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Interactive Relationships with Computers
in Teaching Reading

Rene M. Doublier

1. Introduction

"Coincident with the Wide spread introduction of automatic'com-
putational machinery (around t'\\)enty Years ago),’ a’new science,came,
into being whose fundamental goal was to develop impirovements in
the techniques of man/machine communication. It soon became
obvious to the ”computer sc1ent1st” that many potent1a1 users of
‘ ,d1g1ta1 processors were thwarted by the difficulties associated w1th
: mastering ‘the very difficult, low-level machine-—language program-
ming techniques then avallable, and so (\vith invaluable assistance
‘fr!om Iinguists and grammarians), programming system a.rch.itects
set out upon the development of near- natural programming languages: :
which have since become known under such popula.r mnemonic titles
"as l'Fortran, " "Algol n "Cobol " etc. Yet, ,even with these vastly
| simphﬁed translators, the ultimate means of communication with

-;’machines remained an elusive goal.

‘~ “If computers could only speak; their answers k
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The {irst of these capabilities is commonly referred to as
computer-generated or "'synthesized speech, whercas the second
(and, incidently, by far the more difficult rta sk) is usually termed
automatic speech recognition.

The applications of such a system are too numerous and varied
" to attempt a complete listing in the pre sent paper. Rather, it is
our purpose to acquaint the reader with the fundamental techmcal
problems currently limiting the ""state of the art' in xnan/machine :
commumcatlons, and to present a possible model fOr a specialized‘
apphcatiOn, namely a "Computer-Ass1 sted Reading Educational |
System" (CARES). | | | |

It is hoped that, in the courSe of this exposition, some. of the
problems facmg the computer scientist 1n teaching a machine to |
k'speak and to understand ‘human speech will be recopnized as being

&

common to the teacher/human pupil 31tuatxon.




. {(synthesized) or e*:tracted from a received waveform (recogmzed)

Ij‘)"ésmsé}r‘ ;

1L Some Fu"n’darnental Linguistic éoncepts

‘base language. However, the awesome size of most unabrzdged

Speech is a form of communicatxon between human beings whlch '

mvolves the generatzon and receptxon of a rather complex acoustic

sxgna! The iirst ‘major decision facmg an architect of a man/machine

commumcation system is that of establishmg the fundamental lm-

guistic units which are either to be converted to acoustic energy

'I‘he most familiar language umts are, of cou se, words.‘ It
mi'ght seem natural then to propose that our strategy empioy the

stored characteristics of a table of words, representative of the

dictionarﬁes of, for exa.mple, the English language suggests that

mordmately iarge amounts of computer memory capamty would be ,' .
| required to tabularzze the characteristics of words and their various

de rivatives.

Closer exarmnation of the acoustic properties of human speech

~ reveals that we can express the elemental sounds of a language as v

“f.ia fimte set of discrete stbols. commonly called "segmental' E
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; ’produce"d {or recognized) by a simple concatenation (or segmentation)‘
“bf the‘s‘e discrete units. Uniortunately, three significant problems

~associated thh the Chal‘&cteliSLiCb of huma.n bpeech scverely comp11~~

cate the segmental phoneme approach

’ First of a11 continuous speech is not particularly amenable =
‘ “to discrete analysis. ‘ The acoustic properties of one phoneme are k

) -;not 1solated and readily segmented from those of the surrounding

phOnemes., Thus, it is difficult to establish phoneme boundaries, :

| ’_"complicate automatic (machine) recognition procedures based solely

on phonemic segm entatiOn.‘

Secondly, these ”Cha"acteii'stic" acoustic Propertie

highly c0ntext sensitive. That is, the properties of a giv n pho“ me

‘vary according to the ilinguistic and acoustic properties of the su

i 1ouuding phonemes;

Finally, there are significant VarlatiOnS in«"peec patter S,
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our smaller (phonemic) elements. * Until computer science deveiops
more advanced and cost et‘fective techniques of storing and rapidly

retrievmg the staggermg quantity of data’ rcquired to cha.racteriz,

a diver se vocabuiaiy of words, phrases, or sentences, it would
| appear that the only feasible technical approach to the synthesis and

recognition problems would employ phonemes as bas1c hnguiStic

units. Once that decision has been made, the next funda.mental
question to be considered reiates to the order of complexity of the

phoneme modifier rules.

Research completed at the University of Southern California s -

-~ Acoustic Phonetlcs and Hybrid Computation Laboratories has

; ylelded a sAt of phoneme characteristics and context-modiﬁer rules '

for Generai Arnerican Enghsh which have been compactly programmed |

in computers of only modorate size. (1) Employing these charac— .
teristlcs and rules, in co.ijunction with a Terminai Analog Speech
Synthesizer, researche rs have produced artificially generated:f L

: speech of high 1ntelhgibihtv and reasonabie natural quality. ';:; .

While satisfaclory solutions to the synthesis problem-havénék




L. - Some Add1tiona1 Thoughts on the Recogmtlon Problem

In demgning an algorxthm [or machine recognitxon of human
speech - we mlght hope to pattern our strategy aftex our best under- i

standmg of how the human braun decodes the speech waveform.

‘ Unfortunately, the actual mechanism of human perception and recog..n i

nitiOn of speech are only rather poorly under stood. : For example,
' »'little is known about the temporal span of the recogmtion umt.;, Some . f;;
researchers argue that the phonemxc level is the most likely, while :

others propose that the recogmgon process is accomplished at higher~"' ‘
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anuments would lcad one to conclude tlﬁt; at least on some occa=-_
sxons, it will be necessary to employ the more poWerful techmques
of analysis at hwher hngulstxc 1\..V015. If is the rese'u-ch and |

development of th1s minxmal set of rules which is the pr1nc1pal i

stumbling block facxng speech researchers.

'I'he foregoing would seem to paint a rathei‘ blea’k‘picture for
the immediate pot:ential of interactive (man/machine) communica-
tions. However, if we now focus our attention on a"p‘arti‘cular

| application of this capability, some simplifying assumptions_ may be »
rnade which will 'significant,ly redu‘ce the magnitude of the’lte‘Chn'o- ‘

logical problems which must be hurdled.

3 i, - Computer-Assx sted Reading Instructxon. The Model

One of the fundamental problems facing our educational system

; 1s that of promding adequate 1nd1vidualized reading instructiOn.

: "Classes containing thirty five to. forty students

are, unfortunately, numerous, Teachers of reading

" in these classrooms. complain that they cannot do the -
job, They mean that they cannot find time for thoro
- ongoing diagnosis and individual programs for th
i ~children who need mdivxdual help.!' (2) e S




ge
Doubher‘ &

" , iustruction'. The following is a brief deecrxpt:on of some of the

TR | essential and desirable features of a computer-based system for

, readmg mstructton. ‘

Sy Pupil Terminals - The pupxl termmal mcludes the interface

equipment for displaymg wrxtten text (either in phonic or lexical
,’form), recewing and converting the pupxl's spoken responses into :
d1gital data, and the digntal -to- analogl synthetic voice tract equip-' o
| ment necessary to produce artiﬁcial speech.,’ The graphic daspiay

- 1 would be best implemented using a cathode ray tube system, with
: ?’,the additional features of a movable cursor to pace, the student, an

.electrostatic pointer to permit the student to Synchronize the com-

puter to his posxt;on m the text, and a phonic-equivalent di splay ‘above

x'the leucal form of the word. T

(2) Instructronal Feedback The system must ha.ve the capability
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pronounciation accuracy" threshold, the computer w111 issue
o™

,’ocorrectwo mstructions as both grapluc and audible corrcctlve

responses (phomc, word, and/or phrase)

{3) System Response Time - The system must operate in as near
real tzrne" as possible. Significant delays in mput/output proces- -
sing would prove disastrous in a reading mstruction envxronment.

- Using as a basis the aforementioned research performed at the
Umversity of Southern California (1), itis estimated that a small, :
special—purpose processor, with 32K main-memory capacity. and =
one to two microsecond memory cycle time would provide sufficient -

computational power and speed.

(4) - Cost and Development Lead Time - Excluoing initial develop-

_'ment costs, indwidual pupil termmals (includmg central computer 5

processmg) could be delivered (m quantities of fifty pupii terminals) :V:, ;‘f-‘

at a cost of around $35, 000 per umt., AlthOugh this cost may appear

-,excessive, it shOuld be noted that the useful life of the system can be

; rea sonably estimated to exceed five years. The development lead-,‘:;

f‘time of the CARES system, assuming a signiﬁcant commitment on’

e f the part of ¢ a maJor computer mahufa.cturer would be les"s than v’”’




Page 10

special purpose devices that perform routine accountmg and con-
trolling tasks, And yet, although these machines touch all of our
lives in one way or another, their fullest potential to serve. mankind
will be realized only when we develop methods of teaching computet's -

to commumcate in the manner most natural to us, namely spokrm .

language.
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