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The Power of Digital Audio in Interactive Instruction:
An Unexploited Medium

Jennifer Pratt and Mary Trainor

Abstract

Widespread use of audio in computer-based training
(CBT) occurred with the advent of the interactive videodis.
technology. This paper discusses the alternative of dig:tai
audio, which, unlike videodisc audio, enables one to rapidly
revise the audio used in the CBT and which may be used 1in
nonvideo CBT applications as well. We also discuss
techniques used in audio script writing, editing, and
production. Results from cvaluations indicate a high degres
of user satisfaction.

Introduction

An abundance of literature on computer-based traininyg
(CBT) issues is available. However, onc aspect, tne area ot
interactive audio, 1s not very thoroughly addressed. It
audio 1s even mentioned, most reterences make statements
similar to the following:

"The most common type ot auditory comnunication tror
machines to people 15 the tonal output ot such deviee:s g
buzzers, bells, horns, or whisntles." (1)

"The use o! sound 1n computer-based nstructaoen s onet
a8 advanced as the visual mode:s, [t moust conmon use b
primitive sound ettects such as beeps or explosions.  The
use of sound for music or human volce synthesis 1o nore
ditticult and intrequently done. " ()

At its inception, CHP corresponded more o lescs cn
to the description given n the second quote aboee, Avi i
wan used primarily as an alerting mechanioers, usetal ot
apprise the user of mistakes or realiness state o we

stil) exploiting this rather eaetal, ot somewhat senoton o
feature of audio to make curselven awate ot pnapprepr iate
input to our keybaoarde.

In the early 19705, the PLATO systems halt g oeparate
audio player intertacsing with the progran. T wass not v,
sttccesstul , perhaps becausae bt was not anteqrated with th.
proqgram.

Alddlo was used tor reintorcement asoomusore moede ptes oy
inta the tield, Music has been used oo reantopoe 1 pght
answers as well an to bl oo the dead cpace creataed by

acces:s time:s,



Digital audio technology has been 1n existence for sorc
time but has experienced very limited usage in CBT
applications. As videodisc technology began to appear 1n
CBT, audio in the form of spoken language began to have an
impact on the design. Audio has been used to deliver
instructions, provide sound effects, creat2 scenarios,
explalin concepts, and prescribe remediation.

The advent of digital audio created the circumst ,ncoew
necessary for effective application of audio in CBT. Nuw 1t
was possible to add a new and useful dimension to
instruction through the computer.

This paper begins with a rationale supporting the u:u
of digital audio in interactive CAT. Audio is ettective in
learning situations, especially when audic and visual
material enhance each other(2). Next, the methods and
equipment available for i1mplementation of digital audio arec
discussed. Finally, this paper addresses the potential
created by the emerging technologles that will facilitate
the use of digital audio, specitically CD-ROM.

Audio and Learning

The advantages of dual-modality instruction--tor
insrance, the visual mode combined with the auditory mode--
Are well known and well documented(2). For a variety of
reasons, not the least ot which is learner preference,
people learn beti.er when information 15 presented both
visually and auditorily. Because ot hardware consitraint:,
most CRBT has concentrated on the visual mode to the
exclusion of the auditory mode. In tact, many reterencoe
books that purport to teach the design of CHT fail to even
mention the auditcry channel and certainly do not elucidat
the opportunities that it prescnt:

An important tactor in evaluating the potential beneta?
of audio is the extra intormation that the spoken word ocan
convey . While text on the screen can provide the sane
lexical lata, specch has a number ol parameters to o carry
connotations that are not available through sample wrattaeg,

text. The meaning ot any utterance can be modit ped by
intonation, which 15 really o combination of pate vo jare,
and pivech.  The intonational contour on an utterance oo,

imply shades of meaning ranging from emphasoas to
contradiction.

Types of Interactive Audio
The most popular way to jncorporate audio s to pla o

recorded audio material on the videodisc.  The obwvioun
advantage 15 the high quality and reliabrlity of the aodg.



produced in this way. If video 1s intended to Lbe part ot
the CBT project, using audio in this way is conven.ient.
However, video is not always appropriate for every CBT
application. It is a very effective, but a very expensive
element of CBT. In addition, the audio on videodiscs has
some constraints. The specific utterance associated with .
picture or series of pictures on a videodisc is irrevocal .y
attached to that segment of video. Althougn the audio
portion may be suppressed, it may not be moved to another
segment. Additionally, the utterance itself is ab:olutceily
immutable. Once pressed, the videodisc 1s permanent, kcth
an asset and a liability, tor many applications require
occasional updating or revision as techniques or equipment
change.

Another way to 1ncorporate audlo into CHI is to use o
speech aynthesizer. While n2w advances continue to 1mprov:
the quality of synthesized speech, it remains unacceptakb:ly
mechanical and unintelligible to many people’s ears. The
best synthesizers are still expensive: and until the voice
quality more nearly approaches that ot natural humar spcech,
they remain ot less value to the CBT tield than digiticed
reccrded speech(3).

Digitized speech, or digital audio, 1s reccrded human
speech that has been electronically sampled and digitized.
The higher the sampling rate, the more natural sounding th:
speech. Of course, higher sampling rates require more
storage as well. The large storage requirement 15 the mar:,
disadvantage of digital audio. For examnle, this sentence
would require 8.2 kilobytes of storage. A typilcal one-houl
CHT course would require anywhere from 9 to 12 meqgabytes !
storage tor the digital audilo alone. The audio tiles can
stored on hard disx, but a particularly promising new aven
for storage 1s CD-ROM,

Atter the script has been completed, the utterance:

recorded on audiotape. The tape 15 digrtaieed and each
utterance 15 1ndexed and stored an o an audio tile. The o,
1s compressed to renove extrancousn parts and to save spoao«
Experience has demonstrated that smaller fales are oo 0
creat~, manipulate, and moditfy than larger files, wWhere v
an audio editor will accommodate up to TR edrce, o0

file, 1t s difficult to work with more than about 4o

One of the greoat advantagess ot drgital auadro o ol
1ts flexabilaty, Audio provided by o v leodrsee g otar g
and unchanging. You can delete 10, but for updating a
program one cannot modity 1t without producing o new
videodise.

Digital auwdio, bhowever, can bhe changed much mor e
ras1ly. New dialogue can he recorded, digitaced, aned
inserted inte the existaing program r1elat avely oo Ly Thi-



capability provides each program greater longevity beo.agie:
it can pbe modified to meet changing needs. It 1s usctu!
both in supplementing audio used on the videodisc or as th.
sole source of audio in graphics/text-based CBT. The
Cognitive Systems Engineering (CSE) Group at Los Alamos ha:
been using audio heaviiy in CBT development tor three ycar:..

A i1ttle forethought and the creative use ot digita.
audio can allow a CBT developer to modify the CBT with
relatively little effort. A few changes to the script ani
few minutes with a tape recorder and an audio editor rejpl
an old audio file with a new one. The program is sudden!:
more complete, reaping the advantages of the 1terative
design/development process.

Audio Bcript and Design Considerations

List 1 enumerates some design decisions that shoul.dl to
made when the design document 1s written.

List 1. Guidelines for Interactive Audio

o Consider the audience’s (students’) age, gender,
ecucation, and autonomy at the workplace when choosineg
volces.

0 Designate each voilce’s purpose (e.q., male volce give.
instructions, temale volice gives teedback) ., More thoa

one volce may 1mprove the presentation,

0 Balance clarity ot pronuncilation against tor alaty !
style.
Whenever specch 1s introduced anto a CBI prograrm, o
carries with it the element of persenality. Thio olege
hars both assets and liabilitaes.  wWhile personality oo

enliven the presentation and ofters opportunit res tor o
v.nrin!y ot approaches, someone always Gl iken any qrve:
personal ity.

It a5 cratacal to evaluate the prospet pee e
audience accurately and thoroughly to minsmice this b
problem. consitder what kind of vorce will bhe mort
Aaccept e to o a grven audience. A well-known story alaong!
the choilce of volce for an application rtelates that the
engineers chose a partrouiar voree because they foun i !
pleasant, but the tarqget audience regjected U g st
and evil(1). Although this incident ocourred with o
synthesized speech application, ot o allustraten that
difterent groups attrabute difterent "personalttaes! te
voloers,



A related concern is the balan.e between a natura:
sounding, conversational speaking style and a tormal,
clearly enunciated speaking style. It 1s normal to sicw
down and speak more clearly when one cannot see the
listener’s reaction, which s typical of lecture situat:.n:
This style, however, 1s slightly less interesting tc¢ l:ut...
to than conversational style. In conversation, where the.
level of listener comprehension may be interred trom the
facial expression and verbal acknowledgment, speakers tor i
to use a faster rate and less ponderous enunciation.

Thus, one always compromises betweern tormal, h:ui:gth!,
intelligible speech and less intelligible but mcre
interesting speech. The requirement tor good
intelligibility in CBT applications suggests that thir
compromlilse be resolved more on the side ot torrma.:t:
would otherwise be desired.

The tone of the audio--public speaking style versus
informal chat style and all the possibilities 1n between--

depends also on the audience. For example, an audience Tt
is accustomed to a large arount ot autonony in its workg i o
is likely to resent an authoritarian tone. Some audlen e
will react better to a voice of a particular gender, age, o
dialect. In the absence ot research on thi1s subject,

designer<s and developers would be wise to tield-test sewver g,
different v~icres and rely on user tecdback to make th:
decision.

In some cases, 1t can hbe helptul to implement dafteror:

functions within a program hy using ditterent v, !
instance, a4 male voice might be used to deiiver narrat
and instructions, while a temale voilce might be uoed ',
corrective teedback. This system can help the atulene
ident ity ditterent instructional seqgment:s oas weli s g

some variliety.

several important consitderations in omak i the a0,

audio recording should be contemplated. it o prer
several suggest;ons tor o improving the antelligibaloty ot vy
digital audio. Most of these can be amplementoed during e
tecording session 1tselt, and they are largely o0t

explanatory.

List 2. Technical Considerations in Recording

0 Always 1ehearse well bhetore the Pinal recor fong

sess1aon.

O Always take o trained lastener when recordyng soq gt
the listener can coach the speaker and addentaty whio oo
utterances need to be 10 r1ecorded,



bn] Pay special attentic: to the first wir! L@ jlrIaa
listeners tend to re:y heavily on the 1n:iti1al! fprr.a:
for comprehension.

o Consider the rate ot speech; slow pacing 15 eatier ¢
understand but may make a listener 1mpatient.

o Consider diction: nmore distinct d:ct:on 1o €atae:r °
understand but rmay s2und stilted.

o Pronounce vowels distinctly. The vowe.s carry &= o@° !
the sound energy.

(o] 'se 1ntonation to Jdiastinguilish quieastions ¢t o
statements.

o Make similar sounds that occur In seguenve more
distinctive by unusual 1ntonations.

a] Exaggerate mouth movements slight!y ani keep the & o0t
open to avoid the tendency to lock the jJaw.

Experiences v’ _h Digital Audio

The CSE group has recently completed a CHT prolect !
the Air Force, which uses audio both from a videodis:s ant
di1gi1tal torm. The prograr HEAT uses videodiso to set cgp o
scenari1o 1nvolving a heating problem. The user, ar Al
Force heating specialist trainee, 15 asked to trouticsh  °
the problem through quide ! practice with instruoct ive
fecedback displayed on the soreen. The tecedback ot e
to the specific errors made so that the user caa be agive:r
hints that will help her ham reason teo the correct arciaer
A sarpple ot the scpipt o as provided below,

HEAT Bcript Bample

Question: Tou have completed your beeryjer coontrop dnngps
and tound that ali the compenents ate workbing
properly. Whore Lo oyou o want tee stapt ey i
inGpect 1on!

Combustion Chamber

Right Answer: IFiqht.



First, second,

Reasoning 1:

Reasoning 2:

Reasoning 3:

rimary contro
Right Answver:

First, second,
ansvers:

Message 1: YO
Message 2: No
1n
Message 13: No
ha

Transformer
Message 1: Nu
Message 2: No
n
Message 3: NO
ha
Burner Assembl
Message 1: HA
Message 2: No
In
Message 3: No
P
In the or
the audio to b
portion ot thoe
delivery of 1n
text on the oo

and third hints if answer is wrong:
Therec’s a satety check that reeis O
Select another chcocice.
Ycu need tc make a satety chiek ! 'y
aga:in.

Fcr satety, you need tc inspe.t The cormbus
chamber. Chocse combusticn c¢harber
1

Righrt.

and third error messages for 3pecific wrongj
U are not ready to inspe.t the tue, ine et
, you need tc think about satety te! re

specting the tuel line.

, 1nspecting the fuel lince now oan jresent

sards.

, the transiarmelr 15 an clectriocong bl SIS N

, You need to think alout satety tber o re

specting electrical components.

, Inspecting the transt rrer noow can presa e
zards,

Y

'soampultant Lo take pres aut oo,

, you need to think aboat safe? bt e
spectang the burner assemb |y

, lnspecting the burner assert oy neoa Vi

osent hazards,

1ginal conceptiaon, the proge-t cal e o 1

e provided by *he videodyse . The e
program was Jimited to natrataen ant the

structaions, toeedback was provided thrown
roeen. Althouch the Jever ot antepact o w



high and the program moved well, a deronstration ¢! dig:ita.
audio feedback was cunvincing enough that the client

requested a modification of the program. The seccnd vero.o:.
of the HEAT program in:luded digital audio feedback tor
2very response. Prel.minary reactions :indicate that the
digital audio feedbsck 1ncreases the 1nterest leve!l of te.
program considerabl:'. Us:ng audio helped the tra:ince

concentrate on the visual display of the equifren® beragre
1t was not necessar, to read the text teedktack.

Summary

learning is more effecst:ve when the 1nstruction s
deliverec through both the auditory and visual channe:..
However, 7BT appiicat:ons have failed tc expl.:% th:is . -,
This paper has explained the relative merits ct scveral
different ways of incorporating audio 1nto :nteractive (I!
Although ¢ach method has value, digital audio deserves
closer attention trom designers because ot 1ts distinct
characteristics.

Digital audio 1s a4 versatile tool that can cnhance
other audio presentations or stand alone to provide
interactive audio in video or graphics text-based CBT.
Digitized recorded speech 1s useful because of its
flexibility, its relatively low cost, and 1ts high v
quality and i1ntelliqibil]lity,
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