3ie e 3¢ 3j¢ o A e e Ae A

Te train a word - YOU TYPE T6¢¢ RESPCNSE

— o - - -—— - G — — — —— - -

CTRL-U wD#:
<word number> <word procmpt>

.e.2. 0 Z%RO

Once the current

of

Now you say the word or phrase 12 times.

rhrase disappears you are ready to go onto the pext word
CTRL-C and ccntinue as

the vocabulary. Again you type

vefore.

P e e




APPENDIA T
TYPING T&ST
THE SOVIET NAVAL AIR FORCE

FCR THZ YIRST TIME 1IN ITS HISTORY, TEE SCVIET NAVAL
AIR FORCE WILL BE PUTTING TC SEA #ITa ITS OWN AIRCRAFT
EMBARYFED ON TEE FIRST OF TEX NZW SOVIET AIRCRAFT CARPRIERS,
THE 41KV, WHICH HAD ALREATY BEGUM ITS WORKING-UP TRIALS IN
THE AUTUMN OF 1874. DISPLACING SOME 26,2€€ TONS WITE AN
OVZRALL LENGTH SLIGETLY IN ©BXCZSS OF 9¢¢ F¥ET, THE KIEV
IS PREZSUMZIT TO EMBARK 40-5¢ AIRCRAFT 1IN ALL, COMPRISING
A MIX CF HELICOPTERS AND FIXED-WING V/STCL AIRCRAFT
(TEE KIEV SEOWS NO SIGNS CF ARRESTER CABLES OFR LAUNCE
CATAPULTS.. TEE SUGGESTED VERSION OF THE STRIKE AND
RECCNNAISSANCE FIGETER TO BE EIMBARKELD ON THEE KIEV IS TEHE
YaK-36, A VERSION CF WHICH WAS TESTED ON THE AIRFIELDS NEAR
MOSCCW AND GIVEN SEA TRIALS ON THZ SOVIET HELICCPTER-
CARKIER MCSKVA. TEE YAK-Z6 UTILIZES VEICTCRED THRUST
AND DIRECT LIFT IN COMBINATION. SUCH AN AIR COMPLEMENT
MIGET BT BROKZIN DOWN INTC 3¢ KA-2% ASW HELICCPTERS AND
15-2¢ V/STCL FIXED-WING AIRCRAFT. HOW MANY OF THESE
CARRIERS WILL BE PROLDUCED ?

AT LEAST TWO CF THESE KIEV-CLASS AIRCRAFT CARRIERS ARF
CUZ TO ENTZR SERVICE, WITH THE POSSIBILITY CF THF SOVIET
NAVY PROTUCING A WEOLE CLASS OF SCME 6-& SEIPS, THERERY

P




FACILITATING CONTINUCUS DEPLCYMENT OF CNE VESSEL IN BCTH THE
FEDITERRANEAN ANT THE INDIAN OCEAN. TEE HELICOPTER
COMPLEMENT PROVIDES INTENSIVE ASW CAPABILITY INTO DISTANT
SZA AREAS (FOR DEFENSIVE ANT OFFENSIVE PURPOSES), AS WELL AS
FURNISHING AIRBCRNE TARGET GUIDANCE FOR SURFACE-TC SURFACE
ANTISHIP MISSLES. TEX V/STOL AIRCRAFT, WEILE PRCVIDING A
STRIKE CAPABILITY, MUST OBVIOUSLY INCREASE THE
RECONNAISSANCE COVERAGE OF THE SOVIET NAVAL AIR ARM IN AREAS
WHICH ARZ BEYOND THZ RANGE CF EXISTING LAND-BASED AIRCRAFT.
VEANWEILE, THE ARMAMENT CF TEE KIEV-CLASS SHEIPS IS ITSELF
SIGNIFICANT. IT CCNSISTS CF A TWIN LAUNCEFER FOR ASW
MISSLES, TWC 12-BARRELL MSU AS ROCKET LAUNCHERS, TWO SA-N-3
SAM TWIN LAUNCEERS, A NUMBER CF RETRACTABLE SA-N-4 SAM
LAUNCHERS, MULTIPIE 57-MM AAA MOUNTS AND SMALLER WEAPONS FOR
CLOSE~-IN PROTECTION AGAINST MISSLES ANT OTHER GUIDED
WITAPCNS.
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APPENDIX E
PRE/POST SUBJECTIVE CUESTIONNAIRE

Subjective Questicnnaire Nare:

INSTRUCTIONS @ Express your ¢feelings regarding typed data
entry and voice data entry. CIRCLE TEX NUMBEE which BEST
TCESCRIBES your orinion for each gquestion.

1. Which 1ata entry mcde do you think is the easiest to use
to enter character strings and commands?

Typed Neutral Voice
Zate Tata
Intry Entry
(= (= (= * = => =>
1 2 2 4 5 6 7

2. ¥hich data entry mode do you think is the fastest mode
?¢r entering character strings and coemmands?

Typed Neutral Voice
Data Tata
Entry Entry
{= {= <= * => => =>
1 2 3 4 5 € 7

Z. ¥hich data entry mode is the mecst accurate for entering
character strings and commeénds?

Tyred Neutral Voice

Data Data

Intry Entry

= <= <= * => => =>

1 2 3 4 8 € 4
125
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4. #hich data entry mode provides the most flexibilitr, in

cenerel, for interacticn with a corputer?

Tyred Neutral Veice
Date rata
Eatry Eatry
= (= (= * =5 =) =>
1 2 3 4 g 6 7
c. ¥hich data entry mode would you rrefer to orerate for
several hours, 12 reguired?
Ty ped Neutral VYoice
Data Data
Entry Entry
(= <= {= % => => :>
1 2 3 4 5 € 7

8. ¥*hich data eatry mode would you prefer tc operate as a

more sporadic user of & computer system?

Tyred Neutral Voice

Pata Data

Tntry Entry

{= (= <{= % =) => =>

1 2 2 4 £ € 4

7. Whick data entry mode Gypromotes the most relaxed
operation?

Typed Neutral Volce

Data Data

Entry Eatry
(= (= (= * => = =>

(o 2 BV 4

1 2 S 4 5

7




5o 5

. AERNERUNONRRINS 7Tl o4

W,

L restianie s sl e b e

L]

e i e

g Which data entry mode would bte the rost advaeantazeous to

Eée to update an on-line data tase c? intelligence

information?

Tyred Neutral Voice
Tata Data
Intry Entry
= (= (= -3 =) => =>
1 2 3 4 s € 7

9. ¥hick date

entry mode provides the best man-machine

interface in a time-critical, high-pressure vork
envircnment?

Typed Nevtral Voice
Data Data
Entry Entry
{= {= = ¥ => =) =>
1 2 3 4 5 6 7

1z. ¥hich data
learn?

eatry mode do jyou

think is the easiest to

Ty ped Neutral Voice
Lata . Data
Intry Entry
<= <= <= * => => =>
1 2 ] 4 g 6 7
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APPENDIX F
SUBJECT DATA SEEET

Subject Data Sheet Date: ___ ___
Name: . e Age:___
Service: _____ o __ Rank/Grade:___________________
Job/Specialty Descrivotion (last job / mext jet) ___________

e o e - o ——

Prior to this experiment what has been ycur experience with
voice data entry systems ? Ckeck one Oor more.

a. I have used a voice data entry system.

_____ t. I Lave seen a vcice data entry system demcnstrated.
c. I have studied voice data entry systems (class,
report, thesis, etc.)

d. I have no experience with voice data entry systems.

12 you checked a. above, circle the term that best describes
your experience and skill with voice date erntry.

Ixperience - Skill-
Cornsiderabdle digh
Moderate Average
Minimal Novice

35 §+3 -5 § B S

If you checked c¢. above, please briefly state the extent
of your studies.

- S A s B S s o T D — T o —— — —— — — . . P T s — - —— Y - - ———

128

R 4 et

P s——o




APPENDIX G
INSTRUCTIONS BRIXZFZID TO SURJECTS
TYPING MCDE

] 1. During this portion ¢f the experiment ycu will view 12
& cards and use the ADM terminal to write a report on each
y card similar to the one you sew in the sarple (or other
' portion of the experiment). I will stcp you after every
four cards. Tkis will gzive you a break and allow me to
collect some deta.

4 <. You will be wusing a text editor at the ISIE hest
comriuter. The edit keys discussed during training which may
k: te used are shown cn the card at the terrmiral. You may edit
errors only if you are on the line with the errer ina 1it,
i.e. if you notice an error on the previous line, do not
¥ attempt tc correct it. However, I will demonstrate hew you
& may void tke previous line if you wish to do it over.

4 2. Pencil and parer are provided if you want to use them to
X take notes as yocu lock in the viewpert.

4. Now practice on this cerd.

5. <critique the repcrt>

€. TYcu are to g0 as fast as you <can vwhile +trying to
rinimize errors. Keep in mind you are writing an

intelligence report which shoull te timely, accurate, and
complete. Questions?

7. Ck, start.

BN/ A

€. <Trial #1>

3. Ok, stop. Rest & moment, then you will do four more.

ieg. Ck, start.

11. <Trial #2>
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12,
you

13.
14.

15.
et

Ok, <tecp. Rest a mcment,
will type for the exreriment.

Ckz, start.

<Triecl #3>

Stor. You deserve a break.

Relax a

up anéd move arcund, get a drirnk,

132
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this is the last set of fcur
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VCICE-UNZUFFEZRED MCDE

1. Zurire this portion of the experiment you will view 1z
cards, ana use the T6¢¢ in unbuffered mcde to write a rerert
®¢cr each card like the one you s&éw ip the samrle (cr other
part of the experiment). 1 will stop you after every four
cards. This will save you a break ard allow me 1to collect
csome lata.

<. Tte TEZ2 unbuffered mode allows you to <end the output
corresponding to an utterance imrediately to the host
cemputer. So fcr example, wnen ycu say CCNFIRMED, it is
sent immediaetely to the computer, and in this case, becomes
@ rart of the text ia the text editor at the ISIZ corruter.
Ycu may edit your input as long as ycu are cn the line that
has the error using the edit commands you trained. A list
of tae edit commands you use is provided for you here, along
with 2 list of tkhe vccabulary as reference material.

E. If ycu look in the viewrort at this time, you will see
that the three bcttom lines of tne TEQZ display may be seen.
These will provide a visual feedback of the text editor
contents, ard allow you to view the editing rrocess as well
as the card.

4. HNow practice using the sample card provided.

5. <critique the rerort>

€. You are to =20 as fast as you cen while trying tc
micimize errors. Keep in mind you are writing an
intelligzence report which should be timely, accurate, and
complete. Guestions?

7. Ck, start.

&. <Trial #1>

9. Ok, stcp. Rest a moment, then you will do four more.
12. 0Ok, start.

11. <Trial #2>
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Rect a mement, this will te ycur last set cf

12. Cix, stop.
the vabuffered mode pért of the

four to enter for
exrerirent.
13. Ck, start.

14. <Trial #3>

15, Stop. You deserve a break. Relax a while. TYou mray
get up and move around, get a drink, etc.
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VCICEZ-RUFFERZD MCZE

1. Turing this rortioa of the exrerirent you will view 12
cards, and vse tne TEZZ in buffered mode tc write a revport
for eech «card like the one you saw ir the sample (or other
rart of the exper- iment). I will step you after every four
cards. This will give ycu a break and allcw me to ccllect
some data.

2. The TE¢C¢ Dvufferea rode allows you t0 syreak a chain of
phreses pricr to sendinz them tc the acst computer. Ycu may
edit the last utterance in the tuffer by sayire " kill 1lire

¢cr its equivalent fer your vocabulery. If you rake several
errers, the ectire tuffer may be erased with the command
'kill line.” Once you are ready to send the contents of tke
buffer, you say go or carriage return, whichever you
trained, and thne character strirg will be sernt tc the text
editor at ISIE. Eowever, you will not be sble to wuse the
editing features of the text editor at ISIE while in the
buffered mcde. I will demonstrate the tuffered mcde fcr ycu
now.

2. If you look imn the viewrort at this time, you will see
that the three bcttom lines of tne Té@Z display may be seen,
These will provide a visual feedback of the bduffer contents,
and allow you to view the editing rrocess as well as the
card.

4. MNow prectice using the sample card provided.

5. <critique the report>

€. Ycu ere to 2o as fast as yocu can whkile 1trying to
minimize errors. Keer in mind youv are writing an
intellizerce repcrt which should be timely, accurate, and
complete. (Cuestions?

7. Ok, start.

£. «Trial #1>

9. Ck, stop. Rest & momeant, then you will 40 four more.
lg. Ok, start.

11. <Trial #2>
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1z. (Cx, stor. 3dest a rorent, tnis will e your last set cf
fcur t¢ enter fcr the tuffered wcie part of tne exreriment,

13. Ck, start.

1l¢. <dTrial #3.

15. Stop. You decserve e break. Relex 2 while. You may
set ur aind move around, get a drink, etc.
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BY UTTZRANCE
TET FOLLOWING
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* UTTRRANCE *
i e e 20 38 3¢ e 40 e e ae e 3¢

122-MV

122-MM

182-MM

gEE-MM

AA GUNS

AA GUNS

AL GUNS
AIRCRAFT
AIRCRAFT
AIRCRATRT
AMPHIBIOQUS
AN-€ CAMP
ANTI-TANK GUNS
ANTI-TANK GUNS
ANTI-TANK GUNS
ASSAULT GUNS
ASSAULT GUNS
ASU-57

AT-1 SNAPPEIR
AT-2 SAGGER
BM-21

BEM=~-24

BMP-7SPB

EQATS

APPENDIX

VOCABULARY WCRIS MISRECOGNI OR RZJECTIC

THE FOLLOWIANG LIST IS IN ASCENDING CCLLATING SEIQUENCE

MISRICOGNITON. THE MISREZCOGNITICONS HAVE

UTTEEANCE ASSOCIATEL WITH
MISRECOZNITION
SPECIFIC TECE¢ OUTPUT,
TEAN A ABOVE;
TEAT A NUMERAL WaS OUTPUT RATHIR
TEAN THE WORD "TWC
NUMBER OF OCCURENCES

T, IF DIFFERENT
£.G. 2)

3 3¢ 5 %0 36 A e o e e e Ae e e ol Aok ok A e ke

MISRECOGNITICON(S)
3k 26 26 36 e ok 38 38 3ix he 3¢ 3k e e sie o o 38 A ke e ok

1gg-m+ £
152-MM X
122-MM X

m ;N

AN-8 CAMP X
ANTI-TANK GUNS )
YAK-28P FIREEBAR
ANTI-TANK GUNS

TU-26 BACKTIRE
FRIGATES X 3

AMPHEIBICUS
AN-& CAMP X 4
BEEP* X €
BEEIP* ¥ 1€

AT-3 SAGGER

BTR-6¢PK
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%* UTTERANCE * ¥ MISRICOGNITICN(S) *
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ZOMEEPS ALPEA (4]

2OMEXRS BEEP* X 7

BCMEERS 1L-14 CRATE X 2

EOMEERS LAUNCEERS

ERAVO TRIGATEI

BRAVO CLASS GOLF I CLASS ;
BRAVGC CLASS KOMAR CLASS X 2 ,
ERAVC CLASS KOTLIN CLASS X 2 j
ERDM TCRPEDC :
BRIM YANKEE :
BTR-152 NINETEEN (19) ;
BTR~5CPK BTR-6CPK X 4 !
RTR-5¢PX -z

XTR~EZ P BTE-S¢Pn X C

CARRIAGE RETURN AN-8& CAMP X 4

CARRIAGE RETURN EEIP* X =2 ‘
CARRIAGE RETURN BRDM ;
CARRIAGZT 2IWTURN CARRIER Z 11

CAREIAGE RETURN FRIGATE X =

CARRIAGT RETURN FRIGATES

CARRIAGE RTTURN AZAVY X 3

CARRIAGE RETURN SSN

CARRIAGE RETUAN VICTOR (V)

CARRIAGZ RFTURN ARAY (X) ;
CARPIAGE RETURN YAK-Z2€P FIREEAR X 2

CARRIAGE RETURN 75U-23/4

CHAPLIE I CLASS FOXTROT CIASS

CEAFLIE 1 CLASS KOTLIN CLASS

CHARLIZ 1 CLASS MIRKA I CLASS X 2

CONFIRMED AIRRBCRNE ]
CONFIRMED BEEP* X 148

CONFIRMED ROMEERS ;
CONFIRMED BRAVC (BR) X & 1
CONFIRMED BRIM ,
CONFIRMED ELEVEN (11) X € ]
CONFIRMED FIVE (5) X 7 :
CONFIRMED FOUR (4) :
CONFIRMED BEAVY X 4

CONFIRME KOTLIN CLASS

CONFIRMED LANDING 1
CONFIRMED LIMA (L) X &

CONFIRMED MI-4 HOUND X S

CONFIEMED MIKE (M) X 2

CONFIRMED NINE (9)

CONFIRMED NOVEMBER (N) X 2

CONFIEMED SA-8& GECKO

CONFIRMED SEIVEN (7) X 2
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* UTTERANCE *
sede e Xe s R de e AR e R e

CONFIRMED
CONFIRMED
CCNTIAMED
CONFIRMED
CONFIRMED
CCNFIRMID
CONEIRMED
CONEFIRMED
CONFIRMED
CRUISERS
=3¢

D-44

DASH

CASE

DILETE LINET
DELETE WCRD
CELETE WORTD
DILTA CLASS
PELTA II CLASS
TCEC 1 CLASS
ECEC Il CLASS
ICHC II CLASS
ECEC II CLASS
EIGHT

ZIGHT

EIGET

TIGET

ZIGHT

SIGET

zIGET

EIGET

TIGET

EIGET

EIGET

EIGET

LIGET

TIGHT

ELEVEN
SLZVEN
ELEVEN
ELEVEN
ELEVEN
ELEVEN
ELEVEN

IRASE

FIELD GUNS
FIZLL GUNS

33 3¢ 3§ 3% ol 3 %K 2 e %e % e e oz e e ek e Ne e e

% MISRECCGMNITICN(S) =
36 368 %e 3k 208 %6 e e A A Ae Ks o e Keale e e de sl

TEN (12)

TWELVE (12) X 7
TWINTY (22)
THENTY-FIVE (25)
TWENTY-ONE (1)
CNITFCRM (U)

UPPER RIGEHT

LRAY (K; X €
Z5U-22/4
TWEINTY-THREE (23)
D-74

TWENTY-FOUR (24¢)
QUEREC (Q)

TEN (12)

LIma (L)

DELETE LINT (CTRL X)
TWENTY-THREE (23}
KCTLIN CLASS X 2
GOLF II CLASS X 2
PETYA I CLASS X ¢
DELTA II1 CLASS X 2
PETYA II CLASS
SHERSEEN CLASS

AA GUMNS X 4
AMPHIBICUS

AN-2 CAMP X 3

APC

ASU-85

BEEP* X 4
TIGHTEEN (18) X &
FIFTEEN (15)

FOUR (4) X &
HEAVY X &

KA-15 HEN X 14
MEDIUM

SA-& GECKOC

YANKEE (Y) X 7
BEEP* X &

D-2¢

FIVE (5) X 2

FOUR (4)

CNE (1) X 3

UPPER LEFT

UPPER RIGHT

ZIGHT (&)

BEEP* X 2

JULIETT X 2
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FIELT GUNS
TIZID ZOWITZZRS
F1TLD HOWITZERS
FITLD ECWITZEERS
“IFTEEN

FIFTREN

FIGETER
FIGETER-BOMBERS
FIGRTER-BOMBERS
FIGETER-BOMBERS
FIVE

FIVE

FIVE

FIVE

FIVE

FORTY

*CUR

¥OUR

FOUR

FOUR

FRIGATE
FRIGATES
FRIGATES
FRIGATES

FROG-3

FROG-3

FROG-4

GO

GO

GO

GO

GO

50

GO

GOLF I CLASS
GRISEA CLASS
GRISEA CTLASS
GRISHA CLASS
HEAVY
EELICOPTERS
HELICOPTERS
EELICOPTERS
EELICOPTERS
BOTEL III CLASS
IL-14¢ CRATE
INSTALLATION
INSTALLATION

g % %6 2 246 3 36 2k 2 3K 2 3% 2 3 3 ek e Xe vk ke

#* MISRECCGNITICN(S) *
e o e ke e ek ek o e o ok sk kK oK

T-1¢

REZP* X &
BXIICOPTERS X 4
INTELLIGENCE
EIGHTEEN (18)
THIRTEEN (13) X 5
FRIGATES

ROCKET LAUNCEERS
BEEP* X 3
TWENTY-ONE (21)
AN—-8 CAMP

BEEP* X 2

)
PAPA (P)
QUEBEC (
TEREE (3
BEEP* X
FRCG -4
LOWER RIGET X 4
MOBILE

IL-78 MAY

BEEP*

FRIGATE

SHEZRSHEN CLASS
BEZp*

D-29

PRCBABLE

BEEP* X 24

BRAVO (B) X 2
DELTA (D)

ECEC (E) X 3

GOLF (&)

TWELVE (12)

ZZRO (@)

0SA 1 CLASS

KYNDA CLASS

RIGA CLASS

VICTOR CLASS

SCUD B

BEEP* X &

BRAVO (B)

FOXTROT (F)

M1-4 EQUND

HOTEL II CLASS X 3
MI-24 HIND

BEEP* £ 3

S-60

b4 M

2
~

)
3
/
T
(v}
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* UTTERANCE
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INTELLIGENCE
INTERCEPTORS
INTZRCEPTORS
JULIXT CLASS
XA-1€ HOG
KANIN CLASS
KANIN CLASS
LANIN CLASS
KANIN CLASS
KANIN CLASS
KANIN CLASS
KARA CLASS
KARA CLASS
KARA CLASS
KARA CLASS
KARA CLASS
KASHIN CLASS
KASEIN CLASS
KASHIN CLASS
KASEIN CLASS
KASEIN CLASS
KASHIN CLASS
{IEV CLASS
KIZV CLASS
KIZV CLASS
AIZV CLASS
KIEV CLASS
KIZV CLASS
KIZV CLASS
KILL LINE
EILL LINE
KILL LINZ
FILL LINE
EILL LINZ
XILL LINE
XILL WORTD
KILL WCRD
KILI WORD
KILL WORL
KCMAR CLASS
KCMAR CLASS
KOTLIN CLASS
KCTLIN CLASS
KOTLIN CLASS
KOTLIN CLASS
KOTLIN CLASS
XOTLIN CLASS

FE X8 A0 AL A0 ARG A 34 3¢ 4 32 2x 2¢ e K e % xe e 38
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¥
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BEEP* X €

BEZP* X 2
EELICOPTERS X 6
YURKA CLASS
EIGHT (8)
CARFIER

XASHIN CLASS X
KIEZV CLASS
XYNTCA CLASS i
SHIRSHEN CLASS :
YANKEE CLASS X
KANIN CLASS
KOMAR CLASS
KOTLIN CLASS X 3
STENKA CLASS

YURKA CLASS X 2
JULIET CLASS X 8
CANIN CLASS

KOTLIN CLASS

NATYA CLASS X 2
SHERSEEN CLASS X 2
YANKEE CLASS
AIRCRAFT

JULIET CLASS

KANIN CLASS

KARA CLASS

KYNDA CLASS X ¢
SHTRSHEN CLASS
STENKA CLASS X 6
CHARLIE (C) X €
DELETE (CTRL X)
KANIN CLASS X 2
KOTLIN CLASS

M-44

¢I-4 HOUND

BEEP* X &

PIELD HOWITZERS
KILL LINE X 2
SEVEN (7!

KARA CLASS X 2
MIRKA 1 CLASS
BRAVO CLASS
CHARLIE II CLASS
DELTA CLASS

KASEIN CLASS

KCMAR CLASS X 2
MOSKVA CLASS

€A

O »<
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KOTLIN
¥OTLIN
XOTLIN
KRESTA
ERESTA
¥REISTA
RAZSTA
TRESTA
XRZSTA
KRIVAK
YRIVAK
KRIVAK
KRIVAK
XYND2
KYNDA
KYNDA
KYNDA
LANDIN
LAUNCH
LIGET
LIGET
LIGHT
LIGET
LIGET
LIGHT
LOWER
LOWIR
I0W=R
LOWER
LOWER
LOWER
LOWER
LOWZR
LOWER
LOWER
LOWER
IOWZER
LOWER
LOWER
LOWER
LOWER
LOWER
LOWER

M-1955
M-1GEE

M=-1985
M-197€

oo s A o
DANCE *
R A KA

CLASS
CLASS
CLASS
I CLASS
1 CLASS
1 CLASS
1 CLASS
I1 CLASS
IT CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS

CLASS

G

ERS

LEFT
LEFT
LEFT
LIFT
LEFT
LEFT
LEF
LEFT
LEFT
LEFT
RIGHT
RIGHT
RIGFT
RIGHT
RIGHT
RIGET
RIGHT
RIGHT

3¢ e 26 0= 38 %8 % 2 e A% %8 306 W ok Aok Ak ok Ae ok ok

* MISRECCGNITICN(S) *
e el e e 4 el e e SR s R

POLNGCNY CLA&SS
POTI CLASS

UPPER LEFT
CHARLIT I CLASS
ECEQ I CLASS

0SA T CLaSS X 4
RIGA CLASS
NANUCEXKA CLASS
0SA I1 CLASS
KANIM CLASS

KARA CLASS X 2
KOTLIN CLASS
KYNDA CLASS
KANIN CLASS X €
NATYA CLASS

RIGA CLASS
STENKA CLASS X 7
EEEP*®

MORTARS X 6
REEP* X 2

FIVE (5)

LOWER RIGHT X 2
MIKE (M) X 4
ONE (1)
TWENTY (2¢) X
BEEP* 1 13
BTR-%2PK
CORVETTES X 2
KOTLIN CLASS
LIGHET

LOWER RIGET X ©
MOEILE X 3
THREIE (3)
TWENTY-ONE (21)
UPPER LEFT X &
BEIP*

CONFIRMED

LIGET

LOWER LEFT

ONE (1) X 3
SEVEN (7)
SEVENTEEN (17)
UPPEZR RIGHT X &
ASU-85

BEEP* X 2

SU~15 FLAGCN
PT~76

[¢]
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g et e e de sk e e e 3%

M-240

V=4 BISON

~*~4 BISON

M-4 BISON

M-ds

M-49

V=46

MEIDIUM

MI-1¢ HARKE
#1-1@0 HARKE
MI-12 HOMER
MIG-15 FARMER
M1G-21 FISHBZD
MIG-21 FISHERZID
M1G-23 FLCGGZIR
MIG-2€ FOXBAT
MIG-2ER TFTOXEAT
MIG=-25R FOXBAT
MIRKA 1 CLASS
MIRKA I CLASS
tIRKA II CLASS
MIR¥A II CLASS
MIRKA II CLASS
MIRKA II CLASS
MIRKA II CLASS
MISSILE

MOBILE

¥OBILE

MOBILE

MOBILE

MORTARS

MOSKVA CLASS
MOSKVA CLASS
MOSKVA CLASS
MOSKVA CLASS
NANUCHKA CLASS
NANUCEKA CLASS
NANUCEKA CLASS
NANUCHKA CLASS
NANUCEEKA CLASS
NANUCEKA CLASS
NATYA CLASS
NATYA CLASS
NATYA CLASS
NATYA CLASS
NATYA CLASS
NATYA CLASS

36 346 330 8 e e 38 3R ek ¢ A6 e e He e sieade ek e

* MISRECOGNITION(S) *
s %0t e e o o o e e e e e e e e e ok 3¢

BEZP*
REIEpP* [
CHARIIZ I CLASS 1
MI-6 EOQOK f
TWENTY-FOUR (24) X 2
M=-1955 )
TWENTY-FIVZ (25) f|
BIED* 4
MI-24 HIND X 3
MI-€ EIP

MIG-1S FARMER

RIGA CLASS

I1L-14 CRATE

MIG=-27 FLOGGER
KA-25 JORMONE
MIG-zE5R FOXBAT X 2
KA-2% HORMONT 1
MIG-25 FOXBAT X 3 1
ECEC 11 CLASS
PETYA I CLASS ! ]
CHARLIE II CIASS X 2 |
TELTA II CLASS .
KANIN CLASS
KOTLIN CLASS X 2
FOLNOCNY CLASS
TWELVE (12)
BEZP* X 3

BRAVO X <

HOTEL (H)
PROBABLE X 6
LAUNCEERS

BEEP* X 2

GOLF I CLASS X 2
NATYA CLASS
PCLNOCNY CLASS X
XOTLIN-SAM CIASS
KYNDA CLASS
SHFRSHEN CLASS :
STENKA CLASS X 2 1
YANXEE CLASS :
YURXA CLASS

ALLIGATOR CLASS X 2

BEEP* 3
XANIN CLASS X Z i
KASHIN CLASS X 2

KOTLIN CLASS

KYNCA CLASS

tn
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* UTTIRANCE *
EE P P 2

NATYA CLASS
MINZ

NINE

NINE

NINE

NINE

NINZ

NINETEEN
NINETTEN
NINETEEN

CNZ

ONE

CNE

CNE

CNZ

ONE

CNE

CSA I CLASS
CSA 11 CLASS
PETYA I CLASS
PETYA I CLASS
PETYA II CLASS
PZTYA II CIASS
PETYA I1 CLASS
PETYA II CLASS
POLNOCNY CLASS
POLNOCNY CLASS
POLNCCNY CLASS
POLNOCNY CIASS
FCLNOCNY CLASS
PCLNCCNY CLASS
POLNOCNY CLASS
POSSIBLE

POTI CLASS
POTI CLASS
POTI CLASS
PCTI CLASS
POTI CLASS
PRIMORYZ CLASS
PRIMORYE CLASS
PRIMORYE CLASS
FROBAELE
PROBAELZ
PRCBABLE
PRCBABLE
FRCBARBLE
PROBALBLZ

%3 348 o6 3% 6 32 4 K 36 3 e 3 R RN XA A e Ao Ae g

* MISRECCGNITICN(S) *
32 2 o e e Ak e e 2k oK e ol e ole A< e Kg YR sk s e

PCTI CLASS

BIEP* X 2

FIVE (8) X 5
LIGHT

MI-& HIP

MIKE (M)

TWENTY (22) X €
TIGHTEZIN

MIKE (M)
THIRTIEN (13)
BZEP* X 4

FIVE (5) X 7
FOUR (&)
FOURTEEZN (14) X 2
LIGET X 2

M=-44

UPPER RIGHT
MIREA I CLESS
KRESTA II CLASS X 2
NANUCHXA CLASS
YANKEE CLASS
ECHO I1 CLASS
HCTEL 11 CLASS
KASFIN CLASS
SHERSEEN CLASS
ALLIGATOR CLASS
BEEP* X 2

ZCHC II CLASS
EOTSL I1 CTLASS
EOTEL III CLASS
KOTLIN CLASS
MOSKVA CLASS
BEEP*

KANIN CLA4SS
XOTLIN CLASS X 2
MOSKVA CLASS X &
ROMEO CLASS
WHISKEY CLASS X 2
ECEO I CLASS
MIRKA 1 CLASS
MIRKA 11 CLASS
BEEP*

FRAVO (B) X 7
MOBILE X 3
POSSIBLE

TORPEDO
TWEINTY-FCUR (24)
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Aol s e Ao R A A

RECONNAISSANCE
PECCNNAISSANCE
RICCNNAISSANCE
RECCONNAISSANCE
RIPEAT LINE
REPEAT LINE
REPEAT LINE
SEPEAT LINE
RETURN

RETURN

RETURN

RETURN

RETURN

RIGA CLASS
RIGA CLASS
ROMEQ CLASS
S-€¢

S-6¢

SEVEN

SEVEN

SEVEN

SEVEN

SEVEN

SEVEN

SEVEN

SEVEN

SZIVEN
SEVENTEEN
SHERSEEN CLASS
SHIPS

S1X

SIX

SIX

SIX

SIX

SIX

SIX

SIX

SIXTEEN
SIXTEEN

SPACE

SPACE

SPACE

SPACE

SPACE

SS

SS

30 %0 2 33 e 3l 20 6 e e 34 e %e 00 o6 3% 3% a8 38 0ig ok K

* MISRECOGNITION(S) *
e e e el e i e e e e e ok Sk R

HEEP* X 4

CRUISERS

GRISHA CLASS
INTELLIGENCE X 2
CARRIAGE RETURN (CTRL M)
D-20
M=24 0
THREE (3)
BEEF* X 4
CONFIRMED X
ELEVEN (11,
SEVEN (7) X 2
TEN (1¢) X 2
GRISHA CLASS X &
VICTOR CLASS X 3
POLNGCNY CLASS
SS-16

SSG X 2

ASSAULT GUNS
BEEP* X 3

ELEVEN

FIVE (5)

SCUD A X 11
SEVENTEEN (17)
SIZRA (S) X 2
WEISKEY CLASS
ZSU-§7/2

SCUD A X 3

KANIN CLASS X 4
SIX (86) X 2
BEEP*

DESTROYERS X 3
FRIGATES

INDIA (I)

SCUD B

SHIPS X 9

SPACE ( ) X 22
T-72

BEEP*

FIFTEEN (15) X 4
AMPHIRIOUS X3
BACKSPACE (CTRL &)
FRIGATES X 2
SHIPS

T-12

SSGN

SSM

(&)
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SS-14 SCAPZGOAT
S5-z2

SSB

SSEN

SSBA

SSG

SSG

SSGN

SSGN

SSGN

SSGN

SSGN

SSM

SS¥

SSh

STINEA CLASS
STZINKA CLASS
STENKA CLASS
STENXA CLASS
STEZINKA CLASS
STINKA CLASS
STRIKE/ATTACK
STRIKE/ATTACK
STRIKE/ATTACK
SU-1S FLAGON
SU-19 FENCER
SU~-AS FISHPOT
SYIRDLOV
SVERDLOV CLASS
SVERDLOV CLASS
SVERDLOV CLASS
SVERTLOV CLASS
1-34/85
T-34/55
T-34/55
T-34/85
T-34/85
T-£4/£8
T-54/55
T-54/€5
T-84/2¢

T-62

TANGO

TANGC CLASS
TANKS

TANKS

TANKS

e 348338 30 i 3t 20 30 500 03 7 o K oA e K Ko K o

* MISRECOGNITION(S) *
3 30 e e e o o o e 4o e o oK

SA-E€ GECX0 X 23
SSE

SSG X 6

SSBE X 5

SSGN % 12

SSE X 2

SSGN

CHARLIZ I CLASS
SSEN X 31

SSG

SSM

SSN X &

SA-6 GAINFUL
SSN X 22

SS™

JULIET CLASS
KANIN CLASS
KYNDA CLASS
NATYA CLASS X %
SEZRSHEN CLASS
VICTCR CLASS X 2
AN-E CAMP

REZIP* X 2
M=-1955

IL-3& MAY

SS-16

BEIEP*

BEEP*

OSA I CLASS X 2
POLNCCNY CLASS
STEN¥KA CLASS X 2
YUEKA II CLASS
ASU-85

M=-1955 X 2
MIG-21 TISERED
T-54/55

TU-26 BACKFIRE X 3
REEP* X 2
BMP-76PB

I-44

T-34/85 X 22
TU-16 BADGER
NINE (9)

NATYA CLASS
BEEP*

BEEP* X 2

HEAVY
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TANKS

TANLS

TN

TEN
THIRTEEN
TEREE

THREE

THREE

THREE

THREE

THRTE

TEREE

THREE

THREX

TEREE

TU-22 ELINDZR
TU-2& BEAGLZ
TU-22P FIDLLER
TWELVZ
TWELVE
TWENTY
TWENTY
TWENTY
TWENTY
TWENTY
TWENTY
TWENTY
TWENTY
TWEINTY-FOUR
TWENTY-ONE
TWENTY-ONZ
TWENTY-THREE
TWENTY-TWO
LOWER LEFT
TWENTY-TWO
WO

w0

T%0

Two

90

™0

Iwo

Two

e

Iwo

We

w0
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* MISKICCGNITION(S; *
38 3% ) 38 %E 3% % A% 3 vk A Ak Fe A 38 ek ok kAR Kok

NINETEZMN (19)
TWENTY (22)

BEEP*

ILEVEN (11)
FIFTEEN (15)
CARRIER

FCURTEEN (14) X 2
FRIGATE X &
FROG-3
HEAVY X 2
MI-8 H1P
THIRTEEN (
TWENTY (22
™0 (2)
YEISKEY (W)

TU-22 REAR

1L-14 CRATE X 2
MIG-23 FLOGGER

BEIP*

GOLF

BEEP* X 4

-3¢

FOURTEZIN (14,

LIGRT

MIKE (M)

NINETEZN (19)

ONT (1}

UPPER RIGET
TWENTY-CNT (21)
BEIP* X 2
TWENTY-FOUR (24) X 2
FROG-3

BEEP* X 2

LOWER RIGHT X ©
TWENTY-THREE

BEEP* X 12
BTR-152
EIGET (&)
FIFTEEN (1
FOUR (&) X
FRIGATE
HEAVY
LIGHT
MEIDIUM X 4
T-1¢

T-€2

T-72

LB I
-,
)

5)
2
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* JTTERANCE *
e e e e ol X R e e o X3

TwC

Twe

Two

TwC

iwo

Two

w0

GNIFORM
UPPYR LEFT
UPPER LEFT
UPPER LEFT
CPPER LEFT
UPPER LEFT
UPPER LEFT
UPPER LI¥*T
UPPER RIGHT
UPPER RIGHT
UPPER RIGET
UPPZR RIGHT
UPPER RIGHT
VICTOR
VICTOR
VICTOR
VICIOR
VICTOR
VICTOR
VICTOR
VICTOR
VICTOR
VICTCR
VICTOR
VICTOR
VICTCR
VICTOR
VICTOR
VICTCR CLASS
VICTCR CLASS
VICTCR CLASS
VICTOR CLASS
VICTOR CLASS
WEISKEY CLASS
YAK-28P FIREBAR
YAL-26P FIRZBAR
YANKEE CLASS
YURKA CLASS
YURKA CLASS
YURKA CLASS

10 3% 32 3 AR xR X 2K e e e e Ke sk kA Rk g e

# MISRECCGNITICN(S) *
% 38 ¢ 30 3l e e 3e X< e 38 % 3% % e ik 3 A % e 1E K¢

TEIN (1¢2) X &
THEEY (3, X €
TU-22 BLINDER
TWENTY-TWO (22) X S
YAK-2SP FIREBAR
ZSU-87/2 X 12
2U-22/2 X &

BRIM

BEEP* X Z1

BRAVO CLASS X 3
EIGHETEEZN (1€&;
ELEVEN (11)
KOTLIN CLASS X 3
LOWER LEFT X &
UPPER RIGHT X &
REEP* X §

LIGHT

LOWER LEFT X 4
LOWER RIGHT X 9O
UPPER LEFT X 7
BiFP* X 17
CARRIAGE RITURN
CARRIER X 2

L-20

FPIFTEEN (15) X 2
FRIGATE X 2
EEAVY

INDIA (I) X 2
M-1955

NOVEMBER (N)
QUEBEC (Q) X 2
SA-& GECKO

THREE (3) X 2
TU-2¢ BEAR
WHISKEY

BREP*

KARA CLASS

KYNDA CLASS X 2
MIRKA II CLASS
NANUCHKA CLASS
KANIN CLASS
MIG-19 FARMER
TU-28P FIDDL3R
KANIN CLASS X 4
KYNDA CLASS
PRIMORYE CLASS
VICTOR CLASS X 3
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Z8U-57/2
sU-g7/2
Zsu-57/2
JU-2d/2
eU-23/2
ZU-23/2

2 e o o 38 240 38 e o e ek 3 A3 e A0 ok e 3w e e
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APPENDIX 1

RESULTS FOR PRE/POST SUBJZCTIVE QUESTIONNAIRE

The following data reflect whether subjects’ attitudes
snifted either toward typing or vcice as a result c¢f the
experiment. A two—-tailed sizn test was vsed. Note: Meens
for the pre/zost given bvelow may bte misleading if thought to
te indicative of tze shift. Thne sigr test looks at the fact
of whether their was & shift or not, and ignores the eé&mount
of shift in the analysis, since the amount ray bHe somewhat
arbitrary.

CUESTIONS and SEIFIS SEIFTS

PRE / POST MEANS toward toward MO o« =.1¢2
for 2¢ subjects. TYPING VOICE SHIFT Stignif?
1. Wwhich data entry mode 3 12 g YFS
d0 you thiak 1is tke

easiest to use to enter

character strings and

commands? (5.1/6.1)

2. Which data entry mode 3 13 4 YES
do ycu think is the

fastest mode for entering

character strings and

commands? (5.1/5.6;

3. Which data entry mode 4 9 7 NO
is the most accurate fcor

entering character

strings and commands?

(4.1/4.8)

4. Which data entry mcie & 12 4 Y=S
provides the most

flexibility, 1in general,

for interacticn with a

computer? (5.1/5.1)

5. V¥hich data entry mode 3 8 9 NC
would you prefer tc

operate for several

hours, if required?

(4.3/4.3)

14€

T it Pl SO VR \S ¥ e - L.
” Falo Lt e e e et SE ]



e e
B

-

A - e B
e Ll B e v B —a

<UESTIONS and
PRE / PCST MEANS
fer 22 subjects.,

€., Which data entry mode
would you orefer to
orerate as a more
speradic user o? a
computer system?
(4.2/4.3)

7. Which data entry mecde
promotes the most relaxed
operation? (£.9,5.1)

2. Which d1ata entry mcde
would be the most
advantageous to use to
update arn on-line data
base of intelligence
inforrmation? (%.1/5.2)

9. VWnich 1ata entry mode
provides the best
ran-rachline interface 1in
a time-critical, high
rressure WOTK
eavironmrent? (£.2/%5.2)

19. whicn data entry
mode do youv think is the
easiest to to learn?
(4.9/5.6)

SHIFTS
toward
TYPING

SEIFIS
toward NO o =.19
VOICE SHAIFT Siznif?

i
>

1z 7 YES




2 - P e o o et s A5 el ey

LIST CF RERERELCES

: 1. Lea, W. A., Trends in Sreech Recognition, Prentice-Eall
1 Inc., p. E8-E9, 18€&¢.

| Z. Naval Postgradvate School Report NPS-EE-EQ-Z1€E, 3
Experiments with Voice Iarut for Corrané aand Control, «

by G.X.Poock, April 1S&e.

X 2. lawsonm, J. S., 'Naval Tactical C3 Architecture 1985~
1965, Signal, p. 72-7%, August 1S7€.

4. Lea, or. cit., p. 3.

O y
s - —

» 5. Rcme Air Development Center Briefing, "D0OD Automated
g Exploitation System, February 19€1.
¥
5., Itid.
i 7. Lea, op. cit., p. 20-33. |

€. Lea, op. cit., p. 4€C.
9. Lea, op. cit., p. <4.
12. lea, op. cit., p. 92. ¥
11. Lea, cp. cit., p. 4-7.
12. Reek, B., Neuberg, E.P. and Hodge, D.C., "An Assessment
of the Technology of Autoratic Sreech FRecogaition for

X Military Applications,” IFEE Transactions Accustics,
H Speech, and Signal Processing, ASSP-2%, Number 4, p.

31e¢-222, 1977,

)
13. Reme Alr Development Center Report RADC-TR-E@-2206, TLLMS
Voice Data JFntry, by Phillips B. Scott, Threskold

Technology Ianc., June 198@.
? 14. Rome Air Development Center Report RALC-TR-78-209, Word

Recognjtion, by Phillips B. Scott, Threshold
Technology Inc., September 1978.

it AT Y 9

!
)
4




12. PRore Air Develorrment Center Rerort RADC-TR-77-1E&4,
Alcha/Numeric  Txtracticn  Techniave Phnase II, by
hillips B. Scott, Threshold Technology 1Inc., May

1677,

1€. Foock, op. loc.

17. McSorley, W., Using Voice Recoznition to Run the Warfare
EInvironment Simulatcer &hEsi, Masters Tanesis, Naval

Fostzraduate School, Monterey, Celifornis, Merch 19€1.

AL e .

18. Rore Air Develorment Center Rerort RADC-TR-82-74,
Advanced Imeze Exploitation Aids, by Jchn R. Welch

—

and Z. Shamsi, March 1952 .

18. Peccck, op. 1lcc.

PR, S

29. Threshold €22 User’s Menual, Threshold Technology Inc.,
1978.

', z1. Conners, E., and Vance C., 'Operation o¢f the G-113¢
: Farvard Tachistoscope and Peripheral Eguirment, Naval ;

Bl
_ Pestgraduate Schcol €S %855 Paper, p. 1-3, Sertermber
_ 197&.
‘i 2. United States Strategic Institute Peport, USSI 7é-zZ,
. Soviet Wwarsaw Pact Feorce levels, by J. Erickson, 1876.

| 23. Lonnely, C., and others, The Soviet War Mackine: An
;1 . Encycloredia of Russian Military Xquirment ard

Strategy, Chartwell Beccks, Inc. 197&.

<4. Defense Intelligence Agency DBEBE-<682-42-78, Handbook on
e viet ned Forces, February 197E.

<€. wiener, ¥., The Armies of the Warsaw Pact :atjions, 2nid

& ed., Carl Jeverreuter Publishers, 1576.

D S A

151

—— e W&




ik gl

LN,

INITIAL DISTRIBUTICN LIST

Deferse Technical Information Center
Camercn Station
Alexandria, Virginie 22134

Superintendent

ATTN: Litrary, Ccde 0142
Navel Postgraduvate School
Monterey, California 9394¢

Superintendent

ATTN: Department Chairman, Code £%
Naval Postgraduvate Scacocl
Mcnterey, California 93940

Superintendent

ATTN: Prcfessor J. Arima, Code E£5Aa
Maval Postgradvate School

Monterey, Californla 93949

Superintendent

ATTN: Professor R. Elster, Code EEFa
Naval Postgraduate Schcol

Monterey, California 93%49

Surerintendent

ATTN: CCKE W. Morcney, USN, Ccde 55Mp
Naval Postgraduvete School

Yonterey, California 93942

Superintendent

ATTN: Professor D. Neil, Code EENi
Naval Pestgraduate Schceool
Monterey, California 93942

Superintendent

ATTN: Professor G. Pcock, Code £5Pk
Naval Postgradvate School

Monterey, California 9394¢

Superintendent

ATTN: Code 2124

Naval Postgraduate Schcol
Monterey, California 93940

152

No. Cepies

2

1¢

o

s ek e e e




v d

12. Surerintendent 1
ATTN: Ccde 39
Navel Postgradvate School
Monterey, California 92542

11. Alr Force Institute cf Tecnnclczy/CIS? 1
ATTN: Major Charles Zarnhart, USAT
¥right Patter<on Air Force Base
Chio 45433

n

12. Air Torce Intelligence Service/INTD
ATTN: Lt Ccl %. Gray, USAF
Bolling AFRB, Washingtor, D.C. 223222

13. Rore Air Developrent Center/IRR 2
ATTN: E. Benfeld, IDES
sriffiss ATR, New York 13441

13. Rome Air Develcpment Center/IRRA 2
ATTN: Lt J. Woodard
sriffiss AVR, New York 13441

14. Aercnautical Systems Division/RwT 1
ATTN: Lt Col J. Turiretti
Tactical Reconnaissance Projects
wright Pattercon AFB, Ohio 45433

1. Strategic Air Command/INXY 2
ATTN: Capt Greg Jay, USAF
Offutt AFB, Nebraske 6£113

16, American Sterilizer Company 1
ATTN: T. Brendgord
€424 West 23rd St
Erie, Pennsylvania 16152

17. Crew Systems Technology 1
ATTN: Donald L. Parks
2ceing Commercial Airplane Ceo.
P.0O. Box 37g7
MS 47-28
Seattle, Washington, 98124

1€. Dipl.-ing Eartmut Mutschler 1
Wissepncraftl.vitarbeiter
Fraunhcfer-Institute Fur
Informations-Und Datenverebeiting
Rintheimer Strave 19
D-75¢@ iharlsruhe 1
Germary




U ol A LA .

i AR i s

M, s 5 210 il R o L S e

|
]

23.

2E.

Feneral Dynamrics

ATTN: J. Mike Byrd

¥ail Zone E&zz7-1

P.0. Box EE1260

Sap Diego, Califcrnia 92138

Eabcox and Wilcox

Nuclear Power Generaticn Division
ATTN: Robert L. Starkey

P.0. Box 1262

Lyncnburg, Virginia 24525

International Telepanone and Telegraph
great Easters House

Human Factors

ATTN: Barry Drake

Edianburgh Way

Harlow, Essex

Ergland

Texas Instruments, Irc.
Human ractors

ATTN: Kenneth C. Rice
P.C. Box 2909

MS 2221

Austip, Texas 7E7E3

dalt Goede

Corcultant

31251 Eawksmoor Irive

Rancho Palos Verdes, California 92274

International Telephone ani Telegraph
ATTN: H. Rudy Ramsey

12@¢ Oronoque Lane

Stratford, Ccnnectlicut 26497

Lear Siegler, Inc

TTN: Ivan Belya

4141 Xastern Avenue S. E.

¥S 128

Grand Rapids, Michigan 495¢6

TRW

MlS-Man-Machine Interface
System Design Departrent

ATTN: C. E. (NED) Wilkins

Cne Space Park

Redondo Beach, California 9@278

184




Al

e

st e o o AR A3 SO

i
!

27.

25.

31.

32.

33.

34.

TR%

Systems Analysis Devartment
ATTN: Matthew F. Carroll

MS 75-19€

One Space Park

Redondo Beach, California S50278

American Telerhone and Telegrarph
ATTN: R. E. Cochrane

Efngineering Maniger for Human ¥actors
Rocem 4C154

BEeiminster, New Jersey €792l

seneral Motors Corporation
Indvstrial Relations Staff
Director—Xrgonomics

Eealth Services

ATTN: Roger L. Kuhn

3044 West Grand EBlvd.
DPetroit, Michigan 482¢2

Northrop Corporation

ATTN: Jeffrey T, Miller
2321 West 12@¢th Street
Eawthorne, California 90220

Northrop Corporation

Electrcnice Division

ATTN: Compass Preview Program Manager

1 Research Park

Palcs Verdes Perinsula, California 99274

Joha Eerchenroder
224 Ncocrth Wakefield Street
Arlington, Virginia, 22223

Srerry Univac

ATTN: Michael L. Schneider
Computer Scientist

P.0. Box 5¢¢

Blue Bell, Peansylvannia 15424

U.S. Army Human Engineering labd
ATTN: Richard N. Armstrcngz

Eox 47€

Fort Rucker, Alabara, 26362

[




Chio State University

Industrial and Systems Engineerine
ATTN: Gayle L. Berry

1971 Neil Avenue

Columbus, Ohlio &£3210

University of Netreska at Lincoln
Industrial Englineering
ATTN: David J. Ccchren
Lincoln, Nebraska EEE8E

Systems Research ILabcratories
Evman Factors Zngineerirg
ATT™N: Charis Hale

280¢ Indian Rivple Rcad
Daytor, Ohio 4E44¢

University of Califcrnia

Computer Science and Applied Math Lepertment
Lawrence Berkeley lab

ATTN: Aaron Marcus

Building £€B

Room 2238

Berkeley, California 9472¢

Bunker Ramo

Flectronic Systems Division

ATTN: CATIS Program Manager

31717 lLa Tienda Drive

Box 5@¢9

westlake Village, California 91359

Texas Instruments, Inc.
Electronic Systems Division
ATTN: TIPI Program Manager
Lewisville, Texas 75267

Harris Corporation

ATTN: Larry Lambd

MS 22/2¢419

F.0. Box 37

Melbourne, Florida 32901

Rodney Elden

Management Consultant

% Middle Road

Bronxville, New York 127¢8




, s
G Sl AR

“u

i
g
|
i
|

ks Lo i s

&4,

4€.

&7.

49.

[41]
.—l
L]

Defence and Civil Institute eof
Environmental Medicine

ATTN: Ing. L. Van Ereda

P.0. Box 2gée

1133 Sheprard Avenue West
DPownsview, Ontario

Canada MM 3B9

Naval Ocean Systems Center
ATTN: Carl Rcsengrant, Ccde 6141
San Clego, California 52152

verck and Company

ATTN: Nancy wco

R 84-17

Box 22¢2

Rahway, New Jersey 9706t

National Aeronautics end Space Administration
ATTN: X, L. Weiner

MS 23903

Moffett Field, California 9423F

Naval Undersea Systems Center
ATTN: Anthony Bessacini, Code 3Ez2
Newport, Rhode Island 92542

Naticnal Security Azencey
ATTN: John F. Boehm

E542

Fert Meade, Maryland z2755

Naval Training and Equiprent Center
ATTN: R, Breaux, Code N=71i1l
Orlenio, Florida 32&13

Cffice of the Undersecretary of Defense
Research and Engineering

ATTN: Cdr Pacl Chatelier, USN

Room 3D129

Pentagon, Wasnington, D.C. 22301

National Aeronautics and Space Administratico
ATTN: Clay Coler

MS 23902

Moffett Field, California 9423%

R ——

S e e




B o N . ‘
U S
e e e o A et e

I G

7.

56.

€0.

€1.

Naval Urdersea Systems Center
ATTN: Dianne Devis, Ccde 3822
Newport, Rhode Island 7Z2&4¢

Naval Undersea Systems Center
ATTN: Edward le Gregario, Code 3822
Newpert, Rhode Island 22840

U.S. Army Engineer Topogrephic end
and Research Institute

ATTN: Tice De Ycung

Fort Felvoir, Virginia 220€¢

U.S5. Army Applied Technclogy Lab
Fort Eustis, Virginia z3€€2

United States Postal Service
Researcn and Develcpment lab
ATTN: Harold C. Glass

11711 Parklawn Drive
Pockville, Maryland z2@85:z

Air Force Aerosrace Medical Hesearch labv
ATTN: Ton Mc Kechnie
¥right Patterson AFB, Chio 48432

Alr Ferce Aerospace Medical Recsearch Lab/BBA
ATTN: Thomas J. Moore
Wright Patterson AY¥B, Ohio 48433

Air Force Aercspace Medical Research Lab/EBM
ATTN: Capt Vince Mortimer, USAF
Wright Patterson AFB, Ohio 45433

Naval Aerospace Medical Research Lab
Acoustical Sciences Livision

ATTN: James Mcske

Naval Air Station

Pensacola, Florida 325¢6

U.S. Army Signal Center
Lirectorate of Training

ATTN: Cart Leslie Scofield, USA
Fort Fordcn, Georgla 32905

Naval Air Develorment Center
ATTN: C. Skriver, Ccde 6221
Warminster, Pennsylvania 18974




()]
n
._l

. haval Uadersea Systems Cexnter
ATTN: S. Nils Straeveit, Code 217
New Loandoa, Connecticut 2c32l

m
(€2}

. Fleet Material Suppcrt Cffice 1
ATTN: Leabmond Tyre, Code 932
' ¥echanicsturg, Penusylvanie 17285

AR A R o~ wro ey v

€4. Air Force Weapons snelysis Lesboratory/IGR 1
ATTN: Tric wWerkowitz
Wrisht Patterscn AFR, Chic 48432

£. Nevel Air Tevelopment Centler 1
ATTN: T. Weiner, Code 4€43
“erminster, Pennsylvania 1&u74

;2

£€. Naval Alr Systems Command 1
ATTN: Cdr Chuck Hutcanins, Alr-3<@F
3 Jefferson Davis Higkwey
.: Arlington, Virzinia 202€2C

27. Army Ccmmunicative Techrclegy Cffice 1
ATTN: Major W. MacBarrie

Box 4327

Fort Eustis, Virgiria 236c4

. National Securtity Agency 1
ATTN: Charles Wayne
RE4
Fort Meade, Merylend 227EE

™
m

- _—.-L—’ —J——‘

€9. PDAVAA-3 1
! Avicaics Research and Tevelcpmert

ATTN: Lockwood Reed

Fort Monrmouth, New Jersey €7723

7. Army Recearch Institute 1
{ PERI-CU
ATIN: J. N. McConnell
5021 Eisenhower Avenue
Alexandria, Virginia 22333

71. Air fcrce Aerospace Medical Research 1ab/BBA 1
ATTN: Richard McKinley
Wwright Patterson A¥B, Chio 48423

o i A A LT N F

4
1

%

NN TSN e gy




T

) -.LM ._i.;“JAL._:'_;.‘J, i }

e r P

- irs S B iy

74.

TE€.

7.

78.

79.

E¢.

8l.

e . e ——

Texas Instruments, Icc.
ATTN: George [oddington
Box 225936

MS 371

fallas, Texas 75242

IBM Research Center

ATTN: N. Rex CZizxon

Box 218

Yorktown Heignts, New York 1¢59&

Massachusetts Institute ¢f Technology
ATTN: Victor Zue

Rcom 26-543

Cembridge, Messachusetts 22139

Folt, Beranek, and hNewman, Inc.
ATTN: Jared wclf
£2 Moulton Street
Cambridge, Massachusetts Q2238

Naval Alr levelopment Certer
ATTN: Norm Warner, Code €221
¥arminster, Pennsylvania 18974

Robert Lynchard
31658 McCrory Place
Orlandc, Forida Z2£03

Naval Aerospace Medical Research Labd
ATTN: Cdr James Goodson

Naval Air Station

Pensacola, Floride 32208

Armament Division/XRC
ATTN: H. ¥. Brown
Eglin AF3, Florida 32541

Naval Aercspace Medical Research Lab
Acoustical Scieances

ATTN: Carl Wwillliams

Naval Air Station

Pensacola, Florida 32228

Naval Air Test Center

Systems Engineering Test Directorate
ATTN: Andrew Cruce, Code 57230
Patuxent River, Maryland 20670

16¢

PN
;ast

TR TP W g T -

ESy——reagppe




E3.

= £4.

€6.

£7.

€9.

8@.

g1.

Interrcal Hevenue Service
ATTN: Thomas Cullen

1221 East Street NW
¥ashingten, D.C. 22zc4

Interral Revenue Service
ATTN: Klauvs Erosius

12¢1 East Street NW
Washington, 0.0, 28zc4

Verbex Corporation

ATTN: Janet Baker

Two Qak Park

Bedford, Massachusetts 21730

United Statecs Pcstal Service
Research and Development Lab
ATTN: Arnold Craft

11711 Parklawn oJrive
Rockville, Maryland 298852

Army Research Institute
ATTN: Irv Alderman

E¢81 Eisenhower Avenue
Alexandria, Virginia 22333

Navel Ocean Systems Center
ATTN: John Phillirs, Code 7232
San Ciego, Califcrnia Sz152

Wayne Lea
&589 Sanford Ccurt
Santa Barbara, Californie 93111

Naval Electronics Systems Center
ATTN: Frank Teckelman, Code 320
2811 Jefferson Davis Highway
Arliaogton, Virgicia 20362

Naval Ocean Systems Center
ATTN: Bruno White, Code &302
San Diego, California 92152

Naval Ocean Systems Center
ATTN: william Dejka, Code 8382
San Ciego, California 92152




ST odl AP

"\‘.LA_ o i+

i
‘3
i
z
4
|

93.

94.

86.

87.

98.

99,

120.

191.

advanced Fesearch Projects rgency/IPTO
ATIN: Lcdr J. Tietzler, USN

1422 Wilson Blvd.

Arlington, Virginia 2236¢C

Bolt, Lkeranek, and Newman, Irnc.
ATTN: Richard Pew
53 Mculton Street
Cambridge, Massachusetts 2138

University of Missouri at Colurbia
Industrial Engineering Department

ATTN: Marlin Thomas

Room 113, Electrical Engineering Building
Columbia, Missouri 64211l

Cffice of Naval Research
ATTN: M, Talcctt, Code 455
£20 North Quincy Street
Arlington, Virginia 22217

Cffice of Naval Research
ATTN: G. Malecki, Code 4E%
Arliangton, Virginia 22217

Folt, Beranek, and Newman, Inc.
ATTN: N. Greenfield

5¢ Mouvlton Stireet

Cambridge, Massachusetts €¢<l3E

Air Porce Human Resources Lab/TT
ATTN: Col Richard Shelton, USAF
Lowry AFB, Colorado £222@

Armed Forces Air Intelligence Training Center
ATTN: Capt Dick Rewalt

Building 3860

Lewry AFB, Colorado 6¢23¢

University of Southern Celifornia
Inforration Sciences Institute
ATTN: R. Bisbey

4€76 Admiralty Way

¥arina Del Ray, California 9291

Naval Ocean Systems Center
ATTN: R. Kolb, Code &Zz4
San Diego, California 92152




48 e

AT

.

DU Sy

PP

T

i
}
4
3

123.

124.

125.

12€.

126.

127,

1¢s.

129.

113.

. Commander in Chief Facific Fleet

ATTN: Cdr R. Meinnold, Code €4
Becx 5
Pearl Earbcr, EHawaii 9€EE¢

Stanford Research Institute
Artificial Intelliznce Center
ATTN: Daniel Sagalowic:z

33 Ravenswood Avenue

Menlo Park, Califormnie 94¢zS

Science Aprlications Incorporated
ATTN: Russ Hammcnd

Suite 12€0

1911 North Fort Meyer Drive
Arlington, Virginia 222¢9

S. Parsons
1974¢ Via Xscuela Drive
Saratoga, California 95¢70¢

University of Michigan

Indvstrial Fngineering Department
ATTN: Don Chaffin

Ann Arbor, Michigan 45124

University of Michigan

Industrial Engzineering Department
ATTN: Walt Hancock

Ann Arbor, Michnigzan 48124

Noval Ocean Systems (Center
ATTN: Dennis tcCall, Code 6242
San bDiego, California 92512

Cffice of Naval Research

ATTN: Marvin Tenico?f, Code 437
5092 North Quincy Street
Arlington, Virginia 22217

Naval Ocean Systems Center
ATTN: John Schill, Code 92122
San Tiego, California 92152

University of Pennsylvasnia
Wharton School of Business

ATTN: H. Morgan

Room W-83, Dietrich Hall
Philadelrhia, Pennsylvania 191¢4

162

s




. Neval Electronics Systems Commard
ATTN: Dan Schutzer, PME 128
2511 Jefferson lavis Hignway
washington, 0.C. 22360

Advanced Research Projects agency/IPTC
ATIN: R. Kahn

1490 Wilson Blvd.

Arlington, Virzinia 222¢9

113. Threshold Technology, Inc. 1
ATIN: Tom Martin
1829 Underwood EBlvd.
Delran, hew Jersey 4827%

114. Tareshcld Technolegy, Inc. 1
ATTN: Joe Bove
1625 Underwooa Elvd.
Delran, New Jersey £5@275

112. Threshold Technology, Inc. 1
ATTN: Phillirs Scott
1529 Underwood Blvd.
Pelran, New Jersey ¢8g7%

116, Advanced Research Projects Agency/CTO 1
ATTN: Craig Fields
1422 wWilson Blvd.
Arlington, Virginia z<2€S

117. Cormrandant of the Marires 1
Scierntific Adviscr
ATTN: A. L. Slafkosky, Code RD-1
Washington, D.C. Z233EQ

118. Institute Zor Defense Analysis 1 1
ATTN: Jesse Crlansky
4¢2 Arny-Navy Drive
Arlington, Virginia 2ZzZ@cz

119. Naval Ocean Systems Center 1
ATTN: Glen Allzaler, Code 8242
San Diego, California 92182

12¢. Air Force Aerosrace Medical Research Lab/EEF 1
ATTN: Dcn Topmiller
Wright Patterson AFB, Chio 45433




121.

123.

124.

126.

127.

128 .

129.

132.

Naval slectronlcs Systems Ccmmand
ATIN: R. Fratilla, Code 33¢

<Z11 Jefferson Davis Highway
Arlington, Virginia 2¢26¢

Naval Electronics Systems Commend
ATTN: J. Machodo, Code 33¢

2811 Jefferson Tavis hlghway
Arlington, Virginia 22Z€%

Capt Jonhn Armstrcng
£445 Sugar Creek way
Crleans, Ontario
Canada £1C 171

Lepartment of National Defence
NDdS DAS Eng. 4

ATTN: Lt Col J. A. Wellingtor, CAF

121 Colonel by Drive
Cttawa, Ontario
Canada K14 0Kz

Rome Air Develorment Center/IRRA
ATTN: R. Vonusa
sriffiss AFB, New York 13441

Lt Col Mark Smith, USAF
950@ Braddock Road
Fairfax, Virginia 22222

Computer Corpcration ¢f America
ATTN: Chris Eerot

£7S Technology Square
Cambridge, Massachusetts 22139

Tigitel Equipment Corporation
ATTN: Paul Thordarson, ML3-2/E41
146 Main Street

Maynard, Massachusetts 22138

Thomas J. watson Researcan Center
ATTN: John Gould

Box 216

Yorktown Heights, New York 1@59&

Lockheed Missile and Space ILivision

Department 86-10
ATTN: leon Lerman
Box 182

Building 504

Al




Surnyvale, California 94C&6

121. Biotechnolozy, Inc. 1
ATIN: darold Price
2927 Rosemary Larpe
Falls Church, Virzinie Z2zg42

-l? 132. ™a) Warren ¥atkins, USAF 1
1 STRAD/DO2 F
Vandenburg A¥E, California 93427

& 133. Olin Campbell 1 f
¢ | Suite 201 1
4 11€2 South State Street

£ Orem, Utah 84257 <

TRW Field Office
ATTN: George Harris, Code N-34
Pearl Harbor, HI S68€2 i

]
! 134. Commarder in Chief Pacific Fleet 1 i
|

j 135. Alr Force Aerospace Medical Research Lab/BEC 1 i
' ATTN: Lew Hahn
[ | Wright-Patterson AFB, Chio 4£433

: 136. California Institute of Techneclcegy 1
i Jet Propulsion Laboratory

Systems Analysls Section
= ATTN: Robvert L. Scohn .
| 4820 Oak Grove Drive iy
& Pasadena, California 911¢3 ‘

i 137 . Massachusetts Institute of Technology 1
' Lincoln Laboratories
ATTN: Cliff Weinstein
Room B-33E&
lexington, Massachusetts £2173 i

SR . WL

138. Tavid Jcly 1
P <180 Bryant Stireet
, Sar Francisce, Califcrnia 94110

—— e e

139. Naval Training Equipment Center 1
Euman Factors Laboratory
ATTN: Ellzabveth Lambert, Ccde N-711
Crlarndo, Floridae 32813

16€

Lt s o st ul




14¢. Threshold Technclcgy, Incerporated 1
ATTN: Fred Gladney
Suite ¢ - C1
1449 Scuth State Cclleze Rlvi.
Arnaheim, California 9Zboc r

R E T T T emTemRmsmm————

141, Heuvristics, Inc. 1
! ATTN: Tom Imperato

! 1285 Hammerwood Avenue

1 Svnnyvale, California 942&6
3

1

A 5. i e S A

14z. XYRICN 1
ATTN: Paul Frost
7 Rideedale Avenue
Cedar Knolls, New Jersey 07927

143. Threshcld Technology, Incorporated 1
ATTN: Jchn Welch
1829 Underwood Blvd.
Pelran, New Jersey 28Q7%

144, Cffice of Naval Research 1
ATTN: Robert Wisher, Code 4ES
E2¢ North Quincy Street
Arlirczton, Virginia 22217

142 . Honeywell, Incorporated 1
Systems and Researca Center
ATTN: Robert North
2609 Ridgeway Blvd.
Minneapolis, Minnescta 55413

146. National Bureau of Standards 1
Information-Communications Systems Technology
ATTN: Dave Pallett
AZ19 Techrology Building
Washington, D.C. 22234

167




