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ABRSTRACT
Computer voice response and - computer speech recogrition can c L
orovide a wvaluable supplementary training aid Ffor. military | B i .
training systems. For training devices based on media or _ -

software which is hard to change,
amendments o
physical fidelity to a particular ~

information and allow spoken
For simulators which
detense system,
information *to

attempt
speech provides a
and from the student withowt interfering with the i .

vobice can provide supplementary
course infermation.
communicate

medium  which can

defense system displays or controls.

It is Jeasible to add
guality to mpst  training

entered and changed by simply
least thirty minutes

computer

eyatems.
speaking

of such speech «an be stored and retrieved

voice response  of telephone . _
Such. veice response can be L
into a microphone. at o

digitally in a simple hardware implementation.

Speech recognition capability can add a
allowing the trainge to make reguests or to

answer " multiple—-choice gquestions.

voice training aid,

INTRODUCTIGN

I this paper, we will laock at two major
categories of ftraining situations which
arise: 1) with simulators aor part-task
trainers, : and 2) with
such as videadisc =1
instruction systems.
discuss where we
camputer—-voice response,
of the computer to communicate
student by wvoice, can be an
supplement to these training
making *these technologies more effective.
it will also discuss how
speech—recognition capabilities, i.e., the
ability of the student to respond +to  the

computer—aided
This paper will
believe that
i.2ey the ability
with Lhe
imprrtant
technologies,

comnputer by wvoice, can be & wvaluable
supplement to computer volite -response in
Somne situatians. We will discuss how
Cmurrent state—~of—-the—art - hardware and
software Can be used -to meet the
reguiremeants Cgenerated by these
applications.

There have been more sperialized
discussions . elsewhere of the rale of
spaech technol ogy in training,
particularly in situations where the
raesponsse  to be traiped is a vocal response

and in which the speclfic syntan and
used are part of the trainimg (1,3-5).

words

SIMULATORE AND PART-TASK TRAINERS

There is a wide range aof training systems
being developed for military and other
applications. These devices include very
complex . weapon system trainers. Heapon
system trainers simuwlate - in real time the
response of the operatiomnal weapon system
to the trainee’s actlons. At the other end
af the spectrum are more simple

training devices,

further dimension to a

trainers where the device
responds to a limited number of caonsole
actions to give the ifrainee experience
with a particular set of switches  and

familiarization

Cpontrel e,

Simulators and Compubter—Aided Insirutiion

characteristic of such trainars
they attempt o simul ate to
‘degrees the actuwal system for
which $he +training is being undertaken.
Thus, +the displays, switches, and aother
means aof communication between the trainee
and the  esystem are those present in the
actual weapon system. If we wish to
automate such a system. io provide
computer-aided instruction as a supplemsnt

The major
iz that
varying

to the instrouctoer, we are faced with the
-difficulty that we do not wish to
interfere. with the. fidelity of the
student-system interaction. We do not

wish For there toe anpear on the CRT screen
of the weapon system & gquestion or. . a
prompt  that would not be available in th

actual weapon system. Misuse of a
simul ator/trainer a8 a computer—aided
instruction device could too sasily result
in confusing the trainee between what he
can expect in an operational situation and
the training situation. We wonld
therefore like te have such _ machine-based
instruction oCowr without interference
with the operation of the training svystem.

Having the . computer-—hased. instruction be
delivered by spoken mnessages is probably
the ideal - alternative +for this type of
system, particularly since the student is
ueed to receiving vocal instructions from
the instructor while he is operating the
training system.
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B R U A b i

Let™s consider & more
Suppose we wished to
procedures with a part—-task trainer. The
system might be such .- that, when a
particul ar weapon system panel failed, the
procedure was to use keyboard entry.
Because the major part of the training
will be for normal operation, training in
the emergency procedures can be a poor use
of time for an instructor, marticularly if
these procedures are complex enough o
require MaNy repetitions for
familiarizatian. Yet, no one wauld argue
against | the importance of +training in
thase nroceduras.

specific example.
teach emergency

An  example of the interaction with a
speaking computer—aided- instruction (CAI)
system might be as +follows, The CAl
system might say, "BQuppose the firing
panel! has failed. What would wou do in
order to initialize vour missile bathery
for  firing?" The user sagponds as he
wakld  in an operational situation, typing
in his response. If the syshen is
implemented such that the CAI system is
aware of what response was typed in, the

machine can respond to a correct answer by
saying, “That is correct.’” and proceeding
to the next step in the instruction. T+
the answer is  incerrect, the CAI systam

might indicate the nature of the errorj;
for example, it might say "You transposed
a €C and an A inh the command. Flease try
again, " ar "You s the command
appropriate for a failure cf the
navigation panel instead of the Firing
panel. Fleage try again.”

If the CAl system is not set up in such a
way that it can read the specific. response
of the tralnee, it may s$imply state the
correct - respunse  and  ask Mim i#f he
reguil res Fuo-ther explanation. This
approach reguires that the student be
to interact directly with the IAI system
to indicate that he or she mesds more help
o a repetitien of the instructions. For

the reasons previously discussed, it would
be useful if the student’s resnonses could
e vocal. It would be useful if he or she
ceuld state whalt the response was and have
the computer comment wpon it, as L+ the
CAl zvstem were aware of the keyvs presszed.

Even in &
ig aware of the key presses,
bhe a mechanism for the student to
communicate with the system to request
help, a himt, or mora detailed
axplanation.

situatior where the CAI system
there should

Speech Technology Reguirements

Let ws discuss the
recognition technology
desirable for voice—aided
have deasoribed it.

voice rasponse  and
which -~ would be
training as we

Volce respaonse.
requirement is

A highly desirable .
that the speech be easily
intelligikle and ratural spheech. The
student is learning a difficult task and
it is inappropriate Ffor him to also be

able -

learning to understand wnnatwal speech.
We would like the speech to be as 1if it
were coming from & recording.

usefnl  iFf  the speech
produce  sounds  as

I+ wpould alseo be
response system - could
well; For example, it might be useful to
axplain to the student that when he had
pressed a particuwlar seqguence of buttons,
he would hear a - particwlar sound and. have
the . svyatem replicate . that sound.
Similarly., having different wvoices  waould
be wsefuls: For example, one could use a
famale voice for _ instructions abowid | the
CAl procedure and a male wvoice for the.
instructional material. : -

Another requirement is that the wvocabulary

of the speach response system be
essentially unlimited to allow instructicn
to be  designed and changed withaout

artificial tonstraints.

there be no
beginning .of a
content of.

A third requirement is that
signiticant delay in the
vocal response, even if  the

that responge depends wpon the student®s
attions. I+ there is a differing response
for a correct afsSwer than  an incorrect
SNSWE, the machine must immediately
presaent the appropriate response. This is

alea the case. if +the student
review, more detail, or & hint. Lo

We must alse reguire that  there he a
‘capability for storing sufficient -speech
to carry the whole training sessiaon. This

would probably reguire that a; minimum of

fifteen minutes of. speech he stored in the
speech response  system. It is unlikely
that more than an how of spesch would be
required for any single training session,
congldering time allowed for student
response and for repetition of materials
A subaidiary reguirement is that. the

speach/material be changeable by reloading
the system in some way from some off-lirie
storage medium, such as tape, o0 that _the
course contant  could be sasily changed to
another how of . speech.

A highly desirsble capability is that the
system allow the speech content of the
coursa material to be easily changed.
Berause speech is zueh 2 natural mediuwn in
which to teach, the full advantage of. the
speech response technology will nat  be
realized unless the instructor or course
designer can readily change portions of
the spoken material. This can be reguired
for a number of valid reasons:

raquests _a_

1Y The instructor may discover that the
students have difficulty with  a
certainm portion of the fowse. and

imstructions that
present  course

require additional
are et in the
material.

2) The weapon system itself may change.
requiring  that the course material be
changed to reflect

particularly.  advantageous when the

course material can compensate for an .

incorrect response of the weapon
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system trainer, due to a. late change
in the operational weapon system.)

A
&

An  instructor may discover that a
certain portion of the instructional
material is wrong or confusing.

It would be ideal if the instructor couwld
change. the course material simply by
indicating the portion of the course to be
changed and then siaply dictate wvocally
the change or addition.

A Ffinal requirement is that the addition
of the wveoice  response have & minimum
impact, if any., on  the hardware and
saftware of the ftraiming wsystem. Biven
the difficulty of developing training
systems, any significant increase in  the
complexity added to that task by a CAI
adjunct would be a severe impediment to .
the addition of such gcapability. For this

reason, it is  probably  inadvisable to
integrate the voice-response. capability
into the weapon—system hardware and
software.

It is modern design philosouphy For
computer—based systems to modularize as

much as possible to simplify the software
development. The implications for the
compuisr~veoice response in this context is

that it would be appropriate for the
device to be a stand-alone device where
changes in the spoken material  were made
independently. The communication with the

training system could "be throuwgh simple
identifiers without requiring the training
system to store the speech material.

The speech response requirements are
summarized in Table I.

Spesch Recognition. ~ We _ have
discussed the reqguirements for the
voitce-response capability of the CAI
system. The requirements an the
speech-recognition side are less
substantial . Speech-recognition
capability in combination with voice
response would be wvetry -powerful if the
speech-recoghition capability could
distinguish the foellowing commandss

"Repaat? ——
The student could use this to reguest

that course material
rapeated.

o a gquestion be

“"Hint" or “"Help"
The student could use
further informatian
correct response.

this to reguest
ar a hint to the

n YES n and IINa 113 ——
To allow the student +{to respond to
questions.

"Stog" and "Ready" -— :
To allow the student to stop the AT

process o to inform that he o she
is ready to proceed. again aftsr an
interruption.

" particular,

In addition, in specific applications, it
might be useful for the student to respond
by a series of digits or by other specific
responses tao inguiries by  the
voice-response unit.
be met at a
the cost of the
by the sarvice

If these requirements could
price commensurate with
trainer and justified
provided, it is quite 1likely. that the
device would provide an effective aid in
assisting- the instructoe in training for
certain tvpes of skills.

TRAINING DEVICES

Another
receiving

type af training which im
growing interest in the military
and elsewhere is the wuse of. dedicated
general —purpose training devices, Such
devices include the followings: (1) genepral
CAI systems based upon minicomputers or
microdomputers, and (2) interactive video
systems, both videotape and videodisc. In
microcomputer—-controlled
hold great promise §or
highly powerful interactive training
systems at a moderate cast. A major
disadvantage, however, of CAI systems in
general , and of videodisc | systems in
particular, is the difficulty of changing

videpdisc _systems

- such - systems once the program is designed.

require creating a new master.
C This

'-5ystem

To change a videcodise, {for axample, may

minimized throuagh
volice-response

by the SAMNS
controls the CAI or

Thus,: while a given

the SCresn , the
system could be instructed
to wpeak a given
The speech material

problem could be
uge of an adjunct
controlled
microcomputer that
videodisc: system.
frame is an
gpeech—raspbonse
by the microcomputer
section of material.

the

could dif+fer -depending on the %frainee’s
response.
The same considerations, with respect to

being able to change the material easily,
apply +to this type of system as they did
ta the simalators and part-task trainers
in the previous section. It is almost an
axiom that there will be errors in a given

s8t of cowrseware no matter how often it
is checked before being committed to
software or to videodisc; a related
postulate is that the course material will

become outdated in part as soon as it is
finalized. Thus., the voice-response system
requirements of Tabie I are relevant to
the presant section.

In the area  of the
recognition devices, however, there are
different considerations. We do not have
the reguirement in most cases of physical
fidelitv. Therefora, there i  no
difficulty in ellowing the trainee to
communicate with the CAI- system: through
the uwse of a keyboard or other means such
as a touch-sensitive screen, minimizing
the need for speech recognition.

supportive speech
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Table I
Requirements far
Computer—to-Trainee
VYoice FResponse
A. Easy—~to—-understamd speech
B. Easily changed speech material

C. Unconstrained vocabulary and syntasx

0. Different spoken material depending
on student. action, with rno
significant time delay bafore

response starts

E. At least fifieen minutes of speech,
one haw desirable:  couwrse material
changed by reloading from off-line
storage (e.g.« Lape)

F. Sowund  effects and differemt wvaices

possible (useful, but not important)
G. Minimal impact on syastam
hardware and software

training

There wild be a
for u=sing a speech-recognition system as a
response mechanism if the response of the
user raequired a minimum of Familiarization
by the trainee with the gspeech svstem;
that isy if the speechr - system took
advanmntage of the naturalness of speech to
the user as a means of communication, it
might make the interaction with the CAT
system less intimidating. It would be
npice, for example, If the videpndise ar CAT
system could display a mtitiplae-choice
guestion on the screen and ask the user to
repeat the correct response. The response
choices wownld ideally be lengthy phrases
with no  vocabulary constraints. I+ the
system could distinguish the gorrect from
the incorrect responses. this would be s
very natural means of interacting with the
students. It would bave the added value
of krawving the student repeat the correct
answer orally, rather than simply. press a

button ma ked AELC, or  D. it is
reagonable to assume that a student would
better retain an answer which required

oral remetiticn. This would seem on  the

face of it to be an easy task for a
speech-recogni tion system, since the
phrasing of the multiple-choice answers,

particularly the wWrong aNsSwers, is wvery
much wnder the control of the designer.
It would therefore seem to be easy  to
select choices- -which are distinctliy
different.

Im the next section. | we distuss the

implications - for speech~recagrition
technology of +the requirements of this
gsection and the previowns section.

IMFLICATIONS FOR SPEECH-RESFONEE
AND SFEECH-RECOGMITION TECHNDOLOGY

There are two gistinct technoloagies
invalved in this discussion: 17 wvoice
response, and 2)speech recognition,. :

significant motivation.

word which is spelled out.

Voice Response

There are Ffour majior approaches to speech
asynthesis: (1) analog recording. (2)
off-line encoding, (3} phoneme synthesis,
and {4) waveform coding. In this = section,
we will discuss these technologies and the
degree to which they can meat the
regulrements of Table I. ST I
Analao
not well-suited for
[gl=3=t=T=3-2=1 =" analog
approaches) are not
volce—-interactive asystems. However, i+t
one wishes to sacrifice voice interaction,
one can use a -standard cassette system
with +tomes. indicating the next CAI or
videndiss segment. For some applications.,
this may be cost—effectivey | as a
genaral —piulrpose interactive
speech-response system, it is net.

Recording. PRecause they are
allowing interactive
{tape- or . drum—based

Off-Line Farameter Encoding.
Tachniques such as linear predictive
coding (LFE) ard used to analyze a spoken
word or phrase and reduce the storage

requirements for steoring that | word
digitally. The encoding is done off-line,
ane word or phrase at a time, on a system.
different Cfreom ~ the - system which

synthesizes the spaech. The synthesis
asvetem can be inexpensive. The resulting
speech guality is related to the amount  of
data reduction produced by the coding,
but, in general. the result is easy to

understand. This technrlogy is suitable
for  short responses and material which
does not requl e chamgessy but the

difficulty of changing the speech and the
large amount of speech required eliminate
this appraach fram practical consideration
for the applications of this paper.

synthesis. One can describe
system . roughly  as a
each letter of a
The speech can

Fhonemsa
a phoneme synthesis
device which: pronounces

bae anteregd as a siring of "phonemes”
{analogous  to letters) | and will be
pronounced as  entered. A great deal of
effort is required Lo, enter phonemesy

and stresses . so that the resulting

nalIses.,

speech sounds reagonably naturals even
with affort, the spaach is
"robot-sounding, " and  the listener must |

to understand it._ __It
synthesis Ffor
of this papers.

eupend  wmome  effort
is feasible to use phonema
the training applications
but this techneology places a burden on  the
trainge in  understanding +the speech, and

changing the material can be difficdl® and

time-consuming. © Tewt-to-speesch systems
undar development may esse Lhis latter
difficulty (2). This approach conserves
computer memory mpre than any other
spproach, =o a great amount of material
could be stored. Rapid retrieval of any
part of the material is easily possible.
This could be a relatively low-cost
approach to
disadvantages nnted.
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Waveform soding. This - techr
basically sitores a replica of the speech
wavefarm in real time as fthe speech is
spoken. Coding technigues usaed in
communications, sueEh as Pulse  Code
Modulatian (FCMY coding, -can be used to
reduce memory stiv-age reguirements. It is
theoretically paossible ftao use technrigues
such as LD computed in real time to
reduce. storage even fuwrther. With PCM
toding., speech data can be stored at  about
4,000 bvtes per second to. create highly
intelligible teleghone~-gquality speech.
The speech can be penerated and changed by
simply speaking inte a microphone.

Wavefarm coading satisfies all the
reguirements - we outlined For voice—aided
training in Table I. It has the Ffurther
advantage that it is a well-developed
technology. Unfortunately, the large
memory  reguirements make this one of the
maore costly  solutiansy one half~hour of
spppech  reguives over seven s megabyvies of
storage. 0On the other hand, Winchester
dise drives of ten +to twenty megabvte
mapacity are raadily available and
becoming increasinagly inexpensive.
Waveform coding is a full seolution *to  the
voice-alded traiming requiremants for-
voice response in Table I -=- although pot
an inexpensgive solution.

ESpeech Recognition

The simple wontrol words required by the
simulator application can be implemented

with any commercial izplated word
recpgnition device. Distinguishing words
such . as  “help," ‘“repeat,' etc., 1is not

difficult.

An  isolated word recognizer is not =0
suitable for distinguishing multiple—
choice questions of essentially unlimited

vocabul ary. The isolated word recognizers
regquire each word o phrase o be less
than . two seconds ar sar each  suech
word/phrase to be used must he

individually  spoken several  times by the
trainee to "train” the receognizer; and a
fong multiple-choice reponse which is a
series of shorter word/phrases reguires a
digtimct patise batween word/phrases.
izolated word recognition is a complicated
way to salve what, in this case, is &
simple problem.

Because of the . flexibility we have in
choosing the multiple-choice responses, we
can choose them to be different in the
number of "syllables" (more accurately, in
the number of energy gulses). By simply
marditoring the energy envelape ©of the
trainee’s response, the speech recognition
system can distinguish traines responzes
which differ in energy pulses. Fince no
spectral information is reguired, the
system is speaker-—-independent and reqguires
no  training. Since  this approach cannpt
distinguizh "ves" from "mo," it does not
replace isolated word recognizers where
distinctions between wotr-ds of . equal
gsyllable count are reguired.

. demonstrated.

- Because of
~this approach, a system with a hard dishk

The problem of counting eneray pulsas

T consistently oveF " many users is mord’

difficult +than implied here, but has been:
In particular. adding this
capability to a

tvpe [=23 recognition

. micropcomputer—based speech response  systiem

requires a minimum of additional hardware.
SUMMARY AND CONCLUSIONS

I+ one wishes to use. Al with training
systems which replicate part of &  weapons
system, , voice response ard speeah
recognition allow the trainmee t&  interact
with the CAl system without interfering
with the fidelity of the trainer.

For training devices, wvaice response can
allow changes to the training material to
he made easily by dictating inte a
microphone. Speech recognition allows
trainees to respond +to the system in a
manner more comnfordable to  them than a
tevhoard and in a way which may improve

retention of course material.

It is feasible to have all the key
characteristics Cimplied by these
applications in a voice—-response systen
with ‘current waveform—coding technalogy.
the memory storage required by

drive is reqguired; although such devices
are becoming @ smaller and declining in
cost, this approach is relatively costly.
The cost, however, is iow compared ito the
cost of simulators, part—tazk trainers,
and their instructors® salaries. The cost
is not sc low compared with the cost of a
single low-cost training deviece,  but
perhaps acceptable 44 a ‘single speech
response system serves some ten to  twenty
training devices.

A possible  lower-cost alternative is a
text-to-speech system using phoneme
synthesis. -~ Currently the guality pf the
resulting speech is  guestionables but
research continues.

Speech recognition " has: been discussed in
thigd paper as a supplement to

This apptroach is motivated by the
realization that it is fairly easy and
insnpensive to add both isolated wor el
recognition (using beoard-level asystems)
and speaker-independent phrase racognition
(syllable—counting?} to a microcomputer—
based, voice—-response system. Except - for
multi-—user - environments, the spasch
respange/rrecognition  system should never
be talking while it is listemning, or vice
versay thus, a single microcomputer can
control both viriee response and
recognition. The wmicrocomputer - can also

handle gcomnunications with the training:

system through a standard serial interface
to mimimize any impact on the trainer
hardware and software.

(voice

In idimplementing & total system

response, two types of speech recognition,
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and caommunicatians with the trainer
computer), one atcomplishes more than a
cost reduction. The speech recognition
and response . capabilities complement one
another and vield a highly versatile
system. For axwample, the system may
interact with the trainee by giving vocal
instruction and requesting a
multiple~choice response which ig
interpreted by the sylilable-counter. The
voice-responze system can then ask a
gquestion which requires a mumesrical
responser that response can be interpreted
with the isclated word recognizer. The
isnl ated wotrd recognizer can Atcept
contral woirds such as “help," "repeat," or
Mwaitl "

The technology for effective voice-aided

training i6 availables it has the
potential to make computer—aided
instruction mor e practical in many

applications.
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