s DOCUMENT RESUNE

BD 163 973, . . - - . - " IR 006 646
. " . i . : / ‘

~ AUTHOR Blalne. Leey And others‘ o *
TITLE . , Technical Problems in Implementlng Unlver51ty-1evel

o, cOmpugbr-ASSLSted Instruction®*in Mathematics and
~Science: Flrst Annual Reports Technlcal Report No.

-INSTITOTION . ‘Stanford Oniv., Calif. Inst. for Mathematical Studies: ,

o e oA SoCdal SCLane.NW_“M_ e e e et
SPONS AGENCY Natiomal Scidnce Rgundatlon, iashlngton, D.C.. . ' ~
PUB, DATE- - 21 Apr 78 . S :

_,;GBANT . .f " SED-77-09698 - : o -

- §6TE . 29p.; For related ﬁocuments, see: IR/006 6ua-6u7 "
‘ CL T - ; -

EDRS PRICE MF-$0.83 HC—$2¥DS Plus Postage. P b

DESCRIPTORS *Compuier Ass1sted Instruction; Computer Programs;
: ‘ COmputer Sc1ence, Data Process1ng *Educational ’
. 3 Research‘.ﬂgﬁhematlcs Instruction; On line Systems;

Lo St Program;ng Languagess *Technlcal Hathematlcs, . , ;
.\\ ... . #*Universities . ‘ _ '
IDENTIFIERS ,/{ *VOCAL - o " - L -

- ABSTRACT ' L . : -

. : Difficulties in implementing the EXCHECK/VOCAL B
'System, a general program for mathematics instruction wxitten zh the

* ¥OCAL language, are presentéd in terms. of informal mathematics : : _
proceduares, audio and .prosodic features, and proposed research.,
R“ferences are appended. (C!V) . _ . S

- .
o

) ) . . s o N
. ' P . . ’
. A i .
. ¢ ~ ) . . . .
. : : . co e e S
. . ‘ . e, et e e - s
: S R - . o Y.
. L. - . ) o o
. . ol -.,.\ . ’
' {

Y etk A ok ok ok ok ok ***************************#********##***************if

. % - Répraduction supplle& by EDRS are the best that can,be nade *

N A, from the original document. *
;***#*******************************************************#***********
. -/ R

re A Fl , . '.‘-‘ o _"' ) 4

-

\ V]



[ S

- .
. L
[ / : - \ -
.,' - - - *
- . - : . .
. ‘ R .
N .

R /- U\ DEPARTMENTOFNEALTH. .
NN - / S EOUCATION & WELFARE
! NATIONAL INSTITUTE OF . )
O o EDUCATION . o :
; THIS DOCUMENT HAS BEEN REPRO- .
§ o ;’/ DUCED EXACTLY AS RECEIVED FROM K N .
M | | DessosioaNToUNGS ST
O ; ?::::6 DO NDT NECESSARILY REPRE-
N /. SENT OFFICIAL.NATIONAL INSTITUTE OF
—i / ) - ~E°UCA739N POSITION OF( POLICY. .
X /
B = N S e 7 !
‘.I ' \ . // . J . ) ‘ ST T TS n s e e -
o . /,/- ~ TECHNICAL PROBLEMS -IN IMPLEMENTING UNIVERSITY-LEVEL
o/ ’ S .Y . - . .
. COMPUTER-ASSISTED INSTRUCTION IN MATHEMATICS AND SCIENCE: -
’ . ‘ s ‘ ‘ ’ - e ’ L
A FIRST ANNUAL REPORT o -
. .8 . .-
Y
‘ —~. - by
{l Lee Blaine, Arvin Levine, Robert Lad&aga., and Patrick Suppes.
4 . ‘ i , U S
ok . NSF Grant No. SED77 - 09698 - .‘
. [ . LY
- *
' Q.
) , . TECHNICAL REPGRT NO. 293 .
- ’ < - ’ 0 H
N Aprii 21; 1978.° . S “PERMISSION 'TO REPRODUCE THIS -
| . , S 2 ' » MATERIAL HAS BEEN GRANTED BY
2 LT | s o . v Robert Laddéga__'
. Sy ' Lo o
T " . ' RN . o 7 710 THé éoucmuomfa’esouﬁcssw
: : . o < INFORMATION CENTER {ERIC) AND
v ‘ P , D S S USERS OF THE-ERIC SYSTEM."
PSYCHOLOGY AND EDUCATION SERIES L T
’ o : - . e % .-
s - , - - N
0 NRRPTC *  Reproduction in Whole or in Part Is Permitted for « ;'
v. - " Any Purpose of- the United States Govern‘ln’e_nt . ' LT “-
' Y ! . N ;) N . . ~ ' C m~ " .v s _‘ v
g'." - .~ INSTITUIE FOR MATHEMATICAL ‘STUDIES IN THE SOCIAL SCIENCES -
S . ~ . STANFORD UNIVERSITY ) o7 . o
. ’ LR ) . ;
o oD . > . . N : . . -
Q) . . STANFORD, CALIFORNIA .94305 JERN A
* £ . -

= R :



~

' )
) . Acknowledgments - . g . )
“ N A . \ |'/ ! N ?
. - “ \.. - ! . .
. - " The authors\ wish ‘£to - thank the follow1ng pebple‘ for their °
___contribution to this report.“Lawrence Zaven Markoslan, James McDonald
Land Wlllzam Sanders. A R A
. L ' R .'
- 'For- their contrlbutlons to ‘the research condudted at the In titutea
and. described in this report we also thank: Barbara Anderson ‘George
Black Edward Boiton, EIhomas D1enstbier, Pentti Kanerva,  Ingrid .
'Lindstrom, Sten Lindstrom, Ter1 PettLt, Rona d Roberts and’ Marguerlte
Shaw- "_" ! ." - - . - w

I

Ihe work described in th1s
Science Foundatlon under "NSF Grant No.

report was supported by the Nat;onal
ED77—09698.>“/_~f’ o

“
.
'
.
’ - - .
- M A ,
-~ ~
. .
. .
L3
i} M - b
- . - ,
] =
- B .
: . - ~
- P .
N ) ’ N -~
’
<
B : -
4 M %}
L]
2 [}
. A3 . ‘ N .
o i ’ ~
s R T
) . .
i -~ .« . - ,
s . . Tt ~
- . Yo -
- ~ .- - - .
L N ¥ . . a° . v
a - hal . >
-
. - S
. - > Al .
. . - - ./
' . a«;. . 7 - - >
.. . . 6 S =
. . < .
: t
— ) . .
, . . . Gr. e
-t . - < 4. . N
e . . { . P
H . - .
- t- - 3 .
= -
. \ . ‘
’ . * ] - . ¢
~ - . - ”,
v
. ) oo -t
- - N
- . g . .
. . , Voo N
- .
- .
.. s
: : 7 ¢
- . * & . A
- : . . i .
> s -
)
. a
R, ’ o< . N~
e . 's-, ' B -
? . . . ) _
. LS : i
. . ’
. L ~ N 13 .
. ™ e ! - S
. ] h ’ -
. - . "
. .
> M e - 3
. hY .
° - ’
- hd < . - . .
. ¥ < .
- -
. [ B : . . = Lot .
- . - o B | .
. - » - - . o /
! . . . -
: L . Y, » = . .
.'\ 1 L] i N
’ v . . ) 1e - 1i . .
e A N :
P v | . . - : -
— D . .
- B ) -~
, h d

.

g,

4 « -

~

.

.
s
-
.
«
.
° .
%s [
'~
oL -
g
- t-
' .
-
o
0-- M
-
"
S .
,“
' - by
~ -
.r
.
. 5 * ~
=4
SRR
» LN .
- <5 .



2 . . .

{ Table of Contents g
\ ] " r~ - .
Section = | .. T
] : . - .
e eyt < e e e _t.:_ e e S o L e e
S / . . L.
5 . : ) ' T
s Acknowledgments . LN e e T e e .
. ooe S . . )
- 1. Informal Mathematical Procedures . ey mh e

. SR S General-System'Work' . . .« =+ o i
’ . ) " LT
1.2 More Natural Semantics . . . .

3

s N 1.3 Theotem Provers . .« = « « « 3 .
e Ny . - : . :
e E e ST _ - : -1
" L 1.4 | More Informal ﬂathsggtical>Procedures

. . R ) 1.5 User Aids ~=~ . « o s+ o & « = .

- . .
'

Ca , & \ . - P
- 2. ; +Audio "and Prosodlc,Fggtures R R

aq-er

S
o 2.1 . Data Compression Techniques : . . ~§

AR '2.2. :Improvements to the Syntactic Parser .
B é& v © ' 2.3 -Présodic Contours . .- . o G el .
a7 : , Ty - g .

. Coa e e T 2.4 Word fbrmgtion by c?ncatenation .« .

. %/, » ﬁ_dlléz.s‘l.vStudy of Prosodic Quality . . -« -

. il' - - ‘- L . T > . g . : G\
w7 v . o ) } ' .
A o 3. - Schedule of Proposed Research: . <& =« «»
L) . AN T
e

>~ 3.1 k} infqrmal'Maghemétical Procedures .

: 3.2 Audio and Prosodic Features PO

. Y.
-\ . . .

References .~ W e e e e e e e

R 1 !
R T .

| A \) _‘ . Al . . ‘ ) . . . i/‘. . . b
ERIC -~ 7 FR ‘
m.m....,m o . - . . . ) 4 o

(Y



- . . . . L.

- 1 Informal Mathematical Procedures

, -

“ . The work on infor/nial _machemaci.cal' procedures is being carried out
* as outlined on ‘page 82 of the original project proposal. We ‘quote from
v C . . r R - * .
L that page: n
“ . k]
s "Durlng the flrst yea'.;:“ the EXCHECK proof

checker will be redesigned not only to function as

. an interactive proof checker, but also to function
.o : as an interactive theorem prover capable of
accepting and executing complex proof strategies. .
«..Also in the first year, the mechanisms to
‘ 'implicitly handle sorts will be expanded to handle
{l_ o types. The resolution theorem prover will be
' N modified to make it recognize ‘more proofs that are -

obvious to the student. ...The new introductory
. lesson$ will be. begun in the first year...The work -
" -on the help system will be mostly ‘done in the first
. " year... Generally, during the three years covered by
PR .- 'the proposal, the search for ways:-of informalizing
co . the EXCHEGK system will be continued." ' .

Iy . . . . Ca N

‘y

" The. work on theorem provers is described in Section 1.3, and. the
work . on types.—is described - in Section 1l.4.2. ' Section "-_1.5.-1 |
Fd ) - !

<"'describes’ the work: cai‘ried out on the HELP sysi:em_ and the introdue'tory

lesson. General system ‘level work n;,eeded to :mplemenc the various‘
\' : .

changes to EXCHECK described in thls report, are' ou”tllned in Seccion

" i . B

1.1. Section 1.2 arn? Sectionm l..l» discg_’ss work done to infqrmall‘ze.

. 7 il . ,‘ N . a -y ‘\ . -~
Ty -the EXCHECK system. : . ' . T ’ \\

1a General System Work - '  .& %
:_,'1 The compiler for the VOCAL author I'engu‘as.ge-, the theory processor,
T S . : _ ‘ E . o .

. A e L e
the cufriculum driver, the proof checker, and various auxiliary programs

A
.

o L 3 . : . . o
. were restructured in order to create rmore unifo’rm\nodules out of which-
the programs could be constructed. ,Th'is‘has resulted in a considerable -

-

‘savings in runtime space usage as.well as makipg it- easier to genergte

>t
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> - Work has >continued during this " last year on faCilitating

- . . - i . R

and test new versions of the programs. New methods for speécifying the

parameters of the various theories were implemented making it easier and:-

faster for curriculum authors to specify theories and also resulting in’

/ . AN
. B .

a faster runtime system. -

e - The.. basic.programingml guage. (SAILSP--for SAIL with a version of

LISP embedded in it) used’ in the EXCHECK system was modified to reduce

v

explicit dependence on the LEAP features of SAIL thus facilitating the

rescructuring mentioned above. The. LISP garbage collector in SAILSP was -

. °

‘

improved and methods for more efficient transfer of s'expre551oni%from

file to core and from fork to fork were implemented. :
- ) | s v
. 1.2 More Natural Semantics . -
. One of the -most difficult problems in 'writink CAI prograbs:-is_

3 ' ) < v
developing procedures that permit the 1nteraction to take place at a
- -%

natural semantic level. A°lar°e part of earlier gork on the EXCHECK

«

system was directed specifically at this problem._ The IMPLIES rule_is\a

al. . -

.

good example of this earlﬁer work. It uses extenslve computation and

~ . a

heuristics to ensure "that the user*is not distracted by mathematically

3

irrelevant lozical detail. .,

The BOOLE procedure is a’ good illustration of another method of

placing .the interaction at a natural semantic. level. BOOLE uses a
. . N . ’ -

t.

decision procedure to determine if a given formula is:a <theorem. of

quantifier free boolean algebraJ Hence, students in set  theory and
Y

other tourses can use_ it to assert that such formulas are true.’ - o

S ~

°

1nteraction on a senantic level.. The REPLACE rule and the ABBREVIAIIOV ‘

. .

procedures A.were. complegely rewritten for this purpose. = Other

¢ :; L ° - .
!‘. v . -

- . o . 2
- -;':'. ..' . 5

A}

3
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procedurest particularly‘IMPLIES and VERIFY, were altered to make them ) '

.

.

correspond more closely:fto natural inference; . The ELFS procedures ) _
: \. ' ‘. \‘
described below were 1mplemented as part of the proyram of. extending the .

S nonderivation exercises. Also the VOCAL lanouage is belno con31derably /’\ _//

-

extended by the graphics and speech oriented semantics package deecribed

) Y
. v
i e ot = e cen it 8 e e e amean o 1m trim b e s e T i 4 e ng (ST e !
: - . . S SR VOIS PGSR P SNV ST
v

$ belOW- t e = . . . . )

- . ‘

1.2.1 ,ELFS ' .. N s
; “ELFS * is an- acronym for Expliciély Listed F ite Sets. The name
!) . hd - - *

comes frogqthe fact that s exS must'specify the basic sets by ekplicitly

-~ ‘ . .

T . listihg ~their-elements;/.- In the cufrent.implementation the,structure o

., -

dealt.w1th is the class algebra over -the set {O,...,BS} The language

handled is the quant1f1er freé. language ‘for this structure. There -are -

. (- S

‘“procedures avallable to determinepthe denotation . of any term and the

-

X .- .
.. truth.value of ~any formula in this language (assuming of course that the .
denotations of variables has been determined).l S . ) 7
” . ‘ Ih a typ1ca1 exercise the student ‘is esked to specify ELFS that : peas
. . - he . '__ //'

satisfyla given condition. For examnle the student uught be asked to/
- e N

~ - - . .

giye sets A and B such that the carte51an product A XBis distinct from B

S D
°

B X A. This is equ1valent to: A»v}s not- equal to B ,and -both' are

‘nonempty. Given 'values for' A 'and B the ELFS procedures can ea51ly Lo

compute the truth or falsity of the latter £ rmula. Also because these ,
- ’ : o : P * ; .
. procedures are available in the answer'analysis'routines qf VOCAL the © .~ .

- - <y N - v »

.éuthor can ea51ly formulate semantically based resnonseS‘ to student

. .
u

: . . . e o=
responses. Continuino the. example, ‘an” author mivht say in effect. 1f
C -‘l - ' : \'{ .-, ?' \,
. one of the-sets A, B,given-by the student is empty'ask'the student “what .
! . A . . .. . i R Y
is' the cartesian product A X B if either A o B is empty? . . . : !ﬁ Lo
& ) ’(> -7 . - a - . . - ‘/q ‘
R ‘ : e e A
): ‘ \L; ! ~ T . ' f’
: ? > .

o T . ’ - . '
te . 2 ' ) °
. L. . . : v
. . . ) - . 6. - .y -t -
~ ERIC —. N - S
- . ~ - - » . .
- . T : . .. - ' . : . :
3 . © . e -
R R A « . & Lo N ‘ . L . ., - . S N B ‘J
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The* ELFS represent an important extension of the_EXGHECK/VOCAL CAI

" system because they provide a semantic basis for the’ illustration and
f . . PR

“interactive -discussion of mathematical concepts. - Previously the

:" principal constrUcted reSponses allowed students were derivations. This

lim;%ation_placed a premium on skill in constructinp derivations, which

- e o s e - P e e e s — SR

is 0n1y one component of the mathematical maturity that the CAI courses.

<~ .
. . M . ° - '
- . B . .
. Sy

. . - strive tg develop.~ N . . o
7 1.2.2° - Extended Graphics and Speech Oriented Semantics .
a = . ','
_f ) B We. are currently implementing -a graphics and speech oriented
v ~ o

o semanfics package for the EXCHECK%VOCAL CAI system to give authors

. [

better facilities for presenting material to \students informally,

- 4 .
-

precisely,'and at a_natural semantic level using a variety of modes. In

- .
. . L ~

;particular it is now easier ,for authors to illustrate mathematical-

L . concepts and te specify semantically appropriate responses to student
v .t - .« -~ )

responses. Fundamentally this is accomplished by proViding facilities

. it \ ' /l ' .
for the author td’soecify ﬁpw forgulas and térms of languages such as
. .

the languages for set theory and‘iOOIC can be "'nterpreted"-v1sually “and

/ B v _ P

. . .

'aurally. . ~ . . : . .

For example, using the semantics packaoe, a graphic representation
o . - . . N\ & .
of a fact about 'sets can be' displayed for the student. At the same

e L L

time, audio comments can be' made us1ng the computer syntheSized speech

system. This combination'-is especially'.uSefui for introducing new

‘-ﬁ _ concepts and for testing~fthe.“stuaent's understanding of previously
. . _ . . 3 ’ . L .
M {fintroducéd-cbnceptg. S 4 : -
. - 3 - - . =R . L
« _ : The semantics/packaoe is designed to be versatiye and extensible.
Y -;) N -
o _ Not only can the .semantics of languaces be Specified but also the basic -
A?\ ' , . ' - . ) ) . & v .
' ' S ) T - :
L N 5
.\ * ' N ' ) -
Q * < 4 :’:-Q * [ . p

- o . . . ‘ .
ERIC | s
L~ N -
. . . :
K . * -~ . N
P v | . : “ . N R
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. -
display and ‘Ef-dlo commands available for constructing semantlcs include

most of the 5VOCA.L commands already available to the curriculum auchor. -

)

Among these basic commands are those which display, erase, br:l.ght:enl'and
- - [ - et

: unbrighcen areas on the {(Jideo-dlsplay screen, aed those whlch generate ' \\ .
\ audio messages. Other VOCAL commands Arailable fo\r:' constructing £ -
R semantics' fﬁéiudé “é‘omé - which ‘fedfui‘fe‘ -student interaction. <€o,. for :m"'_-‘
‘ P example, it is now possible.to d1sp1ay the visual seman;ic values of the .

subterms of a complex term separately, each followed by a pause

< .

. ’ - ‘ \7\. ’ ¢ . N
L“” requiring a student response before continuing. As a further example, ) -
. ‘ \- e v '. . . e . P N r
using the semantics package authors can easily create exertises -that
\ \ - g .

\ o . , . .
. require the studenf to input a term in an appropriate language. The .
. student ‘s respogse then can be displayed and compared, graphically with |

’

-
. correct solutions.

1.3 Théorem Provers . : . "

. - .
~ . v - =

. ) | vy :
- ™ Implementation of the new interactive nat:uralw)educt:ion theorem - .

- 1 a

prover has ,beg“un and the first version should be ginished» during the e

P e, hy
- I ! “- s 4 . . - Y i
first quarter of next year. Most of work so far has gone into designing ;

.
-

program control and data structures adequate for an interactive natural

deduction cheorem prover and .Jet efficienc enough for real time use.

- PR
. N é*n

- ©v 7 As an exa:nple, a signlflcanc operatlon in che new prover is the

i

natural deduct ion ;:)analog- of ‘unification: comparing two formulas to -

‘' determine-which (possibly empty) set of‘instan'f:;’.acions ‘would. make the ~

formulas equivalent. The pro'cedure that does this is\ called INSTANCE.

T . : ’ - ' v ‘,.,, ‘ ' /'\«

In resolution provers the formulas passed to unification are i/n a rach‘éq-

' - - - ‘ { . .

simple canonical form. In the new prover INSTANCE is applied to

formulas in -standard form., Hence there is a question of - time .
' ’ . ) d e ’

o‘ . / . . ) ) . T ; ' ‘ ' '."‘ . Py
e g . A ) { S _ ‘ , e
ERIC .. - 7 '- e

Aruitoxt provided by Eic:

~
¢
[

w



efficiency. "We have been able to design data structudes that permit
. ' - . '(\

INSTANCE to run EEficiently on formulas in standard form. In.particular,*

~

. . INSTANCE without idEntity runs in a time proportioni} to the lisp EQUAL
function without ﬁequiring that biconditionals, uniqueness quantifiers,

//§:§§§E} comp lex structures be converted to a more primitive form. The

-\
S INSTANCE seem no wbrse than for analogous procedures such as resolution

ufand in fact might be s1gnificantly more efficient although proofs

.

establishing this have yet to be done. The general data structures e
also designed to be efficient for identity. In both cases the design

greﬁ out of our work on the TEQ algorithm, work done with resclution
) - 3 :
ﬁhégrem provers, and consideration of various back-tracking and parallel

processing schemezj ) o Y

Substantial ffort~has also_been.out into designing top level data .

: structures and pfogram control capable of efficiently interactino with
/’\——

T . &
users and accepting complex proof strategies from them. A major problem
. -

here 1s~§tructur1ng program control so that 1ntera

tion can occur for

the proof while léav1ng

-

global j?,strategic decisions about how tG>

the pr cedures that handle routine work \\to : function‘ without
- \\ .

1nterrdption. The current version employs a multilayered approach to
~ ) i » -,

handle this prcblem. The user interacts with the STRATEGIST which in,

i L turn controls thel'routine work via .a’ subordinaEe procedure: ’the

¢ ' TACTICIAN Another benef;cial asnect of‘ this design is that, very

-

roughly, declsions made by the: TACTICIAN are local and have li-ear

B effedt while decisions ‘made By the STRAIEGIST ‘are global and can have,#
. //
_ ’ more than linear‘ effect. The multilayered design also provides ,a

P o .

‘natural basis for the acceptance and execution of complex strategles.

r

s

N . : . .
e >

— . - v - t ' N - L . o

. o

“'completities and increased running time’ 1ntroduced by “adding-identity-to- - s



~a ' ’ \ -
“ f . A " .
* ¥

they are passed directly to the STRATEGIST which in turn uses them to
¢ \ :

‘\ direct the TACTICIAN in its work. X
\' o Most of this year's work on theorem provers has been deVOCed to the
< strategic theorem prover, alchougb the current resolucloh prover hes
‘ been maintained and 'data eollecced for: use in the Qeyeldpmenc of;any new

i _.prOVerS.... Near _the beginning of this _year,: work _on__a. substantial . .

’

/ .
.revision of twe'resqlution prover was done in parallel with = -ly work
~ ~g , ' ‘ 4 « "
N\ ' " { ’ - g :
on. the strategic &rover. Most -of the results of "that work will be

incorporated in routines‘iq the strategic 'prover. s

[d . .
-

N o ’ )
1.4 More Informal Mathematical Procedures
) I.4.1;l. Informal Languages' and Proof Summarization '}',{ -
=

T s .
’ ' [} .

The outﬁut grammar is being'ﬁxcan&ed to include’a wmore informal

[mdae. For example, the extended procedures W1llfoutpuc { maps A into

rd

B’ xnstead of “f: A -3 B’ ‘and every element of B 1sign element of C~

instead of “(A x)}(if x in B then x in C)".

-Procedures afe_ beiﬁé developed thaz Jillb permit. effective and

-

. ) i3 - 1 y - -
natural summarizations of derivatioms. The procedures first organize
? . . . . N

cheiparfs of che proof on the basis of logic:l dependencies and then

> -

sammarlze the resulC1ng pares or the n%ls of che wmajor. steps. When the
‘ néw .informal mode of che output gramma: is eOﬂpleced 1: will be coupled

p e N ' *
with the proof summarization r-®cedures to procuce informal summaries o
proofs.. ' ' .
- - . Q)
F%s ’ C

C1.4.2 Sorts and Types _ .

.Work has begun on the extension of the sort machinery to handle the
. ~ ” - -

L)
-

"types' of functions; i.e., to extend the implicit sorting-machidery to .




-

‘could require updating the sorts and types of a great many objects.

bR
\\ -
N

compute ‘not only the sort of object but-also to compute descriptidns for

’ a
function that code how to compute- the sorts of their valueslgiven the
. . \\ . - -~ .
N ' .
sorts of their "arguments. This ecxtenston is. quite difficult to

eccomplish'efficientfy.as the introductioniofaa ncw type for a function

K4

1.4.3 Simplification and Computation
D

Work on providing students with more adcess to the simplification
. e
procedhres available through the REDUCE fork of the EXCHECK system is

a

still in the experimental’ stage. . Currently, students can use the

ALGEBRA command to manipulate identities.
ﬁxanple Of the Use of the Current
Implementation of the ALGEBRA Rule: *

4

. (8) P(A) +P(B) =P(AUB), . ‘ v
*8algSEBRA ™ _ ¢ . ' .
Schematic form: T . . ‘ - -
. ) _

r+t = xl _ s 5

Multiplicative factor used ko get new form *S
_ " 8 ALGEBRA ‘
(9) P(B) = P(AUB) —P(A)
" note: underlining\indicates student i;ggg, $ denotes ENTER key.>

. ) ,
) . . : .

It would be of great Value in the course in the foundations of

-

probability to extend the algebra rule :to handle ‘cases involving
. ¢ -

. . . - .
inequalities. . Thus, it would facilitate inferences‘ such as thet
. . . £ .

-~

followinéi_ ) .
- | 1. q—t;g r-t implies g lr . o . ©
. g_' q <0 & r«< O 1mplies q/r 3:0 .
R 5'_4.; & q >0 implies T'> 0 -
* ) _ ) P ) ! . . K

-
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Com‘plex* calcylations :ano].vn.ng‘yr dlfferentlatxon"’f and m't_egration _would‘-, —_
K >'\<_. i

N also be of great use in’ the course, “and ‘could 'be 1mplemented in "he-'

.o . R
BV T
.‘ . f oA l: - -

2

REDUCE fork (see Hearn for a descrlptlon of - the REDUCE langv.@age). The” . - -~ \
N o R - Y .

student should ‘also 'be able to do /very s:.mpIe calculatlons in

. e - " of L x o~ A
s preparatlon for -re§Eond1ng to short answer . quest onsa: . Rather than

.‘“,\'- S .‘-5' . . .

BN

. 4

T ge:rerate a call to the REDUCE ‘fork we w111 1rE’crporate a. caIcufa.tor 1nto ','
‘._.-‘ . ‘ Y AR Sl - . -

’ ] the upper fork of‘ the probabl'llty course. ,_Qne{ff’; ampl.e, of ,t’ne.-'kind of -
¢ . I . AP T g SR -

E calculétions m\‘)olved J.s the follow1ng. )

\ Yo, oa

~ . -

~.

_ Students are. asked to compare (f:Lrst 1ntu:1t1vely) the proBability

LN i \ - "

S o,f gettlng at least one 6 in fout throws of ‘a dle, to the probabllity of
. ' L R

throwa_ng at least one double—s:Lx in twenty four throws of a pa1r of

- . . - . X \. .

= dice'. People w:!.ll often assume, that the probabllltles w111 ‘be the same,

e

o .

especially if is po;Lnted out that”‘4/6 equals 24/36. A.fterwards the - = -

~

student-_"can calculate for hlmself prec;sely what ‘values th'e_.

' proba_biiities 1n question have. - Theyare: > T .

._ 2

" P(6.in four throwsj -1 = P(no 6 in four t_hrows)-

_ .'Q" _\ ' i . | =1 - P(no 6 in one throw)*{“. . ' B
% - o =1 - (5/6)° . '- |
= 0.518 ‘
© P(6,6 in’ 24 throws) = 1 - P(no 6,6 in 24 throus)
‘ N .l ‘=12 P(ao 6,6 in. one thr.:ow}24 T
N s L
— B . e - 0.491 . R .
o ) - ¢ .
C .- . . l.l.;..l; | 'I'nterplay .Betwe'en. 'i'heoretic and Metatheoretic Methods

In~the proof theory course results are establlshed in a metatheory

(TEM) for Zermelo—Franzcel (ZF) set theory. In’ partlcular, students have

.




-~ . .t &

Y .

PR to establlsh Jin the metatheory that. under glven COndltlons certain

T . - N v -
N - -{ P <

results are - provable in the obJect theory. The standard mathematlcal'w

- . ) . . . .

. :% h . method for dolng thls as to- szmply derlve the result dlrectly in the
L T . (

.J“f'p. obj;cc\theorx and then,use»th%s fact 1n ‘the’ metatheory. ‘}‘, - ;_A
i - '. Pr’ocedu;es havé been added ‘ allow , students t_:o mak'e, Such
. ‘(’ ’- lnferences‘?ln, the proof.;.;theory ogurse. T&o 1nferen.ce proced_ures are .

:[ ,1nvolved ZFSTART for starti;g‘a der1vat1on ;n‘ZF from the metatheory,‘

\ e T

- and ZFFINISH for finishing “the Her&vatlon 1n ZF and returning to thE

. ‘\‘ - , ) ..
' metatheory. After start1ng a ZF derigatlon from the metatheory prloro
y ' .
» results from the metatheory or the metatheoretic part of the derlvatlonq
. . 5 X
o may be referenced from the ZF part of the'derlvatlon. In the example_
'0 ) below,' two - lines in the metatheoretlc part ,of -the der;vatlon are
_ referenced from the ZF part of the derlvatlon. There lS a restrlctlon on
‘the form of metatheoretlc results that nay be referenced from 1nsxde ZF‘
" they must be7atom1c formulas of the form ZF l- F or. conJunctlons of such-
formulas. . : o R S
. - \ ) :
Derive: - ) - ‘ '
IF 2F*|- x=y AND 2ZF |- y—z THEN 2F |- x=z
Cowe (1) %ZF |- x=y . | |
.wp . (2) *ZF ].. Y=2-’.\ . o , : o
~*zfs$TART B ‘ : BT - :
kkkkkkdkkkikkkkxk ZF  kidkkkkhdkkkkkkx
S :
. #l,2teq$ (3) *x=z§ - ‘ :
Will you wish to specify? (No) *S . - - .
. ©  Using *250 " y : ) ‘ : -
' < 7 #3sz$INISd . SN .
, - N ' ***k**x****x;***************x*******k** Y
T 3,1,2 ZFFINISH_( T _ ' 1\ o
) () ZF |- %=z~ \ . _ .
. Lo e B : ¢
(S - S
L4 . r./ A ~ T R
< L___ < / .
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- _1.5.1?' HELP System'and Introductory Lesson

- shorthand method for enterlng terms and formulas.

- - . -

-

‘ The 1ntroductory lgSson for ther%XCHECK course% was completed thls
rO

‘~

J .
. summer. Student dOcumentatlon was updated and‘improved,‘to reflect the '

changes'in the EXCHECK system. Previously, the HELP system‘was loaded

*into the program only upon b°1ng called by the student. This reSulted
s / Ly
Cim long waits fon‘the HELP files o ba read in. ‘ The system was revised

\ o -

to’ permit loading Wlth the EXCHECK program, thus feducing thé wait

.

N

during a students first call to  HELP. The strongest barrier to

-

. - . . . N : . ) . .
extending the HELP system to its. full potential.currently ig?{:ebneed xo0

" - .

produce remedial, enrichment, and tutorial curricilum modules .to be

- T e . - . \/ .
- . : . -
N i
. . . N . ), Trte .

accessed by the systemn. o T - T o
: So R R
’ - RO N ) * - « .
. £ P . ‘. __‘.; . .
1.5.2 Shorthand for enterlgg,Terms and Formulas N ; L

A new notatlon system has been added for referring to par;s of

already accepted terms and formulas; This system prov1des,students a

L4

-

For' example, assume that a student 1s doing ‘a derlvation which

contains the follow1ng step- ) . - _.'. o )

]

(%) A is.a subset of {E: E is in pow(csn)} B o
. T -1iff . ;/,’ : o _ 3 .
B . Alds a ,subset of f(G&aa j. PR
The student could enter the formula - TN S

I " not ( A is a Subset of {E' E Is in pow(C D)}

. ~» and {0 T L
- | &: A is a spzset Of.f(9)>9:f' : | | - ‘\i';'

by typlng. not ( fm.4 l & fm 4 2 ). The expression fm 4 1- de§ignates

the formula that 1is the first: SubeXpress1on of the formula on. llne 4.

B L . N
- - > - . . N -
. . . L

’ . - é' . . ) ) _
: . . . Lt
.. . . ' . - .

~7
N
)

.
.
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LoE é Slmilarly, t:m. 12: 2 1' would desz.gnat:e the t:erm that - is, t:he first '
' N v 1/ ’ < - = N

BT
. )/ > subexpress:Lon Q%the of t:he second Subexpress:Lon of the formula on line -

' ';L -V S . "Desn.gnat:ors begxnlng wlt:h ‘ar‘e parsed 'by the graxmnar as’

—'./-’ - Ca .

- T; ;' .- formula 15 appropzlate. S:Lmlar_ly, des:.gnat:ors begmlng w:.t'h tm can
= ¢ -’ Is A .
.3 \afways be used J.nst:ead of the term designated. S I R
: o ! - ) > E N : "‘\ "’g :
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- formulas and heuce can be used in any expressmn at any point at whz.ch a.
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Aruitoxt provided by Eic

'-preliminary studieszof prosodic qpalicy are discussed‘iqlSectlon'Z.S.

LY

FRIC -

Cx -y .

e ' some Of “the data-compre551on t:echnlques, aﬁd do some .

L , . - v - o ’ * - .
+ - s ) -

. oL . - -~ ] > S - .
2 - Audio-and Prosodic Features : ' T

. . \rvj- - T . .
The work on Amd:.o and Prosodic Feat‘ures 1s proceedlng largely as

A -
\

outllned 6n page - 83 of t:he orlglnal oro_]ecc proposai.. We quote from - _

A < . . ) !
.. - . . . . ~
-

Al

_cha:c-page: | SRR S //
.. . ‘« i - .0 o ’ Y ) \I'.

- ©ue L .
C . L . - . b
s - . 4 -

_ . T “In the first year of this proposal, we wouId
ST . design - 3nd -build the MINI-MISS machine, 1mplement o

o \

. . preliminary studies on:the quality of the audio we
' are producing. We would continue improvements to'
prosodic contours. ~and che syncactlc parser and add
prosodic. contours. In particular, the syatactic . -
_"parser and - contour-generat1on producers would be
reimplemented for efficient on-line generation of .
. synches:Lzed speech. . '

o
.

. ~." .In the secoﬁd year, -we would ... simulate the/\ : |
congatenation of affixes to root words." : .

» ]

- R > . ——— .
% : Y .o - . .
‘ ’Ihe work done on data-compressgn-—te‘chniques i;t:o'nneccion with the

. . A .

de51gn of "the - MINI-“IISS machlne is descr:.bed in Section 2.1. The

»

v

b v o . ., . “ T
We also discuss improvements to the syntactic parser (see Section 2.2)
_ ; ‘

and prosodic contours (see Section 2.3).

.

As st?a'ced abov.e‘, we expe'.cted c_o_ delay work om an. algorithm for ~

. k<Y - .
. + .~
concat:enatlon of afflxes ‘to root words unc:.l the second’ year of the

. .

.g..

grant and t:o: emphas:.ze on-l:.ne prosodic generation in che flrst year.

' -

As expla:.ned 1n the 1nter1m report, it was n-egessary to exchange the

A
,EWO. Our work this-year on cgncacenanon is descrlbed in. Sectlon 2.4,

and our plans for on—~line generatlon of prosody are’ dlscussed in Section

" . - . .

‘. . . - .

"._2..2'.2.l S ‘ ST

N

Ty
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. . - 2.1 .Data Compression Technnques .
: Ihe present MiSS synthesizer s not suitable for duplicatlon for

- ’

use at sites redote from Stanford. The ase of LSI integrated circuits

;"-_ Y

- A

- and the removal of the generaliZed features"that are \necessary for
A\‘fb__ da - ot

'speech research W1ll allow us to build a ML&I-MISS mach}ne which would

I ' e . - .

: fulfill the requirements of a small- cluster of ‘remote. terminals for

. ~

uslng audio. The speech parameters woulH be transmitted to this’ MINI—

-

b - i

MISS machine via the same data-line connection that the: terminals would

< - \

use, although that data line would require a higher bandwidth to handle

. the additional speech—parameter load."Ihe same high speech quality and

?»

prosodic manipulations avallable in- the full MISS system 'would be

S, prov1ded to. such remote users_ with - the HIVI-MISS machine. e
‘Q . ’ . £ ,‘ . ~
R T Integral to the deSign of the MINI—HISS machine, we are attempting

to utilize the results - of recent research in speech synthesis. In '

4

particular, new techniques for mmprOVing the.quality of. the syntheS1zed:

>

.~ speech and’decreasing the storage ‘size. required to represent the speech

‘have been extenSively studied.- We'_have been dupllcating these’

- experimental findings in: the contekt of the MISS system. The importance‘

of conducting these. studies before committing Ourselves to a desxgn for .

,
-~

the MINI-MISS machine can be demonstrated Wlth respect to two SpeCific

- ’

issues, log area ratios ‘and covariance analys1s.' The use of delta—

s -

encoded log area ratio reflection coeff1c1ents holds great promise in-

5 P

substantially reduc1ng our storage requirements and the transmiss1on '

&

'rate for the WINI-MISS machine. The digital filters required for audio

owever, 1nc%§patible with those

4

deSigned for. the LPC parameters we_are currently using. Thus 1t is:

> e o Sl “;lfg.

e
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I8 - -

>

- before des1gn1ng and specifylng one of the central parts of the new )

> - L. e, i : .~

Y

.-' 5 . .
. . .

. , . ) N . . i . i , ' . EN . - .
machlne. Sk : : 5 . . ; . - :>

. - . M . o . , f
o' ' » ’ . - o /.-../‘ . - . /\,\,..

. 8% - . - . . .

Si mllarly, the use of. coVarlance llnear pred1ct1ve analysn.s 1nstead.‘

e

, -~ . . o \

of" auto-corrélatlor:l llnear predJ.ctlve ana"iysls would 1~mprove the quality

- 7 N : - ; -
A “of the syntheslzed speech. The covarlance technlques sometlmes generate )
LI L 4 -

N ' - ’ L' - s Lo

'1nstabn.;l.1t1es 1n the speech parameters, whlch unless_ overcome, fwould

- : - " LT ‘.‘ A

make th:.s techm.que unsultable for our operatlonal sy;nthes:.s system.* We .
< Y % “ R B

«

) : have found that the ” .llterature on covariance analysis understates the - .

\,; ) f ) -« -
s

‘o ) ‘e . N

- Y .
' - X .

1mportance of these 1nstab111t1e£ and we are - experlmentxng to discover ’ ) .
""r

if they can be mz.m.mzed sufflclently. Agaln, 1n th1s case, the design ~~

H

of the new machine is deuendent on the results of our experlmentatlon .o

¢

lh/.

“. ‘and duplication and evaluation’ of current research results.

~ . .
7 - - .. ..

N N

2.2 I@provements Lo the Syntactlc ‘Parser .-

< . s ¥

We have increased the complex:.ty of . th/e synt\ctlc sub-component of o .

.

the prosodz.c system in order to expand the range of construct:.ons which o o
- . 3 y

-~

LI 4
‘'we can accommodate. ‘Most of these extensions are ‘oot notable as . ]

~ >
-

discover:.es of new ways of pars:.ng but ‘are rather the outgrowth of S

7,

'selected review of the structures that were generated by the prev1ous
‘.’p'ar'ser. fOn_e‘- eXtension that is interesting is t_:he recogn_ition Tof _
‘ oo R ' . . ¢ -
dlfferent grammatz.cal functlons for words in some word classes.~ In :

s

d addltlon, streamllnlng the syntacth sub-component will be useful in the - .

: . .
n—-llne generatlon of\prosodlc contours.

-

. s . . - . .

’ A - 2.'2. 1 Multz.ple word functions and ‘homograohs _
’ Ihere are many .cases of homographs, rds spelled the same, but

. e

S pronounced dlfferently and hav1ng dlfferent orammatlcal functlons, ~in .



RN Y
"

.« . . ., .

> present tense' the' 'word is' hom'bphonous with "reed'.",;."’while' in -

. o . .
0 - . R S . . . . -
- - . d : . M : - . o

» .
L * : : Ca
. . = F

Eriglish. Consider the .case of. tWwo teases of the word "read®i ~In the

o o
v,
.

« o “y _: - .

“ tens it és homophonoys w1th red na Iar;ge class

‘Ve s wlth 1dent1tal spellmgs d:Lffer 1o pgonunc*ratlon dependme, On
?

e o , \
o -

wh:Lch grammatlcal functlon they fulﬁ&ll. - Many(nouns. and verbs a’lso have "

.'adjéc'tiyes-. and .

1

- - -~ e
.-’»,,;“_ thls property.-A Some examples of adJ,,ect:Lves and‘ verbs. with 1E(e\nt1cdl
.~ . . ._. dc_»; ) ‘qq‘ . - . .l_,l\l:
_; spellings. are: , -~ S e . : w. .
o R present (adj: current, vb: to g:.ve) -y
i LN " alternate (adj: other; vb: to switch betWeen 2 choices) .
- Z. compact (adJ. mathematlcal«concept applles, vb: to compress) /

-

~ Examples of nouns and verbs are. :

affix (doun: prefix-or suffix, vb. to add somethlng to. 2 base)
.y . “content (poun: material contained, adJ/vb happy/to make hap;sy)
e have improved our syntactlc analysis so that 1: chooses correctl*f in
i

TR

‘s >

" mdst cases the, correct grammatical function and consequently the corréct }v‘\\

. .
: o . b

sound for these homographs.___ In most cases,{xée have also had to create

. -

o’ ’ . .

fully.helow_, Section 2:4. - oL

-

J
o

2.2.2 . On-llne generatlon - ‘ ' ‘ .

. : While we had inltlally expected that a greater 1mportance ‘would be

’iplaced on the development of an on-llne generatlon algorlthm ‘than on
Ve . -

Lo N :
™ word formatlon,- the actual course of research has exchanged the two.

Our »preliminary plans for on—]_.in_e proof su_mmaries ia audio are to
x" )

precomplle, in parameterlzed form, the messages to be generated. For°

:- example, ‘consider a message type such as "aloha proves that beta holds

when camma is also true'l, where alpha;, beta and gamma are ° lace holders
Lamma . ! . 288 ‘ : P

~- “

for potentially complex phrases. 4 parameterized form of syntl}esizer

'. . - - . :

i

-

l ‘ ‘ . - - L rd : . N4
This word can also be a noun, meaning ‘a gift’.

. : : CL s : ‘o .

(S R ' : 16

one of the two forms of the ‘spoken word. This aspect is discussed more/

R3S
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commands that will generate corﬂEctly the static parts of tHe message

H -

and give a- good approximatlon for speaking the Specific material Eilling

in the,place holders will be stored withéthe routine for’ selectlng the B

4 -~

Jmessagé?“"During the next year of the grant, we w1ll 1mp1ement this.

¥

- - -

PR ) e [N
routine and evaluate it, trylug to esgimate the cost in processxng time
Nl . s

esula%ng 1n various grades of audio quality. o ff*\\f s

1; . . ® L. . . . . .
- ,2.3? Prosodic Co“tburs o - : di T -
L Tﬁe maJor development in our\*pfosodic contouring was the

2y

4 .
1mplementat10n of ratio intervals on tde pattern of musical notes for

b 13

the pea& pitﬁhes which we ass1gn to , ach word in an utterance. Fuller

discussion of this idea is presented in.Levine (1977), but the simple\\
A

c-“

idea ‘is that the’ targets for the pltches in ,an utterance take the

-

,relationship of muSical 1ntervals to each other. It has beenenoticed

.~

o I

(LibErman, 1975) that in ‘children ‘s chants, the intervals between woris

are approximately minor_thirds.~ We have carried this idea further and

are using ratios ranging from a quarter tone to 2 perfect fifth and

.

octave in generating our prosodic parameters. Using musical intervals

LI T e .

does not mean that the words are sung. We expect‘that- the musical

‘intervals sound -more natural than the”previous assignments that we were ,

; N o
usi 8 o ’ ) . P SRR o "\_‘ .
x ' 4

‘We' are currentl§ trying\to-experimentally determlne whether there

1s a( significant 1mprovement in student acceptance -of this form of

5

prosodlc generation over the previous (non—mus1cal) system. The actual

4d1fference in values of parameters is qulte small and, while the new

-

version did seem to us to be qualitatively better, we have not yet been

able'to-adequately prove our point. The proof is especially elusive

> f .

.
K

-~
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~

since the gomplex'factors affecting listemer acceptance of this speech

. .« = : . :
e 4 .

prevent us from isolating ‘the response td the pa%ticular phenomenon we

3 3 \\'_\ . . RN . « \‘
- /™ - . - A :
are 1nvestlgat1ng. . o . N . _ R
N We also presented some results, comoarlng our audio system w1th
v N ,
N - . . -
: . P . -

othe potential an& actual systems,-at the . Aconstic-Soc1ety of America,

\ . N N .- CoGe a
- - . -

S4th ‘meetlng.g OneQaper shoWed ‘that .. our word—based prosodlc model

°
-] . s

correSponds well to theoretical predictions developed by Klatt (1975).a

~ e

".A ‘'second paper compared the=rate ‘at which school aged children are able'

to adapt CO Synth381zed speech, ) LT

_ S B L : .

- 3

o 2.4° werd formation gj_concatenation . ' S -

F

o I the fzrst year of ‘\;grant .we have begun ~to. develoP an

algorithm that 411 automatically concatenate roots and affixes ig order

- R

situations in. €AT where such “new” words are required. ~One ‘is for

~

meéeting the needs of curriculum authdﬂé who may modify existlng 1essons
‘or design fiew ones which may introduce new terms or_use forms of words
‘which were not in the old curriculum. We mentionmed above the néed for

having both spoken verSions of homograohs available to ‘the syntactic

3

parsing system. Since the lexicon 1nftially contained only one spokenp

version of each word we have had to fotm the other ourselves. The other:

v
. . LY

v

need comes from 1nteract1ve prosodic generation. Tn its most general

form, the 1nteract1ve component w1ll use words which may not have been
(

3

..

and-phrases. Our approach to the production of new words has been to

develop;progressively automated techniques for concatenation. The more
. . - o N . o . ' . : ' !
rudimentary techniques aid us in expansion of the lexicon for -use by

-

\ .
P~ to produce_yords which were not recorded for our lex1con. There are"two”

in the curriculum, in order to respond utilizing the student S -own terms

.

L

/r

. -

-

2

.
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curriculum authors. in .modifying lessbns or producing new_.onesi’—\our:\\\;:
. : ’ s o . - ) ° .

. current procedures are suiggbiﬁ/ﬁfor inelusion into the -next, more
\/' ’ . ‘ . . ‘ ° " . . . - ~ ’ "'
. * . complex, stage of concatenation. L : ,
" LT s » v ’
2.4 1 . Reséarch on‘Concatenation o L
. . \\ a - ‘ ~!$ . -
Qdil first step ‘in this research\\zas to duplicate the .initfal

g
I
~ N

o

O research done by Lov1ns and Fqumura. This work, uses'a‘special set of
: e \,\ o
- ”demisyllables ’ each sounding-llke half a syllable, which can ‘then be .

-

'concatenated with’ each other to form a regular syllable or word. For -

'example, the "bi-" taken from the "bid" might be combined with the "-it"

. . . . » ’
taken from the word “sit" and concatenated to form the word "bit." We
. have_based our general procedure on this concept with the exception of

certain affixes (such as the plural and "-ed" endingS)'which are better

b treated‘as combining with a full root word whose last segmént has been

-

slightly shortened.' o . . ) "
' v

.One ﬁroblem that,became apparent when we implemented this approach
/i" s
is that since there is a need for a linear smoothing of the LPC

coeffic%ents at the concatenation boundary, we have to be careful ‘about

- ’ >

the resultlng segment amplltude. The'coefficient smoothing creates a

“new" segment at the boundary as part of the smoothing process, but we

do not yet have a good predictor of loudness for that created segment.

\\N - Thus we are subject to the introduction of: clicks and .pops at)_the

boundary;' We are experimenting with an alternafinz approach to
*

‘amplltude for 1ncorporat10n 1nto the WINI—HISS machine, which should

simplify thls problem. | h

Another aspect of concatenatlon that needs to be considered is.

~ assuring that .the re%plting word will have the appropriate duration. We'

g
-

23y
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Aruitoxt provided by Eic:

¢

_~ sophisticated linguistic information.

‘sub—procedure is used to create the appropriate dem1-syllable boundarles

_hand to 1mprove che concatenat1on. Finally the~actual concatenation,

> . . .
bt . L] - .
.
-

- are currently examining the algorlchm from klatc |(l975), in thls

’ -

respect. ‘We are also developlnz automatic procedures for 1dent1fy1nz

v

'syllable'Boundaries. Inese boundaries~arevcriC1cal for the development

3.

L. . ¥ : . ' . . . L

of the seC‘of demisyllables; and usable-rooc,words. Currently, we usefa\

measure of spectral dlstance, or how constant the sdund parameters are,’

to determlne where che vowels and syllables are in each word buc this
. > '

attempt * will cerCainly need to be complicatéd - to include more

-

. ' . - .
. \ . . - Pl - -
- \ -, X .

2.4.2 AddlCIOHS to the Lex1con

ot

1

While developing che automaCed procedures for word formaclon, wé
are already using the sub-procedures at hand to form Che words Wthh
. / . - ‘.

various‘coursesjrequlred. In part1cular, in the f1rsc,year, almosc 200

words were formed by hand, using ‘these sub-procedures. In general the

Y

mechod has been to start with a sequence of words in the vocabulary

>

whlch wlll *each contr1buteg§§Earc of the des1red word.- An automatic

for each word in the sequence. The boundaries then may be adjusted by

with p1tch, duration and loudness adJuscmenCS (but 'wlthout segmencal
smoothing at the boundaries)-are made. The newly formed word is stored

in ‘the general vocabulary, but is marked as speclally formed. Once in

the vocabulary, che word is used Jusc llke any ‘other LPC analyzed word '

-~
~

for sentence generaEion.f - , o
15 L. ’ . .
2.5 Study»of Prosodlc Quality ' ' : oy

e

During the course of thls year' we have been gacherlng data~on

-
-

0 26 -
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? comparlson of studenc preference for audlo w1th stored dlgltlzed phrases
as agalnsc audlo W1ch automat1cally generated prosodlc contour§§ The

' oA

- - - . <

S

- La third nonaudio mode. Preliminary results 'seem to indicate that

» ,

~ .

_student preference for audio as against'non—audip mode is no less when
. . A Y . ‘ . :
when the audio mode ig the synthetic prosody, “than when the audio is
. . ,; . . N
canned phrases. =~ ..

Further data is beingygachered during the current quarter of the

Iintroductory logic course. More detailed analysis will be carried out
on this years data durlng the final quarter of thls year of the grant

' ' ' »
~and in fthe firsc quarter’ of the next year.

4 : -

-

experiments involve boch direcc_comparison, and indirect comparison via
‘ X - i . . . “«

-
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"3 “Schedule of Proposed Research a .
’ ’ ,l A : = T " .-./l . 4
3.1 Informal Mathematical Procedures. ~ . .- ;j . -

The schedule for completlng research . orlginally proposed for the'

_.second year of the grant is essent1ally the same as that glven on page

82 of the origlnal technlcal proposal. L ”'h ' 'h .

-

-

The primary goal for the second year 1s to finish 1mplementat10n of
the firsg version of the interactive ndtural deduction theorem prover

and to refine “and "extend it on the basis of data from use in -the

-

courses. The . basic language for stating the proof strategies to be

accepted by the prover wlll be 1mp1emented and 1nformal languages for

proof strategles'wlll be\1nvest1gated (see pages 41-50 of- the origlnal

- >

proposal for detalls). The basic 1nteract1Ve mechanlsms for descrfblng

.partlal proofs to students and receiving further 1nstructlons w1ll be’

) - I 1
1mplemented (see page 50 of the or1°1nal prOposal) Reflnements of these~
5

methods wxll be stud1ed and eva!uated on the bas1s of data collected.
4

Procedures for g1v1ng dynamlc guldance o the student based on how the

- e
o

natural deductlon prover would contlnue ‘the students current work wlllf
N , \ /(

nge/lnvestlgated and 1f poss1ble 1mplemented at the end of the’ second

: N . . 3
year o - X . ’ . .® : . T . : R
. o - - " '. . . : . St <&

The computation procedures available to curriculum authors will be

‘extended in order to broaden and deepen the- range of possible exercises.

..
N

Particular attention will be given to assuring that student interaction

with the system during these exercises is at.a'natural]semantic'level.

-

" In part:.cular,. mechanlsmjwn.ll be added to evaluate express1ons in

’ . o _s .

: partlcular structures or theorles (where fea31ble of course). - For ’

example, truth or valldlty in class aloebras over Elnlte domalns, small

«
.\ : . e

-

PRPE. . .
- [ ‘ -

P
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',change are discussed in the semi—annual interim report. Because of ChlS‘

- . . . .

s -
—

-‘finite structures with'a binary relation,-etc; For further details see

& .
< .

pages 39-40 55 of the original technical proposal. .

The general ‘work on. informalizatlon of the inference machinery and

~ : . -

LR

‘continue. In particular, work on informal output languages and informal~

. proof Summarizations w111 be continued as. described on. pages '39-40,51-

54fofﬂthe original proposal.f ' . ':

Ay

Also general system work aimed at improving: space"or time

_efficiency will be c0nt1nued ‘as will such work aimed at facilitating usel'
of the system by curriculum authors (see pages 39-40 53, 56-57 of the

' orlginal proposal). . . . e <L LI,

¥
s
<

3.2 Audio and Prosodic Features:’

e

The schedule for»completing research originally proposed.for the o
second year of the grant is'substantially the same as that given on page&

83 of the origlqal technical proposal, with one exception. Work on*

'concatenation of affixes and roots, originally proposed for. the second

year, was uDved ‘to the first year in. order to meet the,need for more
vocabulary'in the-dictionary of stored\sounds.; The reasons for this

change, we have rescheduled the efforts. to 1mplement efficlent on—line'

-

o generation of synthesized speech‘ias descrlbed in oapes 63—65 of the

original proposal.

In -the next year of this grant‘We will also test the remote MINI-

MISS machine in the\field, and contlnue to 1mplement new LPC techniques

-2

(see pages 58—59 of the’ or1g1nal prooosal)./\We will. continue to study j

s

_the'relationfof,the‘quality of the synthesized speech‘as described on

L 4
. .

| C g R
A Y



' ' ‘f".. ! f
- v | -
R oy ) - . oL, - .
_55 pages 65—66 of “the orlginal proposal. The semantlc analysis and story--

[ - .
> ‘v1ew analysxs (see pages- 61—62 of thé original Droposal) w111 be added

-

to the total grosodlc analysxs. WQrk w111 continue on'concatenation and

C
1mprov1ng the algorlthm for digltizino ind:vidual words (see page 63 of
the orlginal proposal).. . . A
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