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AB§TRACT

THE COMMA CONVERSERs AN INTELLIGENT COMPUTER=-ASSISTED
PROGRAM 7O TEACH THE USE OF THE COMMA

3

Arnold Keller, PheDs

. - A A
Concordia University, 1982
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Uszno commas properly requires =a serious learning

L4

effort for most college-level students, and there have

been. several attempts to teach It through Computer-

Assisted Learning (CAL). But conventional frame-~based

CAL depeﬁds on sentences that have - been programmed Iinto

the computér in advance Instead of sept;nces thit a
. \

student might himself write. This mesns the resulting

. lessons are exercises In recognizing errors In existing

sentencesy rather than in the composition of ones which
4

are error-‘ree. The thesis of this work Is to show that a

"CAL program not subject to these limitations can be built

and run by usling " an alnorltﬁ;lc representation of knowl-

edges o formal model of the ‘student, and » metalanguage,

The  COMMA CONVERSER ' (or COMCON) overcomes such
timitations by accepting as Input any sentence the student
enters, creating an internal representation of It, and
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lnlélatlng a set” of -éxchnnges Qlth him about the

‘.obrrcctnoss of th; sentence's _commase. .Ihl; internal
representatloh Ils bssed on a pltterﬂ-blrgcbed i;ferbnce
system which scans the Input for key sentehce‘fedturei In
conflauratloni which in&lcntc a high Ilkclkhpoé tﬁat

commas should be wused or omitteds These féatures have

been identified by means of “a  new nmodel of )

Properly-punétuated sentence, based on observed error
. . -

behaviores Ih addition, COMCON bulilds e nmodel f the

studentts input sentence thit,shows the presence (and/or

\

sbsence of these features; and as the exchanges with the

¢
student proceed, this model is updated to include data on

the student's syntectice! snd semsntic perceptions of .his
sentenée. These dats permit more.precise Instruct on by
COMCON. The exchanges themselves are’ in the form of

7
"conversations" in which agreement Is sdujhi betqe'n the

student and COMCON about the use of commes with' the/

fottowingt  coordinating  and subordinating éonJunctlons»
nonessential and ° introductory elements, condunctive
adverbs, and about the elimination of extrineous commas.
In additions there is a HELP facility which can be

sccessed at any time by the student and which offers both

sl it -
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informastion and practice on concepts encountered during

the exchanges. " A receapitstulation of the session and some
s N . .
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'prlef@rengnlcfloq is glven at the end of - the 'qpt of ~ . ®
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COMCON s rather éxpensive to run because its logle

requires It to.squ\thg input sentence many times and its SRR B

1sl{e requires much neibryalapproxibitely 350K of an AﬁL&y
"system wusing an IBM 370).- This meéns widespread

Implementation must aewalt the 'advent.of sufftélently‘

C eers
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AN OVERVIEW OF THE THESIS

b
i

K

"This thesis describes and test§ the feasibitity éf
the COMMA_ CONVERSER 'Cor COMCONY, an Intelligent CAL
progrsm that takes as {input any sent;nce the student
writes. and enters - into a conversation about the
éorrectness of Its commas, Chapters "I11  through VI
present the program's design and deal with three 'main
activities:? bulldlnd an internal reprg;ent;tlon of - a
student's nlnput senten;p. model ing hi$ camma use, snd de-
siogning the exchanges between student ana‘system. To start,
however, Chapter I outlines the crobiems involved iIn dsfng
the computer to teach Eﬁgllsh and surveys a number of
existing proaraysf Chapter II is a critique that raises a
number of practical and theoretlculr ob jections ti
frame-based CAL. Chapter 1III begins the part of the

<
thesis which proposes the sotution to the problems of

- frame-=based CAL in teaching'writing skllls. It starts by

L]

discussing “the various ways one might represent the
knowledge needed to use commss properly and then offers

reasons uH? the production-rule formalism Js best-suited

- il - 4




to this application, Chbpter IV “describes SENTCHECK, the
pert of COMCOM that takes the student's sentence and
creates the internsl representation COMCON uses. Chapter
Vyevienus some attempts to model the student In existing
intelilgent CAL and presents the ;atrlx model used by
COMCON to measure the dlrferenc;s between the stud;nt and
its own "master performer®, Chapter VI describes the
sorts of conversations open to a sysfen that has qathered
Information of this sort apbut sentence. and student. It
begins with an overview of the program and a number of
sample, runs of COMCON before exemining {ts logic In
greater detall. It also discusses some practical
cons]derntions of Impiementation .lnd COMCON'*sS “heip"
facitity. Chapter VII.presents tﬁe main conclusions of the
study and discusses appropr late future research. Apprendix
I provides detsils of the model of a properiy~punctuated
sentence. This Is the model on which COMCON Is based.
"Appendix II reports a formative evaluation d;/CDHCON's
lhstructlonnl effectiveness. Finallys, I folIbw Bbden's

(1977) elegant solution to the problem of sexist langusge:?

let the suthor's own gender determine pronominsl reference,

- vill =-
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AN INTRODUCTION T0 THE DIFFICULTIES IN USING THE COMPUTER

¢

PR ' TO TEACH WRITING SKILLS . J

v

’ ¢ : . 4

. It Is a -melsncholy observation smong teachers of.

'unlklﬁo that the comma ls\noﬁ so often used as nisused.

o Hhi-urltlnq-skll|£ ln.génercl/ﬁ}e poor has been wéll-airgq
' to the point of cbunonp{ﬁcc! an overall decline in

) t fteracy throughout the culéure} the abdication of schools

in  the -teachlng of basics, the Impact of televisions and

so:forth. Hﬁutever the causesy, the unhappy fact Is that

.few college or wuniversity students can write clear and

~-coherent sentences., Using commas properily will not

instantly oproduce master writers, of course, since too
nqhy other factors are at worke But because the comms s
a logical marker that shows vrelationships among the
constituent parts of s sentencer, its correct use can do
much to clarify meaning. Post=secondary schools hgva
rebogpl;ed that remedlia)l courses Iin composition must be

given, but In times of budget cutting, the requisite small

Y
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fcnroll]ent: for these courses seea fn;rolslnoly

- threatened. At first blushy the computer appears like an ©
" Ideal solutiont It Is well=suited to the repetitive dri |l

' of fundamentals, and its cost h;s dropped precipltousty

. over the past twenty years, And §ndeed, there have o
number or  cttelgts to develop courseware to tesch fhe

comms aéd other components of the freshmen English

sylt abus. Unfortunately, nelther the products nor the

hd t

results have been outstsnding.

.

- ] - '

\\ Research- has shown that Computer-Assisted Leariilng
(CAL) can be successful In ‘certaln carefully dellaitad
ar eas snd usess A number'of research reviews report CAL

as asn effective suppleneng to traditional instruction

-,

(¢ notorlously fuzzy term), ~ ‘For example,
Edua?dsq' Nor tons . Welss», and- Van Dusseldore (1973)

L » N ' ) .
clalmed that CAL .was in general equsl to or better than ' SN

cliassroom instruction In e!ohi college~level projects,

»

Thelr survey alsq found a saving of time in learning (a

tinding the (iterature often gives) apd that ldu-tblllty

‘ . students benefited most. Thomas (1979) found good resultss -
‘ for CAL in sechievemant, retention, nd especially in !
o \ - | E
-2 - i ‘
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shortened lenrJlng time.. Heuswling (1979) basically lgfeod
with the findings of the other two) studies, although he
spoke somewhst more of CAL's “potential®, particularly in
the tutor ial aend drll[-nnd-praqtlce modes rather tﬁan

proplel-Ekolng, dnnlno; and simulation. He too reported

. v
,_that CAL's selif-pacing produced more raplid learnings again

for lower ability students., He did not, however, concur
about reéeqtlon rates, seelnn. them ds lower than In
traditional approapﬁes. He also stressed the‘néed for
tongitudinal studies to detefglne It 'expressed'enthuslasl

Is due to the novelty of the CAl mode ™.

?

N

K%arsley (1977) dealt with the conceptual Issues otd/a

Ki

" CAL, argu}nn that theoretical problems were grester

obstacles to success than economic or technical onesi He
worried ghnt the "premature extinction o? CAI™ was s redl
possibility wuntess research began to cohfront notions of
lqdlvlduallzed instructions mesningful assessment of CAL':
effectiveness, and ‘posslble interactions ;[ih coonL}ive
psychology and .artificial iIntelligence. White granting

4 .
CAL's potentiatls Kearsley ;tlll afou;d that "it wilil be

- . . ~
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" necessary to eng;ge in considersbly more theorstical :uurk,
and resequh on eonccptualalssues; than had.been tﬁe case
in the past (p. 15). A!thouohfthe relative brevity of

his paper dla not peTlli in 'depth analysis of ;nny

programsy Kearsley's comments are \entlrely pertinent to
, . \

most existing CAL.~

A far more comprehensive review of CAL is Rockart and
Hurtonfs report-to théﬁkfrneqle Commission (1975). - They
su;vey in so-; depth }ubﬁ major CAL efforts as Plato,y
TICCITy  the Stanfor? uotk in mathematics and logic, the
Florida  State programs in physics, and msny other
p}ajects. They delineate the major spprosches to
CAL-=tutor ial, drlll-nnd-prtctlce;;-dlulogue: geming,» and -
‘;o forth=--noting et the time of writing that although onliy
slxty~slxﬁ percent. of programs fell into the tutoriatl or
drili-snd=-practjce cstegorys ninety- five percent of the

money had gohe there. What had been the resuilt of such

expenditure? They come to the folilowing position:

* ) . - 3

"In SURmary the resuilts in the

v P
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drili=and=practice and tutorial modes of instructlion
are ambiguous at the university level. It does

appear ‘that there Is evidence to su;Port thelr use

for structured, repetitive kinds of materialy o .« -

possible misspplication of the technique vis—-a-vis
sub;t,ntlve course mater ial, plus the general- Fallure

to do.- resesrch on the impact of such sjstensp has

resulted jnfl feellng of disenchantment., Little new

work. except I remedial learning Is reported with -

regard to Initial presentation of the wmagteriat,y, and

no supportive evidence is availabte in the

\

{iterature® (ps 104,

/"

[ 3

The literatures, thereforey is difficultt to interpret,

especially since (as Hausmann and> also Rockart & Morton

) report) there is diffliculty finding well-controlled and

sound research. Yet there ]s evidence, though often

anecdotal, that CAL is effecflve in motivating students,

in decreasing the amount of time spent meeting objectives,

ands In the case of  highly structured and wmechanical
materisals In producing schlievements Whet the |iterature
often fall§ to_ consider or falls to demonstrate |s s

A

|
|
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- i transference of skills from the narrow objectives of s CAL
lesson to the broader cofitexts ‘of fearning. Transference
,°! tearning Is important sincd in CAL one prtsunably u;es,
the computer as a means to some fdather.lnstru;tlona! enda|
Moreover, since ‘e;lstlno programs oener;lly work wlth
"basic skilis, one would wish to see what Gagne (1965)
calls "vertical transference®; that is, the learner being
sbie to do more complex things as s resul of ';revlous

. instructione. This lIssue Is &lsbussed.more thorguthy
AY

below,.

»

The JJiterature that bears directly on teaching
writing skifls 1is even more . difficult to assesss both
. » »
P
because the of the dearth of controlled studies and the

refatively few proorn‘s that have been written. 0On this

fast points the data on simply the number and kinds of CAL

I

» programs thst have been written and Implemented show

comparstively - few that deal with . |anguage..

[ A
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As ’pnrt of their report, - Rock art nndﬂ‘\ﬂbrton
Surveyed all university ‘nstltutlons in the
state of Massachusetts in 1974 and ‘found thagi no
institution .reported any wuse _at all of CAL in their
English curricula at either the undefgrndunte or araduste
ledels, And this despite veryvconsiderabje use in other
disciplines. Rocksrt and -Morton also show & 1966-67
Southern Reglo;ll Education B&lrd (SREB) in which only
0«1 percent of students nationwide wused CAL in English
coursei. These floures are not surprising, of course;
because English departments are likgly to ‘BS far more
resistant . to wusing com;uters t han dlsclpl}nes in either
the natural or social sciences., Pact of” that resistance

R

is " often explained by the "humanistic™ nature ‘of English,
but a more reasonable explanation Is the recalcitrance of
the subject matter itself, That 1iss language and
literature are simplty far less naennbleito representstion

on a computer than mathematics or physics. wWe will return

to this key Issue, but for the nmoment, the emphasis is on

w
»
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"the relative scarclty of CAL in the Epglish curriculum.

-

The work that has been done s taskes the form of’
branching programs® that ask the student to respond to

\ store&a sentences and then route him to appropriste
| franesz Chapter II wittl discuss éht theoretlénl obJections
. to this strstegy, but fof NowWs it would-be useful to
review some projects which lndl;lte the range of uork that
hss been done In frame-based CAL fo teach English writing

skills. The first such prolJect §s quite typical of the

s,

simple kinds of branching programs one can write elfhar
" with "an authoring fanguage or with BASIC, The others,
while stil! depending on canned sentences, are somewhat

-

more sophisticated in progremming end oversli des lgn.’

»

- e e ob ow G S on W - o

* ®Branching” here means the ;sequence of frames to
which a student Is directed and which are contingent upon
the responses he makes. See CrouJe() (1964) for the

classic statement on "intrinsic programming”.

)
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Ktine (1977) developed.as set of modules intended for
drifl in an Engtish as a Second Language course, but nnn§
freshman or remedial courses (for examples sentence
patterns, nouns, verbs, phrases, clause§’ and
punctuation). He intended the lessons to reinforce topics

taught in clesss and he scheduled an hour on the computer

each day Iimmediately after ctlass. The lnstructlonnlr

strategy used began with an exposition of principles
sccompanied by appropriate examples, This was followed by

a series of muitiple cholce questions in which the student

\hld‘to select either the one correct snswer, the one urdng

]

entry, or the sentence with more than one  mistake,

6orrect or Incorrhct;'the student regplved 2 statement of

thi relevnnt principie invol¥ed; this functioned as an

lnstructlonal hedge against students simply guessing.. For
instances fregardless of having chosen "&ulth“ or
'Snltﬁjs", the student gets the following? ™"Both entries
are hroper nouns in listing number 2 and neither

cltatloﬁal form ends with a siblilant sounde™. Such output

IE qulté\typlcal of the progran which presents retatively

\
\

h

\ -9

of his toplcs are the same as those found In regular




.

.

.~
~

large amounts of'exposltlon followed By multiple choiée
questions. Kl}ne was not able to establish }’controQIed
experiment "but still clalmed a “number 'of‘ benefits
including a reduction of instructor time spent on reviews
eﬁthuslastlc student response, and "easier detection of"
student problenms. He did stress that slthough the CAL
modules were effective as devices for reinforcement of
mute(inls taught iIn the class sefslons’ . they were

of diminishing effectiveness when utilized as

self-instructional modules.
X

4

‘Th{nes (1972) produced a set of programs for remedial

students covering such toplcs as dictions speilingy topic

sentencessy paragraph wunitys sentence' order, snd S0 on.
. Written in APL, the tprogrems use prepared sentences and
paragraphs but often avoid the typical multiplie-choice
format by anlnq the student change \the words in a glven
sentence, For exa;ple, s student can transform the
compound sentence "He doesn't like her, but I do™ into
complex one ("Even though he doesn't iike her, I do") by
instructing the conpu}er to "DROP BUT" and "IN§ERT EVEN

THOUGH BEFORE HE". A few other programs sllow similsr

¥

- 10 -.
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manipulation of text.* Other progrems present sentences
sfong with one or two modifiers which the student can

plece after any word In the sentence. Since only one or

twuo locations are pq;nlsslblan the program matches the

rélevant portions of the new sentence against one or two
prestored strlﬁhswx There ate also simplier strategles to
evealuate responses. The spelling program prints out a

sentepce with s nlsapelled word and asks the student to

=

find it. A program galled SPECIFY €;ks the student to

enter & "G™ if a glven sentence Is a generalization and
wS" §f it is specifics A tesson on Ssequencing of
sentences within a given parsgraph requires only a List of

numbers to be entered.

Although Thames' overall strategy avoids a simple
muitipie-cholce format, the student still is restricted
since he cannot Jegally enter a word uhlék\foes not appear
* Thames does not specify the programmings but this |Is
cleariy the result of APL's power in bresking up snd

rearranging vectors of character strings.

- 11 -
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in the program's prepared ;entence. The ssme is true for
the lessons uhch\ deal with paragraphs: ‘ the
student cannot enter his owh toplc or supporting septences
but must choose from among those offered. Nonetheless,
the design of these programs Is quite good given the Gasic
I!nltatlons In anaiysing lenguages, a defjclency to which
Thames herself calls attentl&n although she rather naively
sees this as a storage problem and as a lack of f;peclal
routines™ to define grammaticsl rules, It is precisely

the lack df such procedures that Is at the root of 'the

4

.probiem of developing good CAL English iessons:‘and not at

ail a matter of Importing “complier aepproaches developed

for sclentific appilicatlions®™ (p. 309).

\ .
Thames® project is not a controlled study, but she
does provide a npumber of comments from students .

Generallys, the response s quite favorable, especlially

‘slnce her populetion consisted of students who had failed

English entrance tests and had to take her course. She
too noted that the ‘lower the lbellty of the gthdent, the
more useful was the CAL. ' \
- .
"IZ“
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| Perhaps the most ambitious of al! CAL work In Engllish

Jus been done on TICCIT (Merritl, Schneiders apd Filetcher,
1%80). (TICCIT is an l&ronyn for Time-shared, Interasct-
ive Conputer;Controlled. Information Television.) TICCIT
lﬁdludes work both In hardware and courseware, and claims

three sdvantages over other CAL:

. »

‘ll instructional tactics are bullt iny, not created by

Individusl authors;

2) the strategies teach concept-classification and
tule=using obJectives rather than nemory dritit or
problem=-solvings

3) the learners not the systems, maintains control over the
sequence of Instruction. TICCIT assumes that any

Instructional presentation consists of thrlnnry

presentation.forms® (rule) examples or practice displays)

and their el aborations. Each segment of a TICCIT program
teacﬁes elther a concepts s procedures or 8 ruie by means
of a wide number of display flles which the student can

select with the ald qf varlious sdvising devices which show

-13 - - .
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prerequlsftes for an obJective, descriptions of materlials,
and sample test |teams.,
It Is the courseware desion that makes TICCIT, In the

minds of its designersy superior to other CAL modes.

The English course that demonstrates TICCIT's design
includes a seéxlon on p}onoun-aoreeuent that Includes rule
displays such ast

"A ‘pronoun aegrees in number with its REFERENT.

Singular referents také' singuiar pronouns, Plurai

referents take plural pronouns. Singular referents

” which have no sex indicated take the generic pronouns

"him/he/his/™,

This is followed by an EXAMPLE display (with colour

student to "Edit sny opronoun in the passage below that
doesn't ‘agree In number with lt{q referent.” The student

f

types his answer (or sometimes moves the cursor) and then.

‘\\ ' " - 14 -
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receives appropriate feedback ("Correct"™ or "Wait. One of
the words you changed u;sn'f’even a pronoun.”) In some
6ther cases, feedback simply provides, the right ansQer,
much Jike an EiAHPLE display. A HELP mode ‘is also
avellabte to vprovide addltionll Information such L H
mnemonic dévlces, algqrithms, heurlstl;;. or various kinds
of graphics.

C/‘Thls outline of TICCIT's 'strategy holds true for
other toplecs. that are covered: . TICCIT's
design specifies the consistedéy of its instructional
loglce. (Merrlil et al. make this point explicit,)
The system, provides a great deal of exposition,
very nicely presented graphicss, but relatively lltt[e for
the student to enter othér then a single worde The
student®'s chief actlglty fies in his“setection of the next
portion of Instruction. This is qulite different from
having the ;ysten determine what to present next. "Indeed,
the designers specifically reject the ™dresm of &
maximally adaptive system” which coulh assess s student's
fearning style, aptltudes{ past achievement,  and
readiness. They argue that "A totally ad;ptlve sfstem; if

L4

it could be developeds wouild be maladaptive, msking




t

studénts » o+ o - 'spooh fed” (p. 10). ‘The natursl

,*:ivlronnent; they argue, (s not as adaptive and 4

orrible .nightmare® of overiy-dependent people ‘might

-

resul ts

v .

According to ~H:s designersy TICCIT helps sggdents

become system-independent: "When & student. lesrns to

. sefbct the next best displey on the systems he or she is

. A
also lenrpln& how to select the next best display In

< A
non~computer based situations” (pel10)s, This Implies, of
coursesy a transference ‘of . skills froi the Iimmediaste

teachi'ng context to srzgﬁR other, But evaluations of TICCIT

s -

don't bear this out, *i though TICCIT wusers at Brighanm
Young everayed 87.9 on & final exam (not slgnificantly
different fron'th; 87.3 for other oroups), the essay
averages -were no better th;n C-+ The essay grnd; wes the
same for nonusers of TICCIT "st BYUi although ,bn’ s
fl{p—polnt sgnlop TICCIT papers uer:}/ﬁ;Zk better thun

non-TICCI3'p|pers, srgn]flclnt at the .0 !evnl. (But my

+

own experience grading essays tells me that this sort of

A

scale IS much too fuzzy to be used In evslustions I ike the

-
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one horg.) Whatever the test scores shog; the clnlnedl

C independence still produced results which "leave lots of
| room ;or improvement in both groups (ps 124) and whick
developers had hoped'.}p. 42;). “Not surprisingly, st the

end of the section on TICCIT's ‘evaluation, the luihors

change thelr notion about student "fpoon-feedlnbfl "The

"model needs to be expsnded to hindie the evalustion and

sadvisement of students with different learning gplll;IQSp

& . lévels of expe;lenqe‘pith_ the course content, learning

" styles, and levels of motivation™ (p. 126},

]

The CAL progranm this theslis describes begins ult& the

dissatisfaction I felt sbout my own resesarch Into CAL 1In

English. Kelier (1979). descrliobed _an experiment which
measured the pbrfornance of students who had be;n taught
the same goursé in writing -mechanics. by one of three
. different delivery modes: a printed l}nelr textbook, a
br nted scramblied textbook, and s sult; of CAL lessons,

/#;:;7100 students used material that tsught such topics ss

dangling constructions, capitalization, the use of verbs,
. 7 ‘ . ¥

. ‘ the case and sgreement of pronouns, and most extensjively,
. j

. -
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the use of the comma. About ten to twelve hours of
instruction were produced. Typically, a lesson began with
a statement of obJectives, gave some instruction (often {n
the form of s model), showed how this Instruction might be
applied, and then gave the student a set of sentences to
be corrected. 6Genersllys, a student hidbto select the word

after whilch he @might add or delete o comms or c‘se make

other chudgei. {The mul tiple=choice format was ivoldedmns

much as posﬁlble, sithough not alwayse) This strategy held
for each concept taught (for example, ®a comms is wrong |f
jt precedes a coordinating conJuqctlon Joining two equal

elements™), and there were asbout three Quch' concepts per

lesson, At the end of the lesson» the student wrote s

20-item criterlon test, As with the three ‘proarnls‘

i
descri%ed above, a wrong answer caused the student to be

routed to a remedial frame or directed him to & particular
* &

_Page in the printed, branching text, 'No significant

,differences were found among post~test scores;

demonstrating thst simply delivering a course vias

J

computer made no dlrférence in achievemente.

"

o
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The following-years modifications were made to the
besic material and extra dritl-and-practice (DEP) frames
sdded. The research intended to test the hypothesis ¢that
edding drlll-ond-pracilce affected achievement., One group
of students received fnstructlon virtuatly Iidenticel to
the previous vyeasr's, A s;cond groups however, recelved
the slne.lessons with the following cnhancenentig sfter
practice , on pich concept, 8 student!s scoré was

calculated, and if he had not shown 100X mastery, he was

sutomatiéatly branched to a D&P sequence before belng

returned to the main stresm of instructlon. These D&°P

sequences contajned about threg‘to five extrs questlions
snd some further expoiltlonﬂ
/¥

However, the post-test scores showed that ‘although
both kinds of instruction were effective (st leasst In
terms of what wes being messured), there were no
significant statistical dirfefences between .the two
groupse. The nost‘ the results indicated ung fﬁat the
effectiveness was apparent et a higher confidence level
for the DEP groups - Clesrly, merely adding more drill and

practice or more remedistion without regard to the nature

- 19 -
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of that help was of marginal benefit,

Moreover, s disturbing fact became more “and more
evident. Although students scored very well on each
lesson's criterion test and somewhat less well on post
tests, exsmination of essays did not show improvenment
commensurate with test séores. This lack of Improveament
was in the very area that supgosedly was beling taught, and
not In“the nore difficult ares of style; fnd furthers the
yYesults were observed over several sections and seversl
teachers; the populations for both experiments  were
randomly selected from several remediasl sections. Slncé
the main objective from the. very outset had been to
Improve essay gradess the resuits were not encouraging at
alt,

During the next year and a half, the problem of
transference was confronted. Conversations ‘with students
‘revellcd that the high scores on the criterion tesés which
followed esch Lesson were the result of the student
looking for s particutar kind of error and solving 'for

~

- 20 -
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that one “Kind exclusively, For instance, the lesson on
us ing the coams with main clauses éesfed onty for that
skll;; all the student had to d* was detersine which main
clauses were presenty; check their punctuation, and make
the orrection. Indeeds the tests were not so much teéts
8s drills. At thaysuej tl(-ep this explained why the post-
test scores, although sh;nlng improvement over pre-test
scores) were not as good as Individusl criterion-test
scorest On the' post- test, many sorts of errors were
present, A stuldent could not simply look for a particulasr
error psttern--main clnus;s and commass, for example——and
make correctionse He would have to cealf upon his entire
repertoire of skl|l§ to effect the necessary transference,
but this he had not been fully tralned to do by lessons
which taught and tested one skil.l st & time, |
i

The literature on transference——the abliTFity to use

what one has learned In a different sltuatloﬁ-——ls varied

and often in disagreement., For instance; It may be that
speciflcs are transferred as Is claimed In Thorndlke's
(1913) identical-elenents theory; it may be prlﬁclples as

In Judd's general fzation theory (1908)3 or it may be

-2 -
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entire patterns and relationships ss in  various
transposition thoorl;s (for exanples, \Werthelmer (1939)).
Howevers as Klausmeler snd Ripple (1971) put Ity there is
this common orofmd: "the Individual must percellve the new
situation as belng similar to that in which the lnl'tlll
len,nlng occurred® (pe. ) 618). And aithough o‘ne can argue
that the cdncept of “the comms between two main cl auses®
remains constant whether one writes essays or takes s
nultipl e~choice quizy, It does not follow that'n fesrner
will fmmediately recognize the simitarity between
contexts, Indeed, to use Gagne's dist'lnct'lon agaln, going
from an example on a frame-based CAL lesson to the
criterion . or even post test Is a‘"lnteral" transfer
becsuse the tlskslue both s imitsr and at’the same Jeve]
of compiexity. But going from the same CAL‘ lesson to
essay writing Is a "vertical®™ transfer I'n that one must
produce more advenced or complex outcomes, It followns,
thens that effective CAL must provide practice jn varied

situations and not leave transference to the student's

good fortune,

-~
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Garrison and Magoon (1972)’ revle;n' & number of th‘e
ways In which teaching affects transference. These
include mbdtivatat ing st;gdents‘. incorporsting new materials
into past learning, distributing practice and reviewss and
generalizing the knowiedge and skillis being learneds They
also stress the need to provide for application in a
vu"l}ty. of situations. They conclude, that

*materisls taught in & rote manner or ss s process of

memor lzing fac'ts) or theorems will have 1ittle

transfer vatue to the appl ication of such facts and
theorems to other situations, even though there may
be some ;dentlcal elements present. How ever,
exercise in process and analysis does se‘e; to improve
the lkelrner's ablility to apply the exerclised process”
(po .242).
This suggests that CAL, Iike other sorts of instruction
cannot cause transfer to take ’ place wuniess It provides
ways' for tesching process as well as ﬁenorlzatlon. The.re
may bey, It Is true, occaslons when one simply wants a ’set

of discrete facts learneds but thls is not the case In

teaching writinge. .

- 23 -
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Gagne and Briggs (1974) llfo stress  "setting some
var f ety oNf new tasks for the learner--tasks which require
th; application of what has been lesrned In situations
that d'blffer substantially from those used for the learning
itself" (pe 132)¢ The exaomplie t hey cite happens to be
the t/ughjtno of verb ond pronoun sgreement. Achlieving
transfer here, they argue, requires more than nerely

taking a sentence and verying the pronoun and the verd

{(which Is a typical CAL strategy)e They suggest asking

the student to compose his own sentences mith pronouns snd

¢
verbs, rather than hsving him respond to the teacher's.,

Obv louslys | 1 {ive tutor can manage this wmuch more easli |
:\

then s computer; but the difficulties involved in CA
authoring -dp not obviate the need to do so If one expects

transference to take place.

) §

To return to my oun' researchy ' the following
years "links" were added between the lessans to provide a
context closer to that of essay=writinge A link tested

not only the knoulegge that was lesr ned on the |essor‘\

;

Y, v ke Wt

R, rvak




>

immediately precedings but the kt;onledne of all previous
lessons. This was done by s series of sentencgs’ each
containing three separate sorts of errors. The student
would be given the sentence snd asked to enter a cdrrec’ted
version. Hences the test required set of responses to s

variety of probiems rather than & single answer to an

expected class of probl en, To help the students the

program also taught the "IDT" algorithm (Keller, 1980)
which showed him how to "identify™ (I) places where errors
might occur (such as near coordiniating co;Junctlons); how
to "discriminate®™ (D) between what he saw and a model of
cor'rectne"ss he had been tauaht;. and flnu'lly, to
"trans'form" (T.) the sentence |if the discrinination
revealed an error. If these additional questions di d not
meet the ali the criteria for transference one might find
Iin the lijterature, they did provide more compiex practice
than b.efore in pr'ocessl,ng language since the student 'i had
to inalyze the sentences from several perspectives. :rhey

also pffered some of the‘&h weariety® Gagne and Briggs

specifieds They did noty of coursey take Into account the
’

truly important variety In the sys‘temt the student's
coonitive processes could not be matched by t he iimlted
. -25 =~
+
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number of answers which the program could evsluate,

~

T
Morfeover, there were numerous programming problems.

Depending on whether or not the student found ones two,

[N

or three errors, the program branched him )to
di fferent remediation frames, Since each |ink had sbout
ten to twelive questions, and each question h‘nd three
. errorsy 'sone thirty to chlrty-slx ssmpies of student
beh avior had to be cons.ldered. But for each of the three
errors, there had to be sepsrate frames for dlffgrent

response groupingse 0One gfould not glve the same advice to
t

student who got nothing right as to the one who ulsse.d
Just bdne. This led to rather elaborste programs, to" any
the leasty which quickty faced Inevitable combinatorial
explosions. Inple.éntatlon LLES beset by all sorts of
debugging before the lessons were used in cilss.

‘At t he same time, several new feature; Qere
Incor;;orated. In an effort tobulid up & sense of what

the student knew» he was asked why he made the particular

cholices he dide Since this occurred each i:lne he made an

Ra——
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errory eand since this Information was rather cumbersone to
collects  the process Itself quickly became an obstacle,
Indeed, s tudent frustration at being ssked

re'peatedly why he made an error led to the . whole project

being abandoned. A second attampted enhancement was the

incorporation of s punctuat fon slgoritha I nto the groorla'

itsel f.  Although the algorithm had been shown effective
in the classroom 1ts Incluslon sdded to.-the complexity of
programming. One had to make the algori tha availsble in
different for mats, dependlno on how far the student had

gone in the lessons. Againy this made for ‘'some elsborate

‘progr amming which took much debugging and which, indeed, a

number of students found - intrusive. - ,

However s despite the presence of the student model,

’

the uoorlthm,md sbove altl, the extra questions,

LY
students did not . improve their essay scores. They were
f ¢

.slnply unable to transfer the skills the individual

lessons taught~-and seemed to teach quite well judging by

criterion tests., Filve Inportant consideratjons did, hok—

evers emerge from this works ;

0
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1) simply sdding material to & branching lesson was not

golng to produce significant,

\
N

lncro{ses in schievements;
2) there was sh obvious need ‘to know more about the
student than his test scores; but the inforwation had. to

be.gathered unobstrusivelys;

~ N

¢

3) stthough an slgorithm could produce good resultss the
actual  teaching of it was probably best left off the
computer because of the complexity of Its programeinge.

4) a far more formal model of the properliy=-punctuated
sentence had to be forthcoming If the computer mere to

- o

have the necessary intelligence to teach;

5) most Importantiys what the student was learning was not
particulariy helpful to him In writing essays, where |t
mattered moste MWhatever skill was being imparted; . it _was

not that of composing error—-free senteéences.

rd

~

The research on yslng CAL for English writing skills,

s
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therefore, shows a distinct leck of success which Chapter
I, willi deal with from a theoretical perspactive,
What the research nakes cleary however s that
using simple branchlﬁg strategleg in . tutorials or using
extra drili-snd~practice does not 'delonstnbly pr%duce
students who urlte- better eassays. Indeeds the usual re-
search finding that low-sbility students benefit most from
CAI might be e;plalned by thelruneeds being so great that
they can be met by even the most relatively primitive

instruction. When better students and more compiex sklllé

-are Involved, much more Is needed.’

3 /
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CHAPTER IIt v
A CRITIQJE OF FRAME=-BASED CAL

Y

Green ideas slecp furloustly, Chomsky told us /;everﬂ
yesrs agoy ‘&nd  no green ldon slceps uorc furlously than
the attempt t; tesch tanouaac by computer, On one hand,
the promise ‘of.the couphter:to revolutionize instruction
repiln compelling; workers In aertificlal. Inthlilgandc;
coonlt{:;l psychologys sand natural language manipulation
?hrever' seem to be at the vgry <brink of a major
Srenkthrough that wiil dramstically chahge education, 'Bu}
the reallzut;on ~qf thelc visions remains remarkably
recnlcltrnnt--furlous lctlvlty .h-s not been translu}ed
e into a genulnc means of tcnchlno people in unys t?nt are

«lntrlnsl@allyl lnterestlno-fgnless one ckgnts s
interesting CAL programs which are llttie ‘Nore thn
pqogr.n-ed textbooks that hnpponed to have found tholT
" ways onté»conpuéers. There Is evidnnce that brnnchlno CAL

&o-s succeed ‘ahen the obJectlve is to teach eltmer very

t ]
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simpler well-structured things or cls; provide dritl and

practice. However, when we attespt to do things that asre
more complex--such s feach writing skills that can be
tfnnfer}ed . to @essays==there is not much reason In the
literature to be satisfied. Supposes however, that we
could buiid a "magic machine”, that i;; pProgram a computer
to take a sentence with errors from a student and',r;turn

it to him perfectly corrected. What would be the

lnstﬁectlonnl velue of such e program?

At the very lesst, it nouf&xsolve a number. of . quite

2 o

" practical pr oblems inherent in typical CAI

lessons In which a number of highly restricted responses
are predicted and the student simply routed to the

appropriate frame. One very practicat oﬁJectlon to the;e

1)

tessons, for instance, |s that.they are really branching,
!

programmed texts that somehow or other are being dellivered

by ‘\\colputer instead ;f 4 books There Is littie or at

best conflicting evidence (Keller, 1979) that suph

programs really worrnnf the efforts and costs involved.

&gcondp the canned nature of the lessons results lﬁ 8

[

(3
H]
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rather troubgdsone inflexibiity; I(If the student doesn 't
choose one of llternutvaSp the progrem can't do much for
hime And eny nttelpts to provide for more fiexibiity nust
qQuickiy face the perslstent‘questlon of Just how much can

be proor.luedn given the constralnts of the programmer's

[y

cleverness In antliclwating alternaste answers and the

probiems of storage and retrieval. For as the cbuputer

lesson increases in Its flexibiiity, in its abillty to

respond to a great many snswers, one faces an iInevitable
combinatorial expilosion of the things that must  be
probganned. -
g . | N

A nofe'potent obJjection to branching CAl== even }ron
the vantage point of the. most simplistic learning
theory--1is the . notion that learning Iinvolves only
discriminating smong siternstives., For this must be the
cease when CAL'IlaItJ the number Af things it witl accept
;s correct. huhether'fhe student Is asked to select from
smong explicitly offered options or whether he constructs
a response that must come from a discrete subset of all

possible answers- Is irretevant from an author's point of

view; in both instencess the program (s prepared to deal

- 32 -
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with’ only ;I limited range of answers. No doubt, a
constructed response Is preferable insofar as It forces

the sfudent/ to examine his repertolre without prompting.

But should he generate an unanticipated answer, the Ioblg

of the constructed response mode |s defeated (unless one '

considers it enough to say “your answer HaS not

+

expected--try again™). Indeed, consider the following
lond \ !
kind of dialogue! .

Tescher: Johnnys how much Is 2¢21 41 51 61 71 81\

-

Johnny: 3.

1

Teacher: "3" is not on my list of wrong sanswers. You have

to choose onily from the wrong answers I give you,

Johnnyt But I don't like your urong answer., ‘I like mine,

"a". : A

feicher: Johnnys ybu're s poor student, and I'ma- going to

put that on your‘report card.

e bt e A, = S bt
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Ludicrous as this diatogue may bes It is not entirely
parodic since Iin fact branching CAL does refuse to speak

to the student except on Its own terms.

' .
Thls‘ refusal=-~or to be mor e precisey this )

inablility-—-leads one to some rundglentnl theareticsal

obJections, Agsin idnlttlnd that frame-besed CAL hss o

place in achleving some very restricted teaching ;
3

objectives in drllldand-pfactlcep I suggest it cannot )

succeed In more complex instruction because |t violastes

i

some  basic cybernetic principles., The first of

these==which is indeed a central cybernetic .
princliple==Is the Law of Requlsite Varlety (Ashbys 1956)
4 A——

which tells us that inorderito cope with the variety of a

system, one must have at least as much variety asvsilabie

8% . that system. A student must be seen in
) a8 system context as a8 complex configuration of
. , ¢ B 1
LY entities who is made up ofs iInteracts with, lnf/ls part )
‘ 3
) - 34 - :
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As suchy he generates s large

afs other systems.
variety of errors. In a tesching contexts of course, one
wants to sttenuats this variety and riduc; the possible
number of responses to the correct one.* But frame-based
CAL sttenuates student varlety right down to some variant
of "A", “B%™, or "C™, o *

aeer makes this polnt in his discussions about
computers in modern soclety. fhéy are generally useds he
argues, precﬁsely on the wrong side of the 'varjety
equations That 1is» they don't respond to the truly
Important variety, the student and all the answers he
might make but rather "acgept much asttenusted varlety with

g time Jlag"™ (Beersy 19745, p.40). Although he Is not

talking about CAL specifically, his words are directly

& 3
appiicable:

* Assuming we can siways tqll what Is ®correct”™: jt |s

trivial perhaps In "How much Jis 2425 not so in "What s

khe mesning of Hamlet?.
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", . . it Is the computer that generates the
vaéletys and not the real worids, This Is quite
fundnn:ntal nonsense, We ‘are Qslng our powerful
tools .tO“‘autoult; end to elsborate the limited
pro&esse; that we --n;oed to nchlev; with the unaided
brain and qulll pen--processes which ‘our new tools
‘were invented precisely to transcend."™

Y : )

Applied to the work surveyed here, Beer's comments
sre entirely to the point. In all cases, the programmer
furnishes sentences, prompts, exptlanations, aﬂd so forth,
while the student responds with a letter or a few words
or positions a cursor. The control variety emanates from
the machines and as the author attempts to write more
etaborste programs, the computer's varlety is amplified
and ampiified again uhtil It reaches the barrler of the
combinatorial .exploslon. The st;dent; meanwhite, ;Its
rather quietiy by. But it (s his varlety of nesds and
learnlng skilis In which we are truly Interested, -ad

frame~based CAL does not react to that sufficientty.

.
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The second great cybernetic princliple frame-based CAL
violates 1Is s corroilary of Ashby's;lnus An optimal reg-
uln}or works when it Itseif contains s model of the thing
being regulstede This mesns that Iin order to teach someone
anythings one must have a pretty strong }deo of wuhat that
someone knows already,» be It fsct, fancy, ér procedure.

Again, Beer: | &

"A good pupil lg trying to Imitate his teacher . .«

he 1Is trying to bulild a model of what his teacher

would do In given circumstances. A good teacher |Is

trying to imitate his pupil « .« +to build a model

of his pupli's process, in order to wunderstend bhis
. difficulties (Beer, 1979, p. 235).

<l

Later on» this thesis talks sbout programs that
do try to bulld models of students, but these, as we shall
seey are very different than' the sorts of oprogranms
describeds and none of then teashes writing  skills, In

frame-based CAL, the typlcsl student wmode! is the one

based on easy-to—gather informationt rlght and wrong’

answers, the number gy tries, time spent at a terminal

nnnnn
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(often down to miltiseconds!), sggregate scores, and ‘so
on, What |Is not collected Is exsctiy, however, what one
would 1 ike to kno;ﬁ why did the student respand this way,
how {Is his understanding structured, In what way has/his
v;riety been attenuated) how do the questions we s him
bear on what both he and we want to achieve. No one Would
ulﬁlulze the difficulties in answering th;; questions;
we labour wunder all sorts of cé;straints trying to
undersglnd our students., But as Beer puts 1It, "The
constraint thet wmaybe we don®t know in the least what we
sre talking about Is the most practicat of them all--and
the most {1ilkely™ (Beer, 1981), Freme—-based CAL does not
know the students [t teaches except in tne most

superficlal of ways-= criterlon test scoress, number of

right answers, paths through a serles °f, branches, It

confuses. what 1Is easy to know with what is lmportant to
knows, and so cannot'bul!d s useful model! of the student It
tries to teach. Without that model, It cannot regulate

behavior. ‘
The third major cybernetic falling of frame-based CAL
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is |Its lack of a metalanguage, a ;enns of describing what
happens through the whole ;f@the Ienrnlng..process rather
then Just st |ts lower levels. Gordon Pask (1967}, for
example, recogn{zes at least three levels of discourse In
computer tutorials with three corresponding languagest L0,
Llf/Lz. LO is the language most commonly found in CAL, and
through It, the student responds to the'questlons of the
tutorial program. L1y however, is s metalangusge that |Is
used for discussing the strategies that exist at the level

of LO. "1 problenaso!vers reorganize, reconstruct, and

repair the LO probtem solvers . e o" In turny L2

discusses strategies that exist at the L1 level. lThls
permits one to speak, In effect, of strategies adout
strategles., Pask's work Is Intimately connected iwlth his

epistemolopical framework of° entaiiment structures, but

even without Incorporating them Into a CAL lesson, one can -

see that thére have to be ways of conn:nlc-tlng-bgtueen
ﬁarts of the whole learning system In | snguage capable of
step;lnn outsides as- It weres the immediate concerns., ® L2
cqn do this because it functions, says Pask, as an
“executive® which %directs 'the attention of the student

and sllocates the ‘'resources' of LO and L1 operations®

- 19 -
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(Pasks 1969).
) . v “ -
Interestingly, the TICCIT progrsm acknowl edges the
need for such metalanguages. Bunderson and Faust (1976)
note that "It is important to recognize that all major CAI
-

systeﬁs developed over the past twelve vearss with the

exception of TICCITy have worked primarily at Level 0.

The drill and tutorln!_proornns written In \exlstlng CAl

i enguages have only occasional instances of Level 1 and
Level 2 functions® FBundersop and Faust, 1976, PP
75-76). TICCIT's great emphasis on {esrner~-control over
the sequenct of lnstruct@on comes from its objective of
helping students become independent and develop better
strategies. To thst end,» |t has extensive "udvlslng“
bulllt in to the system and uses a "metslangusge™ to foster
galns in learnﬂnq strategl}s; attitudes) and
responsibility. It does $0  aware that: the sacrifice of
suthor control maey result in less effective learning. .And
indeed, evaiuation ?f TICCIT*s English course has
shown that complex cognitive skills are not fully learned.

My own suggestion Is that It 1{Is not the cybernetic

- T U dewne o ey
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principle Implicit In lesrner-control that is at fault but
rather TICCIT's faijure to observe the first two precepts
for .d;ptlve controls, requlisite variety and modeling. In
any event, most. CAL does not even begin to consider

metastratgeles and metalangusges,

From the foregolng discussions one may conclude the

foliowingt

1) Iq an effective CAL lesson, !t must be thg system that
Is tesching which responds to the student's varlgty,. not
vice verss. ‘Therefore, a lesson must be .able to sccept
any and all student input, This means thet it must
represent the subject matter In such a way as to provide a
framework for lng:rpretlna anything a student might Input}
2) In order to reguiate the varlety of the student and to
be able to make the full range of requisite responses, an
effecélve CAL lesson must have an accurate model of the'
student, one which reflects the pertinent substance and
structure of Knowiedge rather than such things as scores

on post tests.,

, ) - f] -
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3) An effective CAL lesson nust:do more than simply permit

low=level exchanges sbout solving problems} it must enabfe
the student to develop tactlics, strat §Ies, and even
letn—s;rtteolcs. And it must hav some means of
"conversing™ st the appropr iate levels of discourse among
all Its components (Boyd, 1971).

I believe these three considerations lr¥ essential in
' * " ‘\ '
Veuchlng complex cognitive skills via .L computer. As I

L

have saldy, perhaps the reason why low abifity students

benefit more than sbler ones is that thé sklfls thexx tack
sre ones simpler to desérlbe and encode, so more amenablie
to programs that sfress rote’ aenorltg&kon or provide
re?etltlve drill, As suchy it Is not s0 cruclsl to
‘program ltheu with vast amounts of sophistication,

" But without this sophistication, the higher snd

truly Interesting cognitive skills are not going to be

o

-

taught., .
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o
Satisfylng the three cybernetic principles. that
ha&:/pgen described would-produce the key elements 1In o
generels, intelligent program that would be: free of the
necesssry rigidity of the frame structuré.' The student in

such a pro&raa could generste sentences which then could

be desit with in ways far more powerful than frames,

" Something like this |Is doney, in fact, with a number of

programs which teach wusing some of the techn‘gues pf
‘artlflclnl intelligence (AI)se (The following, for ;;auplet
b'Shea (1979)3 Smallwood (1962)3 Kimball (1973)3 Tait et
ale. (1973); Goldberg (1973); Goldberg and Suppes (1972).
9ut-4bq say the obvlous--th!s Is not so easily done with

3
tanguage instructlon.

#

Nowsy In fact) we cannot wuse AI to bulld a 'nag[c

'uachlne" for weiting skilis, and there |is serious doubt

that we  ever <can because we csnnot f%lly manipulate
' <
natura} Ianguages There exlists no. satisfactory way of

representings for Instances all the’ contexts which humins

- 43 -
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4 contt,t) have been taken by people, not

-

 they %understend® .2 sentencei* Indeed, the

use when
successes of Al have been confined to problems that have
been e’refully choscn;ngd In which ihc kéy decislons (f&r
exshpl ey uhté ‘Is or Is not essential in a particular
computers,
Winograd (1972) s en excellent example of limiting to-
"alcroworlds” the context with which a program must deal.

The solutions of Winogrsd and other Al workers are oftenxu
britiiant, but they are also decldedly ad bogc and so0 or’
linited generalizability. Whether or not this r?arcsents
s dend end for Al itself is very iuch a matter of great
dispute, however, .

It does mean, that Eransporglnn Al

~

.techniques to CAL s not dono,gns!ly or (nu}be) not at sil.

-

!

)

But doés this mean that one s forever confined to

the CAL frame and all its dublous assumptions? I think

not.. For Just 8t Al hss developed ad hag solbtlons to its

.

* Hubert Dreyfus (1972) mskes the case for tho'phlloséghlc .

necessity of these contexts in his ¥hat Computsrs Can'fh

Da.
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prqoblems, so too can I aes & coursewsre author. My

‘a

solution will not satféfy €nhe. AI worker, but that is

because we aere working .on different probiems. Nelther
will it satisfy the educational psychologist becuu§e I o
less concerned with producing a theory of instruction than
producing systems that tesch peoplesr even |If one can't

v

always say why. As sn educstionsi technologist; my te;t

e

is a pragmatic onet _does’ a system Iimprove learning? This

ﬁ
Is qu]te different / /m asking whether the strategles of a

CAL progran ak‘ geperalizsbie to notlons about
intetlligence, machine orQ::ibq, B

e, '

OVERVIEW OF THE ATTEMPTED SOLUTION

.

The uork_ dsscribed In the rest of this thesis Is a

~

proposed solution to the shortcomings of CAL that I have

outlined. I propose to test the feasibiliity of
constructing a system to teach English that can take any

sentence as input snd enter into a conversation with the

- 45 -
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student about its correctness. In order to do this, it
will be necessary to model a properiy~punctusted sentence
and to develop programs that can use such a nmodel to
determine where the student sentence falis. The proogrems
must be sble to see an anslogy between what the student
has written and what the model shous. The work also sust
éﬁvelop s model of the student, both for each individusl

sentence he enters and for the series he enters over time.

N a

Finallyy It witi be necessary to develop conversational
GOICI;S which csn be used to discuss each input sentence
and overall learning strategies. The result will noﬁ\:;‘a
magic machine that will produce perfect versions “of
Incorrect sentences.® It witl, 1 think, contain the basic

»

1S . »
D e S S e S R T

¥>Indeeds If such a magic machine were avallablie, it ndhld

‘hnvi troubles of its owun to resolves Consider e student

who knows very littie about commas entering a sentence and

getting back a perfectly punctuated version. What has he
fearned beyond the right snswer? Is that sufflc)ent?

Should he Hhave recelved partial corrections and some

Instruction? A hint?! .What? Human teachers often face

e et ©
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slements to §|tlsf§§§if criteria for an effective

CAL system.

AN DVERVIEW OF THE REST OF THE THESIS

. ‘ . :
The work described iIn the next four chapters falls into

three main parts: building an Ingernal representstion of

the input - sentence, modelilng the student, snd designing
N |
the exchanges between student and sysgen. Chepter III

discusses -the varlous wsys one’ night represent the
. ¢ \ 'y
knowledge needed to wuse commas oproperiy.. Chepter IV

&

these same questions which a conbrehenslve theory of

)

instruction would answer. But we have no such theory.

- 47 -
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)
describes SENTCHECKs,: the part of COMCON that tekes the

studefit's sentence snd creates - the ./%pternol 1
fepresoptation. Chapter V reviews some asttempts to model
the student in existing iInteltigent CAL and presents the

matrix wmodel wused by COMCON to measure the dlfftrences v

betueen the student and COMCON's own ™master performer™,
Chapter VI describes the sort; of conversations open
t; s system that has gathered Information of this sort /
about sentence and student., I also discuss some prac@lcal
considerations of implementation and COMCON's ®help”

]

facility.

- ORIENTATION

¢
‘

One point shouid be emphasizedy I thinks This is
very much nn'exgrclse In educftlonll technology, not in
artificial inteiligence, goanltlve ps ychology, o} natursl
language programminge As suchy its chief concern lies |in

the pedagogical engineering probliems one faces in putting
t .

9
-

- ‘a-
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lesrning materials on s computer. This is not to say that
there is no connectlon between educntlongl technology and
" any of those other areas; indeeds COMCON ‘us utny debts to
all of then. But the kind of “quasi=-inteliigent™ CAL
described here belongs In territory rather different from
art,lfl'c,lnl intel tigence or cognlitive psycholopy. The
thesis does n:)t attenpé to bulld(ganeral‘ theories of
learning or intelligence as much as It tries to find
engineering solutions to specific problems, It does fake
whatever other discliplines provide=-transfer of learning,
production systems, parts of Conversation Theory, and so
forth--and tries to Incorporate (then into e working,
viable systems Cleariys then, whatever is orlglmi here
witli not be of grest moment to person: bulliding
theoretical models or Llanguage or (earninge. Jn hope,

however, that coursewsre authors will find things of

value, and It is to thelr concerns thnt i ad‘dress nysel f.

- 49 -

x

o SRRSO N, e .. RV

-

.
'

v
v
A e

s




CHAPTER ITII:

USE OF THE PRODUCTION SYSTEM TO REPRESENT KNOWLE DGE
ABOUT COMMAS IN ADAP{YIVE COMPUTER PROGRANS

4

L™
The formallsm needed to represent a body of knowledge
I

Is not necessarily the best In fornyl terms but rather the

most practically appropriates Choosing one representstion

‘aver lnofh-er is very much a process of thinking flrest of

the kind of knowledge Involved and what one wishes to do
n’lth it; there is no philospher's stone of represention
that witi magicatly copvey all knowledge iIn the pest
possible wsy. Therefore, the following discussion begins
with a description of some quite specific tasks related to
teaching. the wuse of the comma, argues that the
production system formalism s the 'nos’t sppropr late,

looks at some possible nlternptlves. and also qlscusses s

~ number br inteltligent CAL programs that have used vnréous

representations including production systems.

.
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My poal Is to demonstrate the feasibility og\a Progras

to teach the use of the comma to c’oilcga-lével students.

The starting polint Is a structural model (des¢ribed -

in full in the Appendix I) of a properly punctuated

English sentence. The model identifies the ‘conponents of

the sentence and shows how the comms combines with other
) items to /mark logical relationshipss Using the mode-l s

guides s student——or a computer——inserts or del etes commas’ '

under a number of sqeclfled conditions. For Instance, o;e /

‘adds a. commt Detween two main clauses jolned by f

coordlnutlng conjunction or deletes a comms between a main
/ clause snd a following dependent ones  So al though the |
system deals with r{aturall Ianqungef few of the usual Al
c'onc‘erns appliy? Ii doesn't éry to\ parse sentences into noun
or verb groups; it doésn't try to generate s set of
sentences from a8 finite number of words and s generative
grammer; and it doesn't try to understand stor ies or even
pronominal references. Rather, : CDHCO“ t ooks
for. certain features In any sentence a student might write *
nn‘h;;i\\iusos thiem as cues for corrl‘pctlnﬁ possible errors,

b

Hor%‘pver, It assumes that the presence of a student supplies
\@:I

. i
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2 sophisticated semantic processor (at least refative to
any current computer ones) which COMCON can call upon from
time to clarify the “meaning® of certain words or groups
of words) Just as the student can call upon the system for

other types of clariticstion. S

One Is very much Interested Iin procedural knowledge
here rather than declarstive--that Is, the knowledge "how™
we mlght do something Instead of simply ssserting the

know | edge “that" someth ing is true. Ne want the

punctuator=—human or amechine~-to behave in specific ways -

under speclific conditlonse Thiss to be sure, Involves a
certain amount of "knowing that™ (and we must have a: data
base containing various facts or assertions)) but
eventuslly there has to be a proce‘dure; a sequence of
sctions which will cause insertions and deletlons.tg be
‘made in the student's senjﬁunce. Ther efdres whatever
formalism we use wmust be cspable of acting on dats it
recelves==in this cesey unanticipated sentences that

students enter,

"The production " system formalism snswers these

' - 52-
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requlreQents: but before Jooking at ity one might Ilke to
qulickly survey ) few other representat lons that have been
used in ™intell i gent® CAL programs. Firsts however, one
might briefly get an overview of the representation
problem by putting the following sentence in a learning
contextt® It takes Polly twice as tong to get from Des
Ecores to Queen Mary by Metro as by car, but |if s!yu

travels at rush houry there |s no difference, If we were

it nterested in "teaching™ this In an arlihmetlc_ class our’

representation would be a streightforward numericel model,
But If our Interest were In geography, we aight want to
show the streets by means qf r map or other kind of graph.
If we were interestedr howevers In the soclology of wurban
:-a;:-;:;:-dlstlncu'lsh b'etween the representation given to
s stp?ent snd the one s progrsm uses to carry out some
t ask. They may need to be formally related but they aiso
can be quite dl?fefent. In the representltl.on focused on
in this chspter, the lesrner®s and the computer's are
rather similar, both meking use of the production system's

"IF-THEN™ structure.,

=|
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environsents, mathematical modelis and maps would not help-

us very much; and we might want some kind of T™setmantic
net” (discussed beion) to show the relationship b?tueen
mcar®, "Metro®” snd “rush "hour®., And IT “we were ;llply
Interested 1in determining If the sentence were punctusted
correctiy, me uouls‘need s model of s properly punctusted
sentence —that would have nothing to do Wi th equations,
naps,"or semantic nets. The pointy quite obviousty, is
that different sorts of knoulidoe require different sorts

of representations fn s teaching - machine,

< . Winograd \(1974) has suggested a number of
critecia one must recognize In choosind a representationai
systems. First, o9e must know how the representastion wiil
be used and how efficient It will be in operation,
Efficiency can ch-nde drasticatly |If the amount of
know | edge Increasess To look (t all possible combinations
in a three~elemept sy;taa is sesy; thirty elements Is not
simpiy ten times more works, however, bacnﬁse the number af

-
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; combinations increases exponentially. The second Issue
Winograd ralises Iis learning! how does new knowl edge get
added? As system analysts know very well, an addition to
one part of a system can have profound effects on other
parts—-—often disastrous“ones, ot that. | Purely moduiar
systems (in which each element is independent) permit new
Ite;slto be added simply through accumulation. However,
such |Is not the case in most systems, which usually
require . pointers or indices. And one must always: be
sensitive to the potentiatly unpredlcatb;e interactions
when new things are added to a systenm, Winograd also
notes that refated to learning and adding things-lis the
_ "naturalness™ of the thﬂ representation; untess It seens

natural to people, they witl not | ike working with it if

they work with It at all.* Finallyy he speaks of the

14

A
[

* This is more properly o concern related to how _people

will use the systems A computer's Interns! representation
can be mapped.onto different sorts of Interfaces. But
because COMCON is intended to be used nof only by students

but by ot her luthorstwho will extend ity the issue is
s ‘)
worth noting. :

| h¢
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problem of the very bullding of the systems  He
distinguishes between a “compliex structure of many parts®
and a "structure operating in a simple uniform way." One.
must tradeoff Dbetween them to reech an scceptable mix of
complexity and generality, that sbility of the system to
deal with many different kinds of knowiedge without

collspsing, as it were, under Its own weight,

Winograd silso vprovides s list of operations .
represent‘tlon must be able to support. They are: gontral
{what shouild be done gt any particular moment); retrlexal
(what data might be wused); makchlpgd (does a particular
thing aepply to the task ot hand and how so)j and
agelicatiaon (what conclusions can be resched), In
cﬁooslnn the mix of fea?ures for a representation, one
again trades off: expllclt search connnnds can pave

much flexi|ibity (which increases the effective range of

generality) or very 1Qlittle (which nakes the systenm

) .
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efficient). If one» for example, "always knew what to
expects one could bulld In a high degree of control. But
the resl world is ofter; full ‘of unexpected events,
Indeed, one could say that is the case for any interesting

phenomena. A high deor'ee of control might sacrifice the

cruclal capacity to respond to new things. ‘Retrleval;

that tss saekl‘ng out relevant date, presents few problems
to‘hlghly structured b_rog’r ams since what they must look
for Is always specifieds But, in the real worldy sometimes
the best one cln do is call upon n'&et'o.f heuristics which

4

are unlikely to be especially quick, correct, or even

-

re;ultatlve. *The same sort of design Issues are also

involved Iin deciding how a s;sten will seek a match and

. what it will then do with 1t. In brief, one csn elther

limit a system to very simple probilems (which undermines
its usefulness) or try complex ones (which may lead to

inetficiency . or rallure).'” Tradeoffs obviously are iIn

¢
L I 4 .

order .

I3

-

To illustrate, here I3 on'“e_frequently‘-encou'nte;ed:
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representation in nnturpl }-nnuaﬁ- and knowledge-bessed

systems., One finds the semantic network . (sometimes }
. referred to as “semsntic nets™ or “conceptual q.pondoncy

networks™) in s variety of spplicetions from stbry

wunderstanding® (Schank, 1972) to CAL (Carbonell (1970)).
A semantic net hls‘ been defined ss "a system of

interiinked concepts lnténdad to capture mesning of o

glven ‘expres;?on or 'psychological phenomenon™ (8oden,

'1977).  The usual rendering of a semantic net is a goraph ,
ln"nhlch esch - node represents a concept and the arcs
conn;ctlnn the nodes represent refationships betn;an the

i < nodes. A typicsl relation might be IS A™s for Imstance,

. | the word ™and*” ls 'a 'coo}dlnnt}no*conJunctlon'. But other

rel'stionships are possible although the representation, ss

Winograd “polnF://out’ is not well=suited to complex

i -

formulae. }
: N ' §

AN

' One can enquire ab&gf relationships |loha enJltles in

R the‘nofz however, lé there were no immediate connsction
X . ..
bctngen the nodes to asnswer.these questions, one would

%%
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have to sesrch the paths between them untli) the‘polnts of
Intersection~-~if aeny existed-- were located. Th}s wou td
be done, as Winograd suggests, as if "by sending out
signals from two hodes . .+ .spreading thfouch the net
one link at a time™ unti! they met. But sgain? many
nodes involve many sesrches, and s combinatoriai
explosion is always threatening. Of course, one need not

search every node every time, but ways of developing

-obvious.

4

Further, a -semsntic net does not always handle

« subtlieties well., Boden showsy for exampley, that the

typlcal’ IS A link s itself not strong enough to
distinguish between "Mary 1is a girl” and %Fido Is a
spaniel® w[thout addltlona, information about-spanielis
being s subé[uss of "dog®. Nor have nets been asble to
solve the vproblem of 1logical quantifiers Jike “all™,

"some™, “every™, and “any*. Current inplienentations,

Boden vpoints ou;; have no; begun to desl with these quite
/

common idess of  everyday expérience, degpite  the
N \

., predictions that the conceptus! dependency networks will

b S RIS o1 Dyt n L ER ST e e AN, L e e e
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_heuristics to limit thj search are not always going to be
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lead to s reskthrough |In undarstanqﬂnn n:tur-l‘

»

language, One ansy Indeed, develop scheaes by which

weights are asssigned on the basis of frequency or other

criteria, But deciding on these values (s seldom llkely

w

to be stratghtforward, -

1

These difficuities notuithstanding, semantic networks

have found thelr way Iinto CAL proorins. For example,

 SCHOLAR (Casrbonell, 1970) teaches geographical information

suéw s the Industries; clinstes, and populstions of
various Latin American countries, The dats are
represented as ,ﬂodos on a semantic net so that a glven
chunk of information is viewed os a set of Ilinked nodes.
For instance, If a student wanted to know something sbout
Peru (and in Cardboneli's "mixed=-initistive system™ he can
ssk  questions of the system as well as answer)sy the
program searches for sll the nodes connected to the one
with the c;untry's name. The following asnswer» for

exampie, Is given about Perus

It is in South Americs;

—— T
Y
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the population is approximately 17,000,000;

the cgpltni is Lims,

_Provided that the information is explicitly encoded in the
nety a grest number 'of facts can be'retrlaved. But as
Howe (1978) points outy Implicitly encoded Iinformation

 ==8hat s mrpduccd in Llua?”:- requires nddltlon;l rules
such as "Find out what Is the Industry of e« place in order
to find out what a plece produces.™ With sizable dats

’

bases, many such rules would have tQ be added. Further,
using —ihemnsyiteap ss Gable and Phge (1980) suggest,
requires some sklll of the student, an 8 student whose
motivatlion was lacking might not request ail that the

system desighers deemed relevant, A "Heip™ facility (or

other kind of prompt) would be a useful addition.

Another semantic-net-based ICAL program |s 6ne by
Wexier which also teaches geography, this time about
Cansdlan provinces. (And not alwsys accurately: the Yukon
is identified as a provinces) The data are grouped into
classes and then retrieved according to rules or "skeletal

patterns®, If the student's answer matches that produced
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by the prboran's sesarch procedure, It Is considered
correct.
]

Both the programs of Cesrbonell and Hexlof succ;od
reasonebly well in presenting factusl lnforlatlon to the
student. But another proorem that uses semantic networks
demonstrates thelllnlts of the formalismes Brown, Bdrton’
and Zydel (1973) produced a nlxed-inttlitlve program In
meteorology which Includes not merely facts ( "What is
fog?™ or "What |is preclpltatl&%?“) but also deals with
questions of causallty (such as "Wwhat happens when the

water temperature drops to 22 degrees?™), The foruer‘ sort

are roughly comparsble to the deonrlphlcul information

seen In Carbonell and Wexler, but the Jatter require a

process to be représented and some conphtgtloq to be done,
Moreavers the program is senslflve\to context, and var lous
vatues of phenomenom can change 'in the course of a
session. Hence, what Is required-is both a dynamic and

2N

static wmodetl of meteorology.

The . static wmodel wused |is ; semantic’ cbncoptu.l
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dependency network with three basic kinds of nodest

objects, conceptsy and processes (although th(s last |s
restricted to ' factusli representations such as thelr
definitions, not their actual, to functioning)e For the

!

dynamic model, the suthors represent proéesses and their

Iinteractions with esch other as "sugmented finite state

sutomata®., Each sutomaton has s specific calculation to
perform and the crass’ product of all automata "forms s
olobil sutomaton which functlions as the dynamic model of

our meteorology data base™ (p.250). " New automats can be

hndded as the model Iincreases in complexity. In effect,

thens the program hass two'dlfferent°klnds of knowledge
fepresentltlons-—one'to produce flctuif qat; and the other
to calculate outodnns.

The significance of thils work is that it conblné;
divergent models since more than one order of task must be
carrlied oute. The semantic network's strength Is In the
way It can relate facts: its weskness is In Its problenms
handling dynamic relatfons easily. This does not eliminate
it from consideration, but points out that It should So

combined with other appropriate representatlions depending

s
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on what one wishes to do. . ,' E

In fnht, production sisiens have been combined with

semantic nets» snd Watermsan snd Hseyes—-Roth (1978) clte

5 ‘about & half dozen cases. Hayes-Roth ’t1378) points out
that - producthn rules (considered beiow) can be
"represented es nodes In 2 netwoark containing

specifications about what actions to take if a message is
recelved from Input arcs to the node". Ageain this
emphas izes that at soﬁe point, actlions have to be tnken;
COMCON does In fact use s series of small semantic nets
because there are a number of general to specific i
relationships which the structursi model of the properly
punctuated sengencc must know. For instancer a typical '
search Is for a coordinating conjunction; this is done by
looking for abl of a group of words that fall Inteo
this class ("and™, "but™, "or”, etc.). The same is true
for - classes such s subordinating conjunctions,
prepositions, deteru!nors,.und so forth. A production !
system with sn  embedded semantic network makes It |

possibl ey therafore, to group related words' but also to
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operatl&ns flke Inserting or deleting commes.

|
f
!
1
‘ 4
i | . »
2
Perforé

Ay Howe (1978) polints out, most examples of
nachlﬁé‘lntelllnence are exhibited 1In CAL programs for
mathemstics and other well-specified asreas. This makes
the representation problem somewhat more tractable.
Goidberg (1973) wuses an Al technlque’or theore;-provlng
for lessons In both algebra and first order predicate
cal cutus., Goldberg and Suppes (1972) use
"resolution-based ﬁheoren provlng% to help 'student
construct and verify logical proofs. And Kimbal! (1973)
hes written a program for integration probleus‘ln algebras.
But the mathematical and logical domains involved in these
three programs sre quite different from natural 1anguage,

snd the (literature of CAL does not show work In language

along these lines.

In other, less n;theuatlcally-bnsed CAL, there are 1
number of simulation programs such as those In criminsl
Justice and |and usao'althodoh there have been problems In
&eslonlng ways for input to be easlly entered by users

(Gable and Page, 1980). One of the most successful

]
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\ simulation pfograms is gﬁPHIE (Brown and Burton, 1974), an
\electronic troubleshooter that presents the student with a
circuit sch(&:tlc that has some partlﬂplar fault and helps

L student isolale and correct it, ~ The difference In the
| success between SOPHIE and the other ’ simutations
may be because SOPHIE works in a domain--the structure of
electronic circults=—which is more clearly specified and
certsinly better understood than land use or legal lssucs§
When the threshhold between de-dnstrably formalizable and
as yet unformalized experience is crossed, nodeling and

the CAL task clearly becomes much more difficult,

N

: /
menkloned. Predicate calculus has been used extensively

in, wathematics and formal logic and Iis a powerful
A formallism for repre?entlno "knowl edge"® in very general
ways. Typically, some probl}l is approached by teaking s
group ;f a;lons and looking for a proof {in the oprobiem
ipcce. Howevers this can often tske s great deal of élue
unfess there Is s rather small set ‘of facts to be

manipulated, Winograd (1974) places the typical number at

- &

'
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/ 3
less than a hundred and often (ess than ten, Given the

Ilrgg number aof possible sentences 8 student plght enter,

f

using predicate calculus wouild seem Ilikely to be an

inefficient approach to teaching punctuation. Moreover,

predfcate calculus s neither particularly simple to u%e
nor particularly congenial.

Anothef/ possible representation is a procedural
programming language llke PLANNER which attempts to bhe
more. flexible than typilical coupgter progr ams while yet

retaining thelr efficiancy. PLANNER {and simiter

. languages) contalin a8 set of ‘ssertlons ahd 2 set of

theorems which are combined as oprocedures r ather than
decliarative statements. The section on production systems

L]

below, showus this same emphasis on procedure. Both
PLANNER and production sytems are pnttern-dlrc;ted; t hat
is» they look for patterns in the input to coﬂtrol their
actions. But PLANNER checks onily particuler sssertions,
not the whole Input, which suggests that looking |t. the
whole of the student's ‘sentencg ds lu§h simpler with a
production system than with PLANNER, And this is . not to

discount the impressive uork in understanding language

P R R . I I v
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that hss been done by sSuch progrpshs as Winograd's SHRDLU
(1972)s  (Although, one should note that SHRDLU ls\pot s
CAL program but one that demonstrates natural fangusge

manipulation,)

The kind of formalism I think a sentence punctustor

needs does exlit under the general rubric

”P-ttern-Dl;icted Inference Systea", more commonliy
referred to as a "production system™. (Recent |Jiterature
refers to the production system as a type of
pattern-directed inference system, less power ful and more
narrowly defined.) Such systems are first and foremost
organized on the basis of data or events; that iss, _they
respond to varying kinds of dats presented to them. Such
deta need not be of a single or particular nature and the
systeuﬁwneed not respond In {infiexible ways. Instead,
patterns In the data cause different portlons. of the
system to be activated, Waterman and Hayes-Roth (1978)
have identifled three basic components of such systemst 1)

"pattern~directed modules®™ (PDMs) which are "fired™ by
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patterns in the dats; 2) dsts examined by the PDM ‘and
perﬁaps modiflied by It; and 3) an executive or Interpreter
which acts ss a control ln,deg:dlng which PDM should be

- used Iin case more than one is possible,

o Typicallys, data exlnlnatlﬁn and modification ur‘
separate taskss, and one can most ,conveniently represent\
them by ®IF-THEN® formulstions. . That Iis, one ususlly
encounters palrs of "antecedent-consequent™ rules in which
data are examined according to patterns in the antecedent
(or left side of the IF~THEN statement) and modification
Is performed In the con;equent (or erght side)es For i

¢ ¢

Instances one might find the folioning? / :

IF the data contains an x»

THEN change the x to & vy,

The program examines data by searching for the patterns of
the unteéedeﬂt portion of the production rule, and such
patterns can take a variety of forms--strings, networks,
graphsy listss snd so forthe The program can modify dsts

by asserting that something is true (IF A Is theres THEN B

- 69 -
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" Is true) or by causing vsrious actions to take pfnco {IF A

is there, THEN do C» Dy end E)s Therefore, once a match’

between & production rule and some portion of the dats has

been foundy elither an action or an assertion can be

execut ed, It severasl possible matches a?b rounq; the -

executive must invoke a strategy to choose which "of them
/
/
Newell and S\non (1972) give a nunber/%f ressons znhr

/ .

the production system is s good model of ‘humsn cognition.

-

will be performed firsts,

They stress its computationa! generality, the ease with
u;lch hew information 1in.the form of rules can be added
to a system» and the way It reflects the organization of
human memory. into long and short term components (with the
data belﬂn similar to the elements In short term memory
and thgl production rules Iike elements of long tera
lc-oryié And Indeed there have been many different
donalq% in which the production rule formalism has been

[

* Udiess one can vperform them siaultaneously in

paraliel processing systems.

i
i
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used successfully, One sees it in symbollc logics, Markov
algorithms, Chomsky rewrite rules, and, ofrrbyrsei in many
progremming languages. Waterman and Hayes=Roth cite the
following applications: progranm synfhe;ls (that s,
developing coupu?er' programs ;nce having suép!lo#A an
“exemplary program®)3 computer system architecture
(special languages with ’pattern matching ~cepabilities);
know! edge acquisition (in whioch human experts convey their
expertise to a task-oriented sytem); knowledge engineerling
(application of artifical lntellloéncé.roselrch to a fanne
of'resl worid problems); naturalt 1Jlanguage understanding;
and cognitive wmodeling, Some of these apéllc:tlons
are discussed more fully belows but for the moment, the
point |Is that the production ‘g}sten is {jfgrullls- of

sufficient power and generality tp have been investigated

by many different researchers In many different sreas.

Some idea of this power and generality mdéy be seen by

moting that productions systems are wuseful not ‘only/ to
: ‘ A

establish s hypothesis (IF A and B THEN C) but to confirm

one (IF C THEN A snd B). This latter use Iis \callcd

PRPYSE T IPIE ST SO i T e LR I N . L N T TR TR v
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"backward chalning® (Naterman and MHayes-Roth, 1978)
because one moves from the consequent (that Is, the right

hand part of an IF-THEN statement) to the sntecedent (or

left-pand-slde}. Thus-one can work elther from s set of’

2
conditions (IF there Is'a coordinating caonjunction, IF it

Joins two msin clauses, THEN" qqd a comma) or from @

.concluslon‘.back to a set of gondltlops {IF ¢ comma Is

K)
correcty THEN there must de s coordinating conjunction and

two main clnuses).l~j0|tap then, can be approached from

opposite (but dg-plo-ontnry) perspectives. '

. Ay

v

+ One csn elsborate production iiséc-s in 2 number of

uiys. The most obvious is that the number of rules can

be increased over time (os when a serles of experts add

‘r

new |[nformstion about some .problem), and one does this

without wmuch 'difficulty. This Is because production

systems nri modulart data an& rules sre quite separately
maintained and sdding new rule does not. affect the
valldity ‘of snother., Secondlyy the controf structures are

siso modular; one cen add a ogreat meny _kinds of
- - ¢

"metarujes®, 'fll%-rs" or ®gatekegpers™ which decide what -

actions the system should take and what dats it should

\-72—
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ook at first when a number of possibilities exist, Th
can signiflcantly increase program efficlency.

~

. Without going fully Into the details of COMCON, e

me show why the production system roprosnnflon is In fao

‘appropriate when using ] ¢Zougutera to teach the comma.

Firstiy, sny tesching system must be able to respond to|a
wide variety of possible student inputss The chief
fallure of the typleal branching CAL lesson s Its
insbility to process any but & smail number of possibile
responses.' The "productlion . s}sten; on. the other randp
looks at anythlﬁn s student may enter. This Is especislly
important In teaching punctustion becsuse we are not
prllarlly'concern.d with the meanings of uo(gs (and so do
not ‘;eod (] v;;t dictionary in which to look them up) but
In the relstionships smong parts ;f s sentence, These are

; L4

frequently marked by’ s set of about a hundred functjon

, words like conjunctions, determiners, proposltlonsi and -so

forth. One can easiiy asccommodate these words as parts of
product]on{rulns snd match the data (that is, the student

sentence) against their Indexing pstterns. Moreover, the

-7 - o
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modularity of the production system permits two important
featurest 1) complex conditions cen be called (for
examples IF there Is an %"and® OR "bdut® CR ®or™ OR “"for"™
AND IF thére is slso s main cltause OR two equal elements
. OR a series AND If there is no comme . ')3 thisy In
fact, reflects the complexity and variety of Enoll?h

sentences.s And 2)s» as new rules are discovereds they can

be sdded, giving the system designer the chance to modify )
and enhence the systems st any tln; In the future. }ndeod;
my experience in building COMCON has been to edd rules
one-by=-one, ovor'long perlods of tine as  either Dbetter
qndarstlndlna of the material evolved or as I extended |

? 1

instruction to reach new objectives.* One begins by doing

sn sttribute anelysis of s sentence (it hes & sublect, s

» predicste, it has two clausesy and so on); but these . 'b?
‘;r The present system now begins by ;d}klng . for
coordlnitlno conjunctions becsuse classroom observation .
' showed that many comme errors begin there.’ The original" .
version started with s scan for extrapeous commas and did 'g
n;t consider prapos:tlons;.fo} oxan&?o. %
) L R ,
, » '
ot
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:nnlyscs‘ are not going to be conolé%ﬁ or. even cqrrect the
first time throughs As new {deas sbout sontoncgs are
formed, they wmust be Integrated Into the stock of oid
ones., The production system s Id;ll in .this respact
since its wmodularity silows new rules to be added without,
as we have seen, affecting those already there.

Productlon systeuE sre also very useful because they
handle ponerfdl; togical ' manipul ations In fnl{ly
straightfoward language (the "IF-THENf statements)} without
compliiceated notation. (Compare, for example, having to
use predicate calculus.) One often needs to understand
causal relationships when punctuating: for example, the
presence of a preposition at the beginning of a sentence
“causes™ tqQ delay o{ the mein subjects That iss, except
in very special locutions, a2 prepositional-- phrase cannot
c;nt;ln the sentence's subject. So If one were to find's
preposition In the first position of » lllp clause ("from
sil I reads, things are really bad"), one would know that
the subJecg will be defayed and s comma must be used to
slert the reader., {(This nli[ be shown in full detall

when the model itself Is discussed.)

¢
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This s straiohtforward operation for (]
production system whiéh simply must look at thé first
oroué “of nonblank letters, detarmine If this string
matches any of the antecedent sides of its production
rules th‘iﬁconcern preposltloni; and then 1look ahesd to

the rest of the string to see (f the writer has or has not

3

included a comms. ¢

A second kind of reasoning ability easiily

system Is logical

sccommoda ted by the prodﬁctlon
. ot

Implicatione Againy here Is s fsairly ¢trivial examplot

COMCON frequently needs to assign Boolean truth values to

’

variables which may Ilater %nve to be accessed ejther
singly or in groups. In the sexample above dealing with
preposltlons;‘}he first agroup of nozbilqk letters s
examined to see if it iIs aprepositions The results of
this sesrch are assligned to a variable in the forl of & 1
(iIf the ;earch was successful) and 0 (If It fsliled). In
terms of the production system formallismy, one can sayt IF
A (that 1Is, a preposition exlitsi THEN B (s variable s

) |
assioned 1) There are doubtless many ;gthnr ways of

A
- -

/
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' schieving the seme things, but this way is surely among
the sluplekt snd most conoenial.
F’)
Congenlalltf%\btlnos up en important point--the

<A

interaction bctuebn, systen designers and proirnls.
~

N

Because thg productlion rutle formalism reduces complex

problenms {pfo modulaer and relstively short sub=problems,it

is not difficult for human -onitors to understand ;hut Is

-

Do)l ng

on in ° the system, how to debug It, . and
how to edd to It, . Documentation,. for
instance, can be nttlchedvto ‘esch production rule, making

malntenance very easy for someone other than the

orlgins) desloner.

At this points, it might be helpful to describe

some computer programs which use the production system

formalisme The MYCIN .system (Davis et ale, 1977) heips

physicians decide which medication to prescribe for varlous

~.kinds of bacterial infections by focusing on the
particular disease, thus obviating the need for s
“shotgun” treatment with broad spectrum antiblotics.

MYCIN !s not Intended to replacé the phyglclln but to hilp

.

-
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hin touurds( dlagnosis, aend even though It does not .
teéhnlcllly quelify as a CAL programs one can kb;dlly
percelve it as a tutor. i

¥

MYCIN starts by ogsthering basic dats }bout the

pstient--sexs age, preliminary reports of tests, and so

one It then beging to focus on speclflcs-—ihnt is

the shape of the orpanism being traceds how did It grow,

where did It Jlikely enter the body. The questions become

"progressively more narrow as MYCIN nmoves towards its

decision because it forms’ & number of reasonsble
"hypotheses based on preliminary questions snd  then seeks

confirmation, This Is done through the approximately 300

prbductlon rules the system contains of the fotlowing f

kind: - '

4

IF the infection is primary bacteremia
|

3 |
AND IF the suspected entry point is the gastrointestinal o

irnct
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AND IF the site of ths culture Is one of the sterile sites
THEN there is evidence that the orgenism is bscteroldes,

Note that the consequent part of the vrule 1s
entertained as sn hypothesis, and questions asked by MYCIN
try to estabiish the existence of the antecedents. This
is the "bnckunrd'rensonlng' I spoke of esrliere It would
be possible to establish the presence of sl the
antecedents first (that Is, all the discrete facts sbout
the symptoms), but the backward ressoning pernits s more

focused questioning by the user--one possibility st o

time-=which again is quite congenial and natursl for human

»

beings.

Moreover, HYCINVdoes not present itself ss an oractle
on highs It ssks the doctor to enter vqjuo; st varlous
points indicating how certsin he Is of the salient factors
of the situation. This helps to‘estcbllsh sou; sinimal

Wevels of certainty before renchlgq tinal declisions,

Further, MYCIN is prepared to converse uith the doctar (1In

s subset of English) about why Judgements were nnde_ut

- 79 -
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various plwes.{fh(s, in turn, permits the doctor to
override HYCIﬁp and Indesd peraits the systea's doslgnirs
to add new production rules should It become <clear NYCIN
is in error ot incomplete. ‘The modul arity of the

formsl ism makes this @ relatively stralghtforward task,

To glve one the sense of the exchange between NYCIN
and the users here s brlo‘t sample of the progran in

operations

Vi
WHAT TYPE OF INFECTION IS IT?
Primary Bacterils.
WHEN, DID THE SYMPTONS FIRST APPEAR?

May 3, 1973,

- a o
~
. .
¢

.
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FROM WHAT SITE WAS THE MOST RECENT POSITVIVE CULTURE TAKEN?

From the blood,

CAN YOU IDENTIFY THE FIRST SIGNIFICANT ORGANISM FRON 'THIS

.

BLOOD CULTURE?
No.

IS IT A ROD OR .A caccus DR SQﬂETHING ELSE?
Rode. r | ( _ | .
HHAT‘XS THE\ GRAM STAIN OF THIS QRGANISH!
Grn‘-ncpntlvo.

The exchange continues untl) MYCIN is ready to make a

recommendation?

-

[
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=X,

-

AN

D0ES THE PATIENT HAVE ALLERGIES TO ANY ANTIMICROBIAL

AGENT?
No.

WEIGHT OF PATIENT?

¥

70 ki loﬁrus. N

MY FIRST RECOMMENDATION IS AS FOLLOWS:!
S *

-~ !

GIVE GENTAMYCIN USEMG A 0OSE OF 119 ‘)16(1.7 HG/KG) QBH IV
FOR TEN DAYS. MODIFY DOSE FOR RENAL FAILURE o o

4 v

This sample Is very much abbreviasteds but one can
still see how there Is s cooperative effort between human
end machine, Each provides what the othQr cannocts or at
leasts not convenientlty.
¢
In briefsy MYCIN offers an excellent oxuple'o‘f the
use of a formatisa that is at conce poncrfulv .and  flexible

4
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to solve nontrivisl problems In a manner most sccessibie
to’hunns. It does not replace the doctor; as Boden
(1977) points out, it augments him. This is quite simitar
to COMCON which does not intend to produce s corrected
version of the student's sentence but to help him correct

it himself. In both MYCIN and COMCON, the key element s

cooperative ' interch ange between two ﬁsorts of -

processors=~human and machine—-=being brought to bear on

the same probliem.

Another successful probles solving program using
production systems in DENDRAL (Buchansn, Sutherland, and
Feigenbaum, 1969) which ldenélfles unknown chemical
compounds by lnterpr'etlno the results of a mass
sp/e\c}troneter analysise. It carries on in much the same wWay
a trained chemlst would--that Is, It makes & reasonable
hypotheslis asfter some vpreliminaries and then tests It
sgainst a set of conditions it "hopes®™ to find. In
practice, tﬁcse hypotheses sre llsts of’ possible
structures for tiwe substance which sre checked sgainst é‘u

mass spectrogram until a match Is made. Here Is one

-83 -

T e TR AR R B - et Do lFug s, L [ T

:
!
H
?
H
i
{




- FUPI— N v et o T o e e e o b m e o o oa P Y e s ian s Y

example of DENDBAL's production rulest

IF there is a high pesk st atomic~number charge point 71,
AND at 43 AND at 86 and ANY peak st 58, ,
_ THEN there must be a N-PROPYL-KETONE-3 substructur e. . ;
* | o

There are a feu hundred such production rules In the Lot
systems and one can clesrly see s very sophisticated ievel
of expertise In the knowledge base. But the way that
knowiedge base Is represented-~via the production rule i
formalism—-allows for a clear and cogent expression. ‘And ]
indeed it Perforus its Intended Job with the competence, h S

its developers note, of a good graduate student.,

b4

> , In summary then, the production system formslism has {;‘

P

showun Itselt both powerful and conveniept in a variety of

spplications, It vprovides th‘ ngl ty to mark the
Fd

St b b &

relationships between ideas that a semsntic net does but
with considerably grester ease In manipulating theam, It

is prefersble to a procedure~based progremming lasnguage

L - 4
[ ‘
e -
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since It looks. not at sinple assertions but at the whole
input. Andﬁj;t is far slnpl?r to use than predicate
calculus even It one could solve the probles of. the
latter?®s r;lutlve inefticiency ;hon dealing with large
data‘3as<§; The production systo-'s'lodularltv allows the
addition of new rules over time and makes the program easy
to msintaine Experience Qlth successful projects !lké
MYCIN and DENDRAL=- ‘even though both are not strictily
spesking CAL in the sense proposed here-- suggests that
production SyEtoQ should be p?nerful enough for teeching
punctuation. |

>

To this point, we h&ve considered systems for

representing knowledge only insofar us‘égcy were directly

relevant- to analyzing In?ut sentences. Howevers, another

-

part of the system --the HELP facility described in the
-~ (
last chapter—-— has a quite different goal. HELP Is o

4

series of some tuent27s0l¥-gphtglned modules which carkbe
' . \
sccessed by the student st any time - and— which provide

lessons about varlous toplcs related ﬁto punétuatlon.
» v R
Takan together, the HELP modules constitute a fairly

|
i

\ : b
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" comprehensive minicourse which could be used Independentiy
‘ .« - - L]

~ of CONCON. The:- way _these modules -might be organlzed

<
v

suggests & very different problem, howeyer, ‘than sc;nnipo ) ~

.

sentences for key' feltur;s. Therefores, rather fhln

- production systems, one needs something quite different., ' {
’ @ . . g 1 R
- L . K )
~ - ‘> e }

.. ) The notion of ™entaliment structures” has been

desjglbed In scvernlﬁplncos by Pask ind - his issoclutes.'
. *

’

(See, for e§aadle,' Pask (1975b) for 8 pparticularly ‘ -

4

detaited account.) An entaiiment structure |is ‘s map or
N \' « ~

drnph of, 4- particular subject natfor domain which meets

[,

. - &
- the requlslge demands. of coherences consistency, and
N .
cycliclity. This wmeans that it provides a student with a

full Imsge of a subject matter, with each toplc iIn that
\ v
domaln clearly linked to the others from which it Is N

13

’ *derived. I'n Bracilcind this last pernmits s student with

i1 ~

‘ ’ partlali"dnderstunglné" (a word Pask uses In s special way)
‘ \ to discover for himself the ;elnlko of _glven toplc, ,
Further, the enklllueﬁt strucfufe contalqs 'iboth
theoretical toples of the subject ;atter s well as
anatogouss parsilel toplcs fr&n the u&rld of everyday ;

- . N
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experience, ' . S .

One begins to.construct an entalliment struciu(e by

~

having a subject’ nltfer expert descibe the essentlal

- toplcs in his flield and the relgtjonqﬁ%pé'thlt*oxlst smong

»

them, From thissy a relationsl network emerges as s oruﬁh
whose nodes show the topic relatlons ‘snd whose labeled mnd
directed srcs show paths betueen these relations. This

evolves by a set of transforuttlpns'uhlch can be assisted

by speclli course assembly routines into a final structure
'

thit has been "pruned® (that Is» one In which tgplcs are:

‘

represented as hierarchies) - and with which the student

-~

intepacts., One should see that despite the 'final

hierarchical asrrangement, the oarsphs themsetves do not

3

enforce a particular path through the subJect\ matter,
. £ ,

0

"Indeed, pruning fakés p?nce only ,fter tHe sjudent
ln{lcatas his learning gosis or aims. Until that ‘tluu:
the entnllneﬁt structure simply Is an lnaﬁ; of a domain
with th Il range of relationships present. This is an

f M 3
imgortant distinctions for in order to silow the student

»
eventuslily to demonstrate his understanding, (t must be

pdsslb!e to derlive any single topic frol\anéther. With
L d

. ., - 87 -
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the domsin mep in plnég: the expert goes on to vprovide
~~ * - .

fuller descriptions of the relations betueen topics as
wel'l as devising a set of tasks' that permit Jpe to perform
t he procidures 'thut trn%slttc 'knou]no"to ®doing"™, Tﬁe

understanding of topic can be shown either by verballizing

or else working with a modeling Tacility. g
‘r‘ ,

-

»

ahe student, having ' been oglven' an entaliment
structures can work throudh it In the paths thst he thinks
. - : \
sppropriste. This could tske the form of exploring

varlous‘qnodes or alilnq towsrds understanding of s

particular topice If he hss all the prerequisites for th

Y .

1

topic at which he aims, it becowmes his-goal. The process
ts Mduch like dolnn through a}! prerequisite subtasks unti |
the end task is achieved.

! : L 4

~

Pask and his ussoclutes‘ have ldeve[opod entaiiment
structures - for a number of dlfffrént subject latter§’
ranging fcom probability t&;ory; biologys chenlsiry)
phsyicss even hlsto;y (e discipline whose ;etpod;lcy and

-t

procedures are not generally as well enuncliated as the




K o [ ' - S
" others). Whether It iss In ‘fact, possible to develop an '
- ental iment structure for . the topics invol ved in
g pﬁnctuatlon is not clear at the moment Dbecause fh§ B
nebes;a[y mcyclicity™ (that hs: the way each topic can be
derived from ‘other§ "bl-dlregtlonnl]y'i'ls not evident. )
. Heres for -examples Is a 1list of the toplcs which
constitute :‘/pecessary information about 'y

N properly-punctuated sentence: Introductory elements, main

and dependent clausess nonesséntial elements, sgties, and !

-~
[

< coordinating conjunctidns. To these, HELP adds wmodukes ;
for phr ases, subo%%lnatlng conjunctiony prepokltlon§;
clauses, dependght clauses, subject, predicate, - noun,
verbnﬂ aﬁd'stock expressions. In some cnses; one sees the
necessary cyclliclity easity. For instance, an lntrothtory
element can be elthe; a dependent clausg; s prepositional
phrases, 8 singie word or a s;ock Q;presslon. Dne‘ cany
therefore, think about. any of them in terms of any otHer,
. The same is tr;é for clausest one could spesk sbout * main
and dependent ones, subjects snd predicates (which all
clauses have) and subordinsting . and coérdrnltlng
" conjunctions. Aqa{nn there Is a (local cyclcity here.

~ - However, |if one were to move Jaterally scross an

b
- 89 - . . . $
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‘entsliment structure of this domain, It is hard to see

what Is the necessary connection between 3 nonessentiasl

v .
are both constituent parts of possible English™ sentences.,

Simitariys ‘opé might:ask what'is the necesBary connectjon

A N

between a sanlef snd the subject of s sentence, unless th
. particular subJect of a sentence d4tsedf happens to be a

~

seg¢§s af some sort.
*‘J
¥ o ; ° . B . ’ , 4 ' -,
Now these may well be non-ob Jections because
: ) facitities such as”THOUGHTSTICKER (Pask,1976) exist which
r .’ . ° ’
might enable one to produce‘ sn entajliment structure of
ﬁunctuutlon topics ,toA sstisfy the demands of coherences,
consistencys snd cyclicity, However, such a facillty Is

é.not ‘avelisble ot the time of writing,* Future
‘develpp-ent'of the HELP package could be in the form of
giving students entaiiment structqﬁgs of the material and
lettinq them work their way throéqh it. For the time
belnq;‘ in ndd}tlon to h:;lno ) ;enu of toplcs'n;allable.‘

individual HELP modules refer to others and encourage

students to cali them as the need srises.,. Future relesses

- 90 -~
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‘ CHAPTER 1y - :
SENTCHECK: BUILDING AN -INTERNAL 'REPﬂe'SEN‘T‘ATIUN OF
* - . -
SENT ENCE Puvicmmnu o )
¢ L] \ \ . . L. g ] )
. i .

/ o '
\
. ‘ .

What must we know If we are to punctuaste s séntgnée

proper lyt What does s master performer (that Is, someone

Ay

who Is an expert st punctuation) -do when ‘confronted with o

sentence which he elther nust accept as cvorrect ot chnno\e?

'Such knowledge is not easy to dliscover becnuse'?unctuatlon
s'u;n; to nost' p‘eoMe--even good nrliers‘--s;nethlnc done
‘rath‘er ai:tontlcull‘yr indeeds even intultively,  Worses.
experts ar..e often Inconslst.entlir; their procedures.(or at

feast apparently so) and will often’ dlsfqree with esach

otherv— -But——any —C-AL proéru t*at wishes to fuch

puﬁctuatlon must have this "knowledge®, especiaily If it

is golng to, do so in an Intelligent .ways So what follows

.
v

is not ‘an attempt to legistate conformity but to wmake -

explicit and coherent the kind of- knowledge that an

+
-2 - .
.
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9
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"l,ntejliloent CAL punctuntlon' progr am must have. -

. « o . . ) v
- .The first thing we must know is what a .properly

punctusted s.entence looks Illke from the ptrspe'ctl)/c of
loghéal Intelfloibitity. That I'ss we mst'have soné RTWDS
of .oenle'ral model which shows the varl.oﬁs constituents ‘i_.
\whlch maey be present in s legitimate sonts\ce snd how they
lr'e_,r-elnlted. For many wrlters, t\hls is freq’u‘entl“y lnno;’ed.-

or thoroughly Intern ed3 but In either case, it s;eldon

a

4 o . . I )
it ever gets mentioned. Moreover, even with.good writers,

often there seems to be 3 mystery about Just what ‘
) - ° . ‘ . .
ka punctustion doese. Contrary to what most students nﬁonoly 4
» . B '
think, In discursive prose @ corn does not lnle:nte ]

o speaking pause although It n"yj coincide Mith " one, oy

Rathe:r.lthe comma functions-ss a logical marker that helps

I

show the reader the relationships among different parts of

'y swentence.' Here is a model of a properly punctusted

- compound-complex sentencet

. ° .

e b

PP N

-~




. (Il:_-h MC1(DC1), cc (I2,b) MC2(DC2)L{,NE,ILS)™ 5 ‘ ,

7 " d &
A

Cd
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where MC1 and MC2 are maln clauses; DC1l and DC2 sre
,su-bordlnate clauses nhlcl; depend on  MCl  snd M2
—~ respectively; Il and I.z ‘re ln‘trodugtory.‘e‘leuengs' for H'C“l
and MC23 cec Is a coordinating conJunctalon; NE Is a
nonessential ‘elehent; and S Is 8 serles, Items in -
e parentheses are optional and NE and S 'cln,//b_e shifted to
- éther positions nl}.hl_.n the sentence., Appendix I glives
| the full derivation of this model.
v ) o
: The mo et -“ essentially a structural pnep'ﬁut syntax
by Itself is Insufficient since punctuation also re’qulr;§
semantic lnfc;nntlon. Ityls not enough to .knou. that the
_various constituents refate to ea;:h other in some way; we
aiso must know what are the essential sttributes of those
-constituents.  For Instances to know that a folloning
dependent clause should not be 'sepu]ated from its main -
clause by‘ 2 co".a "means little if we don't know what

- constitutes elther of them In the first place. That kind .

- \
of knowledge i's of two sorts: partially semantic (that Is,

/ .
ek e st o, | ok e e JEE S W 4 Ay e - . '




v

s

* . S

- having tp do nl'th meaning of ‘the. whole uttersnce) and

partislly ‘'patterned (that lsy having to do with
recognizing the presence or absence .of certale  key
features of English).

’

-

Here ¥s an  example of semantic

knowledge and patterned knouledge coming together, We
-~ ‘ -

know that a dependent clauses for Instances cannot staend

by itseif. khen the noodles.bucned requires a main ciause

of .some sort to complete its meanings to change it from s
s‘entence fragment. We “know" that--in part--se‘nntlcallyl'

the clause refers to some unspecified event (perhaps Ppolly
’

crled) for which the reader immediately beglns. to look.

But lhgn__thz__nnndu/é__'numgd begins ulth.n subordinate
conjunction which also points to the fr sgmentary nature of
the clause, There are about twenty such subordinate
conjunctions (and a few relative prolnoun‘s that operate the
same way), and nli dependent cl;uses begin with them.
Know‘lnq this, It then becomes a simple matter to look for

one of them to see whether a sentence con‘t’nlns a dependent

cleuses The trick for ltesarners (or programs) |is belng
o

- 95 - 4



aware of this} the trick for instructors (or programmers)

llies in alerting students and wmachines. The output

reproduced In this chapter suggests some of the ways one
may do thise. (They do not, however, constitute the
conversations that will eventually take place and which
are described in the lasst chapter.,)

One cans in f;ct. do something llke the same kind of
search for a. number of other thingse Morever, having
sear ched for these markers (or features or ntt;lbutes)p it
is then possible to note thelr conflguration In an}
sent;nce an& so make inferences sbout the correctness of
that sentence. For example; the nodel says that
there should no comma between a main clause and o
following dependent clause,r Should a sesarch find a
subordinate conjunction somewhere In the middle of the

sentence that is Iimmediately preceded by a comma, we know

an error llkely has occured. (The appendix explains why

‘It Iss “f{ikely"™ rather than absolutely so.) Or shpujd we

find a coordinating conjunction between two ‘main clauses
that fs not preceded by a commas sgailn we can make the

bnference that an error has been made.

Y]




v

-

Perhaps theynost strnlghtf&rulrd way of discussing
the number and variety of these Inferences Is to describe
the épnputer program that performs them, It is convenient
to do so because s qouputpr program not only must “know
that™ (for lnsfnnce; that a dependent clause b‘glns with e
subordinate conJuncthnp. Lthat “when™ is a subor%lnu{e
chJunctlon; of that t#ere Is a comma before some n%rd),
it aust‘also "know how® (how to detgrilne if a string is s
dependent clause or how to find out If a comms precedes
ite) A discussion In terms of anrooran Is also useful
beclusevthe.bartlcular nppllcatlon‘of these Ideas is, of

course, a group of CAL tessons to teach punctustion.

SENTCHECK is a set of APL functions which takes as
input any sentence a student might enter, forms an
internal representation of that sentence which in turn Is
basis for COMCON's conversations with the student about
the correctness of the sentence. The theoretical basis of
the program Is the production system formalism ~“alreasdy
descr ibed. The program takes the whole of the

student®'s sentence as its dstas and perfofls dpﬁrntlons on

~
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o it sccordint to the varlous Indexing pstterns of its

B & o 7 e e e ar e s vk gy e e e v

production rules.

qusc rules,

given

belows

are

series of "IF=THEN™ statements which have roiuitederol

s
the attribute anulysls‘ described
For nows the focus is on those

in

. Appendlx

Ie

rd

production rules which consfltuto the system's internai

represention of the model

4 4

sentence. The responses given by the/ computer are not

of s properiy=-punctuated

2

tWose which the student finatily sees. (Those require an

E

extensive discussion of, among othey things, conversstion
~ L / ‘ .
theory and tutoring strategies.) SENTCHECK makes important
. use of 8 number of APL's best festures,

/

fnteractive naturey, its handling of arrays» and Its global -

particulariy |Its

and local variables. The thesis does not include codey
| , but this cheter will Instead talk about the APL
1 { functions in some detail and provide an movarvlen of the
! ) logic of the program.

. Figure 4.1 provides sn overview of SENTCHECK which

begins when function CONTROL Is called.

l .
. T e
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(In fact, CONTROL l;‘n "latent fu:Qtlon s one thst starts
‘lsosoon as its workspace is loaded. Th makes the system
extremely “user—=friendiy™.) CDNTROL, of courses excecutes
its lines serially, but- the structure it imparts to
SENTCHECK .Is~more heirﬁrchlcal'than hierarchicels There is
n; nacessnrily fixed m3rder for the. functions }t ceils
slnée the rules about connas‘ are “lndependent of each
othcf. SENTCHECK begins with coordinating conJunct’ons
because so-many punctuation errors revolve around the-‘lnd

»

the structural elements they join. Indeed, some functions
f

.may be dlscurdud*ultéqetper and some may '‘be called wmore

-

than once depending on what the Input sentence looks I|ike.

Puﬁ anot her ways the input causes the functions to produce

,;esults of different sorts, ‘and CONTROL acts as '

clearinghouse to share the information generated. Rather

‘then force a single decision on what SENTCHECK wil) do

next, CONTROL keeps the full range of potential actions

avilinble.

[}

. CONTROL begins -by asking the student to enter any *

sentsnce of his ouh-chooslng. The sentence is immediatety

sssigned ?to, two varisbles) ANS and SENT: ANS Is a buffer

<
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whose value will change fronm tlléhto time white SENT s

permanent record. CONTROL then <calls upon function CC

which begins a mapping of all coordinating conjunctions

-~

thé sentence might have (that Iss all Instances of "and",

"but™, "or™, "nor™, and "“for"),
~ .

CC does this by seeking al) instances of the strings

"and"™, 'but" etcetern, checking to make sure that s there

ils a blnnk before and ‘after each\§v that it witli anore
words that contlln them {(tike *“candy” or *butter™), and
then sorting the results of its mapping to coincide with
the order ,fp which the words appear In the sentence. C

(and all tﬁe search functions discussed below) actuall

returns s "2 by 'n" matrix ("n® being the number o

coordinating conjunctions In the sentence); éhe first rowm
in \enph column shows the position of the first fetter of
elah word,'and the secoT:#rou shows the posltl?n of _the
tast letter of each word, This dones CC then checks

whether a comms precedes or follows any item It hns‘nnpped

and assigns either a | or a 0 (for true or false) to an

sppropriate varlable, - It can therefore  map all
. / |
) - 101 -
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coordineting conjunctions In a sentence (up to s maximum

of five-—3 reasonable number)‘snd see how each has:\béen
; nctuated. - This . information s important because a
caﬁrdln-tlno conjunction followed b% s, commas is always
ur&nol a4 comma before;/howevaro can Iindicate either the

presence of a second main clause ("The noodles burned, and

.Y Polly cried”) or an error ("I like noodles, and cheese"),

v

i

All this information is{ stored temporarily and will become

the basis of the‘convetsafion with the student.

.

CC also calls three other fupctionst NEXTWORD,

\¥

WORDBEFORE, and WORDBEFOREBEFORE. As their names Sunges}o
they search out the words which precede and follow -any

particular coordinating conjunction. These three words

Toa

are especlally useful to -know |If the coordinating

coniunctlon has been used to Join the last etement In a
series of single words, (A series of groups of words
("From the hills)from the deles and from the valiey") must
be handied by asking t£e student for the words that begin

and end each stringe) Strictly spesking, this may not be

_ hecessary since CC also checks to sea If there is a comma

before a coordinsting conjunction, and this IiInformation

-
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can be used to decide whether the punctustion of .a series
is ;orréct. ,; . ®

I ’ nr

CONTROL then hands the sentence to SC» @8 funétion,

‘which operates Jike CC but Iinstead maps subbrdlnitlng

‘condunctions. These include "when", “where»,

"if", "because™, “although®, and sbout ten others. (Some
relative pronouns Iike ®"that® and "which® act like
subordinating conjunctions and are therefore Inclgskd In -
the mapping.) SC sliso searches\ for commas preceding
subordinating conjunctions becsuse they either indicate an
error or thét the “Writer wished to make a clause
nonessential. Again, th)s csnnot be determined without
otﬁer Information which will have to be collected in
COMCON's exchanges ult; the student. SC also ‘notes
whether any of the subordinating conjunctions 1t has
mepped begins the sentence. This Is important since s

subordinate clause which ;Ets as an Introductory eflement

must be followed by a comma, -

»

[

/ ~CONTRDL then calls CJA to msp conjunctive adverbs

>

r
-
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("moreover™ ‘"nevertheless®™, "therefore™ asnd so on).

Ly

fhese words are Iimportant because very often they act as

/

transTtions i'h togic between parts of a sentence ("I
think, vthereforep r‘an')‘or begin main clauses ("Howaver,
dolphins afso think"), A conjunctive aedverb must be
preceded By L semicolon when it ;épa}ntes two maln
clauses. CJA, therefore, searches for semicolons and

comimas associsted with conjunctive adverbs.

" Next CONTROL calls OTHERWORDS which looks for any
words other than subordinating conjunctions, conjunctive
adverbs, or coordinating cogJunctlons that are assoclated
with ‘%ommas. ) As the coordinating conjunctions,
subordinating conjunctions, or conjunctive adverbs sre,
n‘pped,, a record Is made whether there are co;las
sssoclated with themy and th; map of alil the sentence's
couﬁls is reduced appropristely. This II'O;S one to know
where other commas are in the sentence, and so can pernlﬁ

t

COMCON to discuss them with the student.

Finally, CONTROL célis FIRSTWORD which simply notes

the first word in the sentence. This informatio is then

- 104 -
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plssed.to FIRSTWORDDET and FIRSTWORDPREP to see if the
,that word Is élther a determiner (for example, Tl"’“the",
"some"™, and so‘onl of ‘s preposition. A sentence that
beglns~ with a determiner must always hsve that flrst noun

phrase as Its maln subjecte This means there must- be no

V1
comma followling It since there &s no Introductory element.

/ f
(Considers, for Instances, "The man ate grapes”™ or "Some men

are called Socrates®). Conversely, a_sentence that beglns
with-a preposition must have 1Its subject following the
tntroductory etement which that #reposltl&n starts (as Jn
"in winter, birds fly squth'). The only exception to this
Is when a preposition s‘used as part of & noun phrases as
in "0; slligators was §¥L my Interest™, a construction not

often encountergd in student writings The word "to" at

s+ the start also presents some problems since It can be

elthef s preposition ("To Torontos the plane takes three
hours™) or a part of an Infinitive ("To do good was 'my
intention"), Dﬁce more, this is Informstion that COMCON
must get by esking the student. A last programs

FIRSTWORDRELPR, fooks to see If either "what® or "that”

begins the sentencej since thelr ptesence would iIndicate’

- 105 -
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fhe séntence begins with s nouﬁ~cl|use {("dhat I need iIs

¢ @

hope” ), this sgain means the sentence hss no lntroductorg

A

| ,
element before its maln sub ject.

Let us exsmine some of the output that emerges.,
The studentt's words aere In upﬁercase letters and ihe
c rputer's' in lower case, Note that the flna!
lnglenentntlon does not give the computert!s responses ‘as

the& are here; theilr present form is simply to give one an

ldea\of the Internn& representation of the sentence that

i ,

was used in earlier versions of COMCON.
' N

y
enter d\sentencet

y ) s
Ly

v

WHEN THE CHILOREN SAW THE CANDY THEY WERE' HAPPY,
t

[ . ¢

there are nd\coordlnaflno conjunctions
\ ' ‘ .
the subordlnas\ng conjunction is "when"
Ty .
\ A Y
it starts the sentence

- 106 - h)
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. there are no commas in the sentence L

2 '

becsuse the sentence begins with s depengent' clause, It

needs comma before the subject

-

' That there are no coordinsting anJunctlons means

that the sentence ls made up of only one clausey, snd that
there is neither.a geries, a compound subject, verb, nor
obJect; Becasuse the subordinsting con%ﬁnctlon starts the

sentence and there are no commasy It Is cléar that the

. introductory dependent clause needs to be followed by a

cComma.

»

v

enter a sentence: ‘ ' !

L

THE CHILDREN WERE HAPPY, AiTHDUGH THEY SAW THE CANDY.'
there are no coordlnlflng'conJunctlons in the sentence
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»

th subordinating conjunction Is “although"™ . ~
(and It has s comma befare it)

the cbnin before tbe\ggpandent clause s wrong
. o — ,

»

[ T I

The sbsence of any coordinsting conjunction ngnln.,
p 3

s&ons ] slaﬁle {as opposed to a complex) sentence). The
subordinating conjunction, houever; coming somewhere other
than st the start of the( sentence shows that the wmain
clause begins the sentences This Iis further confirmed by
the presence of the determiner "the® at the start. And
because there is a comma before the subordinating
conjunctiony SENTCHECK can Infer that the sentence does
not }ollon the model which says that there can be no comma

‘between s maln clause and a dependent one that folilows It.

‘enter s sentence

.
. Co
- ‘4
.
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. FROM EAST TO WEST THE COUNTRY WAS AGREED IN ITS OPPOSITION
WHERE THE CONSTITUTION WAS CONCERNED.

there are no coordinasting conjJunctions

) the sqbordlnatlno conjunction Is “where”

Ve

there is no comma In front of It

-
0’

it does CQI{.It the start of the sentence
the first wprd is "from® -
It is a preposition

there are no commas In the sentence .

insert a comma after the introductory element
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Againy theﬂabsence of a coordinating conjunction but

the presence of a subordinsting conJjunction shows the

sentence Is complex, Because. there is no comma before the
subordinating conjunction and since it ﬁoes not come at

the start, the punctuation between the wsin and dependent

clsuses |Is correct. The. sentence does start with a

~ \

preposition which means that the main subject does not !

come first. And because the sentence lacks commass we o

q

know there shoutd be one a}ter the introductory

:
N |

preposi tionsl phrase, %

enter a sentence

] ‘ ﬁ
I LIKE CANDY AND TEA, BUT SHE DOESN'T CARE ABOUT BEER,

BUTTER OR BISCUITS,

here the list of coordinating conjunctions

- 110 - ‘ -
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snd

but

(with a ?Ollt before It)

or

there are no sub;rdlnutlno conjunctions
the first word is ™I"

It IS s pronoun in the\subJectlve case

"i" js the subject of the sentence

Here we must deal with three coordinating conJuncFioné;ﬁ
ond they are assigned varlables ccl, -cc2, and cc3.
Horaovofx\gyz have commas before them which indicates that
the sentence may be complex. (Note thst the prégrnn was

¢

! ®
- 111 -
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abie ‘to lgnore the ™snd™ In "candy"” and the "but™ in
o ) » \
“butter®™,) Whatever the unlts the eoordlnn{lnn

canunétlons do in f:ct-jolﬁ, they cannot .be determined by . ‘ !
the program without more heip, At this point, then,

v CONTROL  calls TALKCC and the “conversation® between

-

T em nen daens ca—t

student and systea begins.

The samples sbove show only some of the features of
the programhs internal representation. As work goes on

v . over time and new functions are addeds that representation

o e i o et 8

wlill qrow increasingly rich, But It remains simply o

preliminary to what one says to the student. Deternlninn

RNV

what to say and how to say It reailly means discoyering
what the student knows and appiylng at feast pirts of
conversation theory. This is the directfdbn in which the

/ next chapter moves.

€«
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CHAPTER V: -

ﬁﬁs STUDENT MODELS IN INTELLIGENT CAL

-

In the years since CAL cessed being what futurists
) . &
talked about and became’what instructkonsl designers did,

. "
It has been quite clear that traeditionsl branching strate- °
gles are not the stuff of educational revolufions. Since the

{ .
Seventies, research has become far more oriented f%nnrds

bul Iding lntellloeﬁt programs . that nnnlpulntﬁ modeis of
the real uqudles the student solves problems, rather then
nccess‘ftale; ss he ansugrs'lultiple choice qﬁestlons. At
thi‘;ane tise, It |lsohh|§ beébue clear that a far Dbetter

. A% - v
understanding of what the student knows at any one moment

is crucial in developing Intelligent Instruction. This

need exists not only from & theoretical point of view that -

8 good rﬁgulnto; must have s mode! of the thing regulated,
but from a g?onlkg number of practical experiences with
~CAL. Hartiey (1978), for éxilplo; speaks of thcy/i::ursef
records kept- of the stﬁéent' with the rcsulf that "the

-

. B 4
teaching s primitive Iq_ sccommodating Individuatl

- 113 - ' A

ot e et ot At e

:
s
4
4
!
&
N




T ——

EY e S NEARRR e Y Ry
-

e L s FEF . ame b =

differences since the decision rules are lsrgely based
- -~

only on the |ast response of the student™, Brown and

Burton (1977) see the need"QOQ‘l structural mode! of the

student to direct the contenf‘and level of the tutor's

comments®, Sélf {1974) sees a -odel'of the student st the

_center of “individualized teaching™. Kearsely (1977)

‘recognizes the power of such wmodels to '"dlngnos§ '

deficlencies in learning strategies/tactics® but points

\

out that this remains' a “conceptual hurdie” for most

e A ok e o A

cd;rent‘systeus. As has been already discussed Nerrjil et

als (1980) end their discusslon by suggesting TiCCIT's
instrugtlonll mode!l be expanded to account for varioug
differences in students. Finsliys my own work made it
clear that even collecting - mastery scores concept by
cpnco;t in order to  route. the student - to
driti-and-practice ;tﬁe no slgnlfkcang difference. - This
chapter, therefore, examines some of the issues involved
ln‘bﬁlldlnb models of the student, looks at s;no of recent
sttoppts, to do so, and offers an’ account of a model used

by COMCON. _

’ v
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As Kearsley (1977) has pointed outs, “most current
operational sytems have attained ({ittie more than
personalization or response Insensitive instruction®™,
That sy there are not many programs that go beyond
seif-pacing ‘desplte the ms jor élalu of CAL to

Indlvlducl]ze learning, The reason for such s fallure Is

‘fairly obvioust the five choices (and often fless) thst

) \
most CAL programs offer s student simply are Insufficient

for creating s sénse of what he knows. A student can

‘obviousiy  generate much _more varlety than thisy and one

has to understandxthut varlety in order to \freoullte" or
instruct him. Usually, CAL fessons cen record the paths
through right or wrong answers, but not the thinking
processes which produced thems Simply finding out which
sre right er Wrong - answers Isy of coursey, ;
strnlghtfornn;d tesk; tryling to infer what the student
mioght or might ot have tearned by interpreting those
answers is far more dlfflcu]t. Such inferences—-when they
can be made at sll--sre not essily done becsuse the
information Ilikely |is nublououkﬁ or fragmentary. One

findss as Howe (1978) points out,: systems that reason
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snswer that would ™imply a known mistaske or 'bug? in his

thinking”. Or else; there are systems that work In the

"opposite direction to hypothesize a bugy, iInsert it “in its

pupi! model asnd run the model as a simulation to see iIf It
behavior accords mith the pupiits |beh|vlor“. But ‘given

the vast number of pgossible errors to untlélgttco one Is

almost in the s g me s ltuation as the writer of programmed

lwsfrudilon frames,
Seif (1979) has cogently summarized many of the
problems faced when one tries to model a stuydent. Even

befo}e one can beglin the pracess of buiding a student

model, one must have chosen the proper representstion of

/\x .

the sublject matter Itself, Since the representation

probiem in artificlial intelligence and cognitive

psychology is far from being solvedy this presents obvious

difflicultiess . The actual content of a,sfudenf nodel -

Is another central issue since one

cannot always be sure which are the essential features of

evefy student's thinkinges In addition, Self talks of the

creatliony changey growthy executions comparisons plannings

- 116 = ’ ,V
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lonlforlna: and Fﬁe effliclency of such models., The |ist
Is formideblie, to say the least, But as he insists, the
whol: subject of modeling the student is essential, not an
wopt .nal extra". Let us look et a nuaber of
prog -ams which have In  fact nttenpted‘ to model! the
stu' nte Following Seif, we ;hould understand that the
lit: sture more often proposes models than implements
the- This reviews, therefore, st times reports schemes

for wuture worky not vet coperationat.

V;ry enrlyv CAL siwply vrecorded right and wrong
ans: rse Improvements such as those by Pepilinski (1970)
use: this information to generste more appropriate
ques lonsy 8 tactic stitt employed, Simitar faciiities
were. supplied by‘ Tayjor (1968) and by Smallwood (1962).
Ear! Intelligent CAL (ICAL) work spoke of-=but did not
imp! ment-—-more sophisticated models of thel student.
Cart nell (1970), whose 1lessons In geography used a
*sei" ntic network" t; represent Ikts knowledge Dbase,
sugc sted that "temporary tags™ could be pllced' at key
ngde of the network to show how much of the network had

)

beer sccessed In respone to student questions. Looking at

- 17 -
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tags would be Ilike 1tooking at ’ history of the
1t's interactions with the system. Wexler (1970)
used a se.anglc net In aeoo[aphy Iessoqs snd also
ited tagged nodes to see if they had . been accessed.
(1974) described a more dynamic “procedural student
" used In lessons whose  progrsms could predict
rs that would match the studeqt's. He argued that
nowl edge cannot be represented by s semantic net, and
further, the question of how the knowledge in a net

lated 15 o procsdural one., Stansflielid (1974) =also

uggested procedural models.

f s

By the flate Seventies, CAL designers had made
derable progress. 0%Shea's (1979) “self-improving
atic tutor” asutomaticelly emends tesching to fit
heses shout fhat the studept knows. His overatl
eQy is t& present examples tﬁlt Increase the
lhood of the sthdent discovering the dlffe(ent‘ rules
d to solve quadretic equationse. An  "hypotheses
" nnges estimstes of the student®s current knowiedge
By considering how many snd in what combinations the

o

- 118 -

DA, A Rege o

e

e

o

L%



sfuf
Thers
“wif-
con:
alt
funs
matt
of

But

app ¢
wher
gue’
thar
unce
achi
whir
Witr

rear

tha
com’

sug

nt has mastered the subject's three wmain rules.
become the left hend (or antecedent side) of

HEN®™ production rules. In other wordsy they are

tions which if fulfilied will causg the system to

its teaching strategy. The production rules
fon flrst to get the student to mester s particular
maélc:l rule, then a second (without losing control
he first), and so on until he shows complete mastery,
omplicating all this Is that a student often will}
r to have mastered a rule yet still fall to apply it
he shoulde He may also forget a rule, wake Jucky
esy or make guesses that could be achieved by more
one rule. The program attempts to compensate for the
t}lnty of knowing whether or not mastery has been
ved by welghting a set of values for Iits hypothoses
range from CERTAIN to DON'T KNOW fo CERTAINLY NOT.
these 'values cslculated, the system Is able to make
nable estimates _of what rules the student knous.ind
ach him sccordingly. O'Shea's research ’hns "shown
there is a significant improvement in the time to

ete lessons although not in student scores. The work

”

‘sts that a model of the student thaet charts which
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iency.*

Steeman and Hendley (1979) d-iscuss a “Problem-Solving
or* for students who are interpreting nucl ear
tic resonance spectra, Students wusing the sis;en
siready learned a relevant algorithm to solve
ens in the domsine. The program darlves:lts student
by analysing explanations the Student enters about
algorithm which led him to enter the series of
ents he 'did. It pays special attention to
sistent and incomplete student explanstions snd can,
ct) cope with a fair portion of what [t recelives,
suthors fol)low Pask (1975) who suggests that having
tudent enter his own explianstions requires more
vement (and so is of nore;educatlonal value) than

4

y watching the system list what it would do alven o

- - o -

Ithough this ddes not necessarll} incr ease

tivenoss.
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culer problems After having made his assertion, the

nt enters his explanation In natural Ilsnguage froa

the sisteu abstrects formsl {angusge statements with

to represent his under standinge. A "domain

ithm® works the same problem and ts “trace” Is
»

red to the studentts., A serles of comments from the

ﬁ to the student about his explanation follows.

The authors note that that the system is not yet
"natur al", A\iler problem Is that students often
from their explanations ¢things which they wrongly

ve lrrel?vnnt. The suthors do not report on how much

ept on ffle about a particul ar student--how typical,
xamples are his current errors, Such a facility
obviously present o fuilgr plcture than the

ently "one-shot™ mode that was descri bed.

\ ! )
1
i

Goldsteln (1979) describes a  model dbrlved from o
t]c graph® (of the gsme of WUMPUS) whose nodes
sent rutes and whose 1 inks represent "evoliutionary"™

iss increasingly sophlstlclted5Askllls. He suggests

Sy
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the graph allows far better student modeling than
formalli sms which genersily view the student's

edge only as s subset of an expert's. This subset is

ur'aged” to evolve |In the direction of the expertt$ by

g what is missing and then iIntervening. A graph,
ers cin‘represent an evolving structure of knowledge

permits tutoring decisftons to follow the leads glven
he student'!s reasoning processes, not the expert's
h mights of courses be quite dlffer%nt). In
ice, the system choose§ a skill on the "frontier® of

tudent model, one which It aﬁsuies the student s

to acquires, glven his current abilities.

But despite rejecting the strategy that sees "expert

edge™ 3s a superset of the student's; thersystem does

re student performance with expert perfor-ance;‘

t with the follou(ﬁo improvements! Rather ¢than o
e master performer, there fre a number of “players;
e WUMPUS ogame, esch with lIncreasing skllls that
spond to the skill plateaus on the gf:pﬁ. As the

£
nt makes 8 mover each player assesses It and suggests

. - 122 -
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which skills .the student is usings The decision as to
what skill he does in-fact use Is a weighted summation of

tt se suggestions with the sdvanced players furthest away

from the current level’of the student given the Jleast

-~

wejght, This results In a conservative model of the
student which decreases the chance of assuming he (s far
m e skilled than he really Is., Goldsteln cites three
m= jor advant;ges of the genetic graphes First, It provides
¢ more refined structure of skilils for the student model.,
S~cond, It sllows one to predict what skills are to s be

arquired next. Thirdy the {inks of the graph glve a2 model
b3

" or the fearning behavior of the student and hande an  ides

¢ which stratepkes to call on. -

Koffman and Blount (1975) and Koffman and Perry

(1976) use 8 student mode! to adJjust systqn responses to a

computer science studentt's levef 4s he writes short

rachine-language programs. A "probabilistic Qrammar®™

calculates which of varlogs' rules are being used by a
student. This is combined with & measure of the student's

proficiency level that iIs updated after each interchange.

§
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o
TSis level also determines how much feedback the student
will get, The model records the current and most recent
-change In the proficiency tevel for each concept, when
.each ‘was worked ons, at what level of proficiency, snd the
nimber of times the student elther rejected or accepted a
¢ "cept generated by the system. The systenm seleets'
¢ cepts for the studenf to work on according to a scoring
p lynominal and ainorlfhn which decides §f his level has

Just dropped or Is changing rapidlys If a concept has not

been used or Is at the lowest level, or If a concept has

nore'prerequlsltes than other contenders (and so can be

used as a kind of review).,

In summary theny) current ™intetligent®™ CAL wuses
;odels both to generate proélens at the appropriste Iev;ls
/ﬁnd to atter . teaching stratéo!es. This has always been a
gosl of CALs of course;‘but the - models permit a ftiner
selé%tlon of new probfems or remediation. Details of the
models themselves appear quite different despite the
slnltarl;y of function; this can best be explained by
differences in the structure of the subject matter. Tt

1

. does not seem llkely that a single formslism=--such as
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i R
Goidstein®s genetic oraphs for exampie—— can be wused In
¢very single aspplications* The wodel 1 propose here

, N -
extends current work In s number of ways. Firsty, it Is

the only CAL for English grammar that to my knowledge
attempts any sort of model beyond s simpie record of ndght
and wrong answers. (And many programs in co-bosltlon lack

!

even that.) Second, the model attempts to work explicitly
4/"
from an «algorithm very much (ike that given to the

student. This makes It simpler to see where he

has gone wrong and to inform him in his own terms.

-
¢

Often, aslgorithms in other CAL programs sre used only by
the expert performer or taught to the student, not to bulld

student models. Thirds the mode) provides information

both sbout the last fentence the student has entered and

his. punctuation of it. The former is used by the system

.

- \

* The punétuatlon skills taught by‘COHCON’ for instance,
are coordinate onesy in which there is sn asccretion of

skills, not an evolution., Like representatlons'of sublject

matter, stydent models are, I think, domain specific.
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to create its own Internal representntlpn of the sentence. i
The ‘latter Is used to decide what remediation to offer.
This declislon is relnrorchv by exsmining not only the
punctuation for tﬁe' last sentence. entér;d but for ail
s?ntences he has written, both in current and previous f
sessions. This nnturifly perulgs Selection of remediation
"to be more responsive to changing abitities. Finallys the
matrix formallsm with Its notstlon has the potential to be
generalized to other kinds of intefligent CAL thgt K

algorithm—based.
¢

I 'do not intend the model! to reflect ngrnlno styles:

‘or attitudes. Instead, ’lt’ records each _sentence

BEe e e e e s e

individuslly and then sdds it to the image of previously
entered sentences. Therefores, what s known about the
student .ls‘hls use or ulsusg,of the comms In sentences of )
his own composition. The model certainly can be combined -
with other information sbout the student when one develops

. an overall lﬁstructlonll strategy. This wiil be clear as !
- _ we examine the way the system uses the model, : '

w
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~ 3 Recall thst COMCON élkes ss  Input any sentence a |

=

student might enter and forms an internsl r.epresentstion
of its punctustion. This Is done by sestching the .
sentence, \ooking'wfor certain festures, notina thelr

configuration, and then drewing Inferences sbout where
mistskes masy have qccured. Hence, one has two sorts ot/

Informations what COMCON (the expert) thinks sbout the

’ sentence snd the student?s own notlions about commas as
’,——~§ reflé;ted by hlis fentence snd by his conversation with
COMCON, Fu(?hef» once the student enters more than one
sentthq,; - COMCON then has several pieces of information
Juhch*tooather constItJte a history of :hat‘ the student - .
knows or doesn't, This historys cest: into- a form -

compréhensibie to the programs cen provide COMCON with the

istuff of an edupntlodﬁl conversstion.

i . A e
3 ' . ¢ o,
Lo . iy

o M ( . 'a.
The same logic which informs COMCON's comma sl gorithm
goes into building the student model although, as we shall

sees the fbrnnﬁs must differ. COMCON (like other computer

PO

progrems ) both "knouws that®™ and "knows how't\lt knows thnt

s .

'S T
t
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a properly punctusted conqpund-colpdox‘senience tooks [like

thiss
(113,MC1LDC1Ysec (12),MC2(DC2) (5NEsI(S).

where Il snd I2 are introductory elucnt;»lml snd MC2 nre"
main clausesy, .DCl and DC2 are dependent clsuses, cc ls'|.
coordinating conjunctions, NE is a noﬁessenflal element,
end $ Is seseries. Knowing this, COMCON then knows what @
p}opﬁrly-pum‘tuntad sentence looks tike ;ud how an input
should be transiorned. . COMCON knows how to determine, for
txilplc; uhcth;r'cny particulsr elalpnf is s Introductory
element, a dependent clauses or any other component In the
model. And to putﬁ that knowledge Into practice, It
fotlows an alogrithm to préduce.tn internal representation

of the input sentehce.

a

A modified version of thet algoriths hss been used to

teach students punctuation ilthouoh the format the student

[
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sees is briefer from that which the computer uses.* Flgure- -

-

.
Ay ety s e e

5.1 shows the algor ithe in flowchart form.
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* In fact) the \student first sees the nlqo}lthl in s
) " fairly compiete prose version, then a flowchart versions -
and finally as. the acronym "CfINS".' The incressingly
shorter forms are Intended to reflect the process of
internalization by which the.studept frees himself from
the complications of memor izing tong sets of lnstrUctlons;,‘

-
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(continued
next page)

) \
START
A 4 Y
ANY _
COORDINATING N .
CONJUNCTIONS
?
YES
BETWEEN
YES - | MAIN NO - ‘
CLAUSES? A N
N | o
MC1, CC MC2
?
| —>
NO
BETWEEN TWO e
EQUAL UNITS? M ggnSXE ol
YES X, CC X
?
NO
! ; YES N ’f
BEFORE LAST B
ITEM IN A —/!C(no N
SERIES? NO OMMA
! v
&
»

FIGURE 5.1A: The Comma Algorithm
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r YES A
- ANY ,NE, ADD
NONESSENTIAL [ | - or COMMA(S)
UNITS(NE)? NE. ? Ko .
YES
/ NO
- 2 YES a
“ % | ANY I, MC ADD- .
INTRODUCTORY | COMMA
UNITS? NO
NO
R
LR 1
. . |
§ FIGURE 5.18 (continued) |
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OTHER
s -| COMMAS?

Y

" SUBJECT,
VERB

YES

NO

MAIN,
* DEPENDENT *

CLAUSES

YES

NO |

v

VERB,
OBJECT

- NO

v

MC1, MC2
(COMMA SPLICE]

YES

¢

S

NO

v

BETWEEN

‘| ADJECTIVES N |

A LIST

YES

—

NO:

FIGURE 51C: (continued)-
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The algorithm directs the student to: perform & number of
searches (for, coordinating conjunctions, " tor dependent
clauses, and so forth)j to check to see that If such
- ,elements exist that” th:y conform to the model of the
properly punctusted sentencej; and finally to make ;uch
changes as are//requlred by the modei, In effect, the
student goes through the same procedures as COMCON but
‘with a less explicit algorithm.
Y

The algorithm (tself has been shown to be successful

in fleld tests (Keller, 1980). It therefore Seenms
reasonable that one can <create a student profliie by
searching for those places uﬁeré'the student, after having
been taught the .algorithm, uses or falls to It. For
exsmpley, the algorithm says one must check to see {f a
coordinating conJunction Joins the last element in a
serjes; should the student not do this, we know something
important about his under;iandlno of punctuation. And
this is so for each operstion the algorithm speciflies.
Moreover, thls. information is routed to the conversation
part of the program which then will call attention (or

lJert) the student to the feature In question and his
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‘punctustion of it.

The model itself Is an n by 111 matrix where n equais
the number of different sentances the student h’s entered
over time. The 111 columns represent the varlous sentence
features and the punctuation possibilities open to the
student as he writes his sentences, The best way to
think about the wmatrix Is as a series of lll-element

vectorss each of which images g single sentence input &

Each eiement of the vectors can have three possible
valuyest 1, 0, and -1. A "1" signifies either fhlt
something ls true (such sas thnt\th;re is a certain fettU(e
present) or that something Is correct (a comma Is In the
right place), A "~1" shows that there is an error (a
missing or e extraneous cgnna); 0 "0" shows that
something Is not .there (a <certain possible festure Iis
.absent) ory Importantly, that there is no evidence on
which to make e particular Judoe;ent. This last s
central becnysé although one would prefer to have used
only Boolean vsiuesy there are times when it Is Impossible

=~
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to say elther "true or false®, One must distinguish
between what is false and what 1Is merely unknown or
undecided, There wit! be times when a student sentence
simply will not offer sny evidence at all lf. he knows @
particular concept.*

A seemingly Inescapable fact of producing student models

Is that they will often be incomplete, Flgure 572 is a

typical matrix (truncated here for convenlencgf that showus
the data representing three sentences that the student has

entered:!

0000000000O0O0DO0OO

101010611010000 -1

~0\1 010110111000 -1

Figure 5.2t Truncated Matrix Showing The Data Representing

Thrge Student Sentences

* For instance, If hils sentence does not have an
~

introductory element, there Is no way of knowing whether

he does Ip fupt know the rule about introductory

el enenfs. ‘
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The rows represent separute_sentences; taken together as
the matrix, they show a histoary of the student?s exchanges
with the system, (The inuts here are. completely
arbitrary; I include them only to provide an idea what the
model looks like,) Figure 5,2 can be;t be understood by
conslde(ino it as s serles of vectors, esach of which
images one ' sentence’ the student has entered,
Indeed, these _vectorsv fhenselves are made up/of L]
concatensted series of smaller vectors. Each element
reflects either a feature in the sentence or an action

i
that could be taken by following the punctuation

algor ithme.

To take one exnlﬁle, consider the vector that shows
Introducéory elements, It must be more explicit than
the comma algorithe In Figure 5.1 since It not. only
considers the whole introductory structure (that is, I, MC)

but also the particular festures that determine Iif a
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AT o rhead .

string at the "beginning of the sentence Is or Is not
Introdwctor;. In |&stlon to this, the mode! wmust also
show the student's actions. |

To continues, this introductory vector has eight
elements, the first of which (V1) “says whether or not
there s an introductory element In the Input sentence,
Its valuey, therefore, can be oniy 1 or 0 for yes oé no
(-1, recatly, |Is reserved for when the student errs). V1
Is assigned a value both by asking the student and by
looking at the first word in the st}lnn for indlcators of
an introductory element. Shoul? the student ssy there |Is

sn  Introductory elementy, COMCON scans ahead to see If »

comma is present that might separate it from the main part

of the , sentence. If it does find -a commay COMCON asks
the student If the function of that comma is to seplrage
introductory and main parfs. The system uses this answer
to fiil the secqnd element (V2) uhlch Indicates {if there

is & comma after the lntoducto;y element, The value here

- 1377 ~_
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can be either 0 or =1l.% ‘ .

Should the student have snswereds however, that there

1s no introductory efeuent; the system would check that

. agelinst V3 thrqugh V8 which are ossigned by the systenm

itself as it snalyzes the sentence and to see If the first

word In the string is a prepostion (V3), a subordinating

“conjunction (Vé4), @ conJu&ctlve sdverb (V5),a ref ative

pronoun (V6)y a stock phrase (V7)y or a single word
interjection (V8).%% The festures in these last elements
are important since alt of them Iindicate that gh; main
subfect does not come at the beginning of the sentence a;d
thus the sentence must include \:n introductory element,

The combination of an "0" in V1l and a "1" In any of V3

# Note also that if V1 Is O (that 1Is, there s no

IntroductO(y clenegt)p V2 must ailso be 0 to show there Is

no comma.

f* In the case of the stéck phrase (e.gesy"As o matter of

f;ct")’ the scan naturally includes more than the

first word.

S e S Sl ittt et
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-through V8, therefore, indl cates that the studth has sn
Introductory element In his sentence but has failed to
recognize it. The following vector, for exsmples showus
the case of a student whose sentence began with a

o subordinating éonJunctlon but who did not recognize that

this meant there was an introductory fement which

required a comma! h
0001000 . « : \
N . A
i
s 4 .
Using this information, the systes ce take the

appropriate remedial action. \
‘ \

The same logic |Is used for the othor‘subvectorsp snd

there Is one for each major section of the algorithm:

.coordlnatlgo coﬁJunctlons. nonessential wunits, other
commas present In the sentence, as well as iIntroductory

‘units. The coordinating conjunction vector shows
coordinating conlunctlons between wmain clsuses, equal

units (further divided into single words and groups), and

sertes (again divided Into single words and groups). The

"nonessentia g unit™ subvector shows whether pairs of

- 139 - |
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'eounls enclose the-string (onhe or more uord{) in question,

The stringdgfelf Is determined by a conversation with the
student which both asks him if * something is
nonesssential and alerts hlurnbout possible er;ors ]n its
punctuation. . And.flnal|v: the ®Dther Comma®™ subvector
shows that commas not accounted for by any ather
concept are there because they either seplrate‘ subject

from verb, ‘verb from obJecty main clause r(on follpnlnn

dependent clause, maln clause from main clause, or

. modiflier from noun.

“* 1

L

AN

Having céppleted a conversation with the student:

about his sentence, COMCON then

concstenates all subvectors and adds them as the bottom

row to the matrix which serves as the student model. The

system also records the original sentence and a correcttdﬂ

version (which Is generated as the conversation drogresses
and which is showun téithe student for comparison with hls

own)e COMCON now has e picture of the student that

_extends over time and It can check either Just the last

sentence or any previous ones.
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) A

In order to decide on remediations COMCON

exmines fhe model In the following mannert A scan beglins

by looking for ~1's in the bottom row (leeesr the last

" sentence). HQann found oney it then goes up that cofhln

4

checking to see mhether the error wes habitus!l or

temporary lapse.¥

-Bpfore the student enters his nQ:t'sentcnce, the gystenm

will off,r him a brief remediation on the }opic. This s
repested 5pr each,-l locsteds The scan then looks fdr il
1's which indicste correct punctuation. Again, the
psrticular column Is scanned, this time to $ee if the

student has corrected previous errors or shows a history

of being rights. A comment is ther sefected from a store

of readled ones., A third scan looks ;t the second to fast -

e
o

row {(the sentenép previous to the one just entered) and

“again fooks for =1's. If It finds one, It looks .down -to

r

the 1last. row to see If there that would indicate whether

L3

Y A 4D S .

* "Hablitual® is defined as two or more errors in the last
three'lttenpts; "temporary” is defined as an error only in

the last sttempte

[
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¢ | that concept was not at issue in the latest sentence.
This shows that the s&égent‘5qrred but did not really
sttempt to correct himself. . The systesm tiHen presents !

an npproprlatc remarke -

In -facty s wmatrix r;prosentntl;n can accommodate o
very large number of remedisl strategles, One csn scan
d;eyond the last three sentences If one wishes; Ehanoe the
definitians of ™hablitual® or ™temporary“; look‘qpt at
single kind of error but clusters of errorsj and one
can decide if the student needs‘r\qgglntlon as brléfnns 2
single reminder or as .dong as s wmini-lesson. The

decisions wiil naturslly reflect whatever instructionsl

theory the teaching uses, but the point here is that a

S e A O 1 B BT
)

- matrix representation oliows one a sense of the student
that is both current and evolutlon.r;, and one can examine
as much or as little of It as desired.

. ‘ -
The nogel can be faulted In s number of ways, Uniike l . C

Goldstein®s (1979), It does not permit one to predict :

£ ‘
# which concept the student will need next. But this has
" . ‘more to do the subject matter than the model because the
' - 142 - ;
N Al . A L
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skills taught here sre coordinate ones. That Is» the

student must ,knon' the use of the comma for sil concepts

equally wells  Learning gjgh. particul ar ~conce,pt is»
however, 8 hilerarchal processt to know that a following
subordinating conJunction should ‘be separated from |Its ;
main clause requires first knowing what a cleuse Iss then
what are =gain and su;bordlnnte clauses) and then
;ubordlnntlnu conjunctions,
| . N

However, the ;odel does have some predictive powers.

If s student hes consistentiy made a certsin kind of

. d
error, the chences asre that he wiii continue to do so. In \ﬁxﬂu’ ‘

\

ket

such 8 cases generative CAL would produce examples o

elicit that same error until It no longer existed. But : i

»

‘ : o

COMCON does™not generate examples; (It assumes that the
sentence the student writes Is a reasonably accurate i
roflcctl;n of his skills. The model, therefore, makes
predictions not to write neu'axllples but to call up the
npprpﬁrlate - level of remedistion, The designer can ;
sp;clfy any set of parameters he wishes in orderk\d do

thise. Future resessrch will consider), howevers it
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generating examples (or teast displaying "canned” ones)
might be "the nppropflnte evel! of remediation” in certaln

cases.

Another criticism of the model one might make, again
following Goldstein, is that |t represents a subset of the
subordinating conjunctlions.

Howeéver, the model does have some predictive powers,

If & student has consistentiy “mude 2 certain kind of

errory the chances are that he witl continue to do so. In

such a case, generative CAL would proguce exsmples to

elicit that same error untii Jt no longer existed. But
COMCON does not generste examples; (it sgsumes that ‘the
Sentence fthe stugent writes is gnreisonlbl; accurate
reflection of his sk;IIs. The nbﬁelp ‘Therefore{ n;kes
predictions not to write new exsmplies but to cell up the
sppropriste level of remediation. The designer can
specify any set of parameters he wishes In order‘to do
this. Future research wiill consider, -however, if
v :
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-
generating exsmples (or at least displaying “canned™ ones)

¢

might be "the appropr iate level of remediation” in certein

cases, . f7

“Another crltlclsu\;f the model one might make, a%rln
following Goldstein, is th;t it represents a subset of the
master performer, not the student ory more preciselys, the
distance between what the student does and what the
algorithm prescribes. This Is a criticism common to all
expeft CAL systems which measure the discrepancy between

what the master performer can do and uﬁat the student In
fact does.. The result is a model which msy not sdequately
reflect thel student's misconceptions.: This is a
thgoretlcnl criticismy but not much help at a prncglcol
level, If one could predict every possible misconception -
a student ‘might have, one could simply write s frame for
each one. But that Is not feaslible, even for a restricted
but still remlistic number. Instead, this program tries
to iInfer from the input sentences.and from conversations
with the student where he falled 40 apply the algorithe he

was taught. Remediation proceeds from there,
t
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One might aslso add that a wmatrix with 111 or so
columns and many rows |Is too big to be convqﬁ%ently
handled. It is here, I thinks that using the conpgte?,ls
really Justified. Without going into programming details,
COMCON Is  written in APL, s langusge that manipuiates
satrices with d}eat efficiencys Scans - up» down, sand
2Cross ] matrix are primitive operations in APL.
Functions are essily written to access any portion of the
matrix according to the instructional strategy required,
snd these can be documented so that nonprogrammers can
understand and use them, In fact, unless such difficuit
and complex computations were Invoived, what would be the
point of using a computer In the first place?
)

Research shows glving a student an algorithm can be‘t
means of effective teaching (sees for example, ’Lnndnp
19763 Ger lachs Reisers and Brecks (1975)); It follon¥ that
sligorithm~-based student models should also- be 'successful
because they should wmake explicit where the student has
gone wronge. Howevery we have to be able to recognize st

whlch cruclal points-~and why—==-model and algorithm
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dlverg;. The work of Donald Norman (1979) s
useful in discussing both algorithms lnq models. Norman
spe;ks of "schemas™ or "frimeuorks on which to interpret
one's experlences™.* An algoritha Ss tike a schema because
once an sppropriaste ' aiqurlthn has | been selected,
information in the environment can be, processed. The very
strength of the algorithm Is that It ddes not have to deal

AN

with only s single set of dats bute~=theoretically~=can
Y

deal with an infinite subvariety which f,lls within Its

classifications.

Norman a]so makes an Important distinction betwegn

* Such franeuo:ks permit us to reduce the amount of

processing of Information we must do to make sense of the
world and cesn also vpermit us to make Inferences about
thinos we: cannot Immedistely perceive, Once we have
selected the right schema for a vparticular set of
experlencés; Wwe can -deal with & wide variety of
information, ™imperfect mstches" between our schems and
- our ran_experlence. |

!
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"conceptually driven® and "dsta driven” Information. I?
the former, the concepts underiying s particuler set %TN
strategies are used as the system solves whatever prqblen
it hasy, and deals only with relevant portions of datass
ignoring everything eise, In data-driven anslysis, the
opposite is true and the system works by gxnnlnlng pleces
of data to see If they are Important enouqh:to sttend to.
(Assunlég, natuJall}. .thatJ we can specifiy what is
important.) The two proceduress although quite different

in directions, can be worked together so that “gne |Is

capable of focusling . » o+ attentlon upon particular

ﬁ;;;ks yet not missing what Is present in the environment.”

This is a8 falr description of what one does
when building an algorithm-based model. The mode! must
reflect the probable data --what could be in the
sentence-- and slso the controlling concept for dealing
with the data--what the expert and the student think must

be done to the sentence, It Isn't enough for the model to

-show only tqn\actlons the student “takes3 It must show what

\\lctlons he could take potentliny. Similariys
m
there must be a way of showing the actions of the expert,

lpproprlate

|
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both actual and possible, A modet, therefore“, nust
contain information about the problem (and its possible
permutstionss combinationss and solutions), about the
expert's manipulation of the problemy and, of course,
about the student's. All three must be represented if one
is to have s conversation with the student about his
sentence's punctuation, An algorithm may have such
informations but Implicitiy; a model must make it
expilicits As a practical matter, when one siys that the
model wmust be more explicit than thla algorithm given to the
studlentn one means It s the most complete
version of the slgorithme Second, a mqdel must also show
not oniy which paths have or hnvs not been ;ccessedo but
paths about which there Is {insufficient Iinformation to
make Judgements sbout th'e student's ability. The notation
used must distinguish among them. And third, becn:se not
every node In the algoritha reflects the same type of
conditlons or actionss there must be s distinction between
whut\ Is observed sbout the sentence {is there s comma?)

and what is done to it (was one Inserted?).

-
«~

- 148 -

!

L



I think this third Is especiaily important because an
algorithm is & kind of pro‘ductlon system#*
==a psir of sntecedent—consequent statements which direct
the user to do something if certain conditlons are met,
These conditions asre themselves the product of an
“atrribute analysis" which determines what are the

asttridbutes of some particulsr object. For example, some

{but not atl) of the attributes of a proparly-puncﬁtu-ttd .

1 |
compound/ complex sentence are the following: s comms

between the two main clauses If they are Joined by
coordinating condunction and no commas between the maln
cl auses and the following dependent clauses, This can be

further broken down by consider ing th‘e attributes ofs for

» t

* The term 'proddctlon systen” s closely identified with
Newell and Sll‘on 1972). ., More recent |lterature, for
,exampley Waterman (1978), sees the production system as
one kind of "pattern-directed inference systel";. t‘hnt is»
ls;vstens' whose various parts may be activated by
encounter ing differant portions of Iinput, See 'C'hnptor

ITr.
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example) a dep;ndent clause?! It begins with a coordinatlng !
conjunction» has a subJject and a verb, and cannot stand
alone and make complete senses And still further }nalyslg
of a subordinating conJjunction wouid show that'it is e
word that Is elther "befuref OR  “becguse™ OR *‘uhen" OR
mif* . . . etceters, Both the writer of the algorithm
and the writer of the student model must do the same kind

of analy;ls down to whatever can be assumed to be the most

primitive element.,

Having done such an analysiss, both a nmodel. of the
stuéent and an nloorlthn\ can be constructed. But noat ' ;
ever; attrlbute\need be explicitly represented In the
sigoritim,. One can expect that the stude;t does not need
everythlnﬁ spglled owt in grest detali-—indeed) that much
direction nould produce an overly—-complex set of
Instructions, not tikely ta be Internslized, All  the -
algorithm need do is provide s "controlling concept® (to
sppeal to Norman's detlnctlon) and let the model ‘account

for the potentislities of the data. Ih the matrix sodel,

esch oprimitive element Is represented by a cell which,

~
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as we've seen» can hsve one of three possible values!? !
¢ 1 signifies either something fs true (Its existence can
be ssserted) or that something is corredt and so very guch
Ifke s Boolean 1. However, the Boolean 0 must be broken
into the other two valuest a -1 to show the student was
incorrect and u‘o when elther we can asser t something is
absent or' we qop“t kNoWe This “neutrality® of va{ue
foliows the problem that much of our information about the
+ student will be incomplete or ambiguous. A master key, of
courses must be maintained to indicate which numbers i

relate to which attributes.

'

°

9
It s, of course, a tong and complex Jab to do the
kind of analysis required to produce such s model. But
without such ;rrorts, one: {oses one Qreat power of the
slgorithm to make teaching explicit and so help us model
the processes of the student's wminds Lacking such e
*model, claims sbout the “intelligence® of CAL surely

must fe tempered.
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program  can solve a probles. COMCON depends on
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CHAPTER VI ‘ )

COMCOM: THE COMMA CONVERSER .

AN OVERVIEW OF THE PROGRAM

This chapter descr ibes The COMMA CONVERSOR (hereafter
called COMCON)» a genersi, quasi~-inteliligent CAL program
that teaches the use of the comms in English sentences.
PGeneral® mesns COMCON can deal with any sentence the
student might write, not: merel} "canned® onpes. Such
sentences can be elther simpl ey compound, or
coipound-bonplex (although the the present ;erslon.clnnot
go beyond two main clauses). | "Qunsl-lnte!lloenf"
means that COMCON csnnot produce a perfectly, punctuated

sentepce by itself the way an intelligent mathematics

information the sthdnnt can provide about the semantic
nesture of the sentence before It can reach a solution.

However, as [ anuep this exchange between hunnh and

- 152 - | ‘ .
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1)  SENTCHECK,

. 2) TALKCC,

"the sentence®s coordinating cohjunctionss

t] -
B

=]

. B ot et L PR . R IV I R U R R A A

v

. v
. . 7

sachine Is Itself an Important part of the student's

fearning.

T‘

Figure 6.1 provides sn overview of COMION wend |its

seven major components!

8 "sentence checker"” which accepts the

. Input (any an English sentence) the student enters and

buitds an internal representation of Its. pun'ctuatlén;

"

v
{

v

a set of conversations With the student sbout

+

1

3) TALKNE, @ set of conversatlions about Its nonessenti al

-

elements;

4) JALKINTRO, & set of .

- iIntroductory elements;*

4

55 TALKEXTRA, a set o}. conversations about any extraneous

-
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X
1.0 2.0
SENTCHECK TALKCC
/
7
f 7
/7 .
|/
l
N
b A TALKE
Y & 4 : .
7.0(C
HELP L.k\ ‘
o h 4
N .
‘F T \*' 4.0
| | TALKINTRO
N ,
B
AN
¥

. 6.0 \o] ./ 5.0
REM X TALKEXTRA
S
Q.
\ {
»
G
FUGURE'6.1: THE COMMA CONVERSER
System Overview
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commas} .

«

6) HELP, a faclliity made up both simple information and.

Interactive

) "asini-lessons® on terms and concepds -
-~ @ incountcred In the varlous "TALK® programs;
oy
7) ,and REN, a progrem which 1ooks at the information
f NN generated by the -other proozaus and then produces s short
review and remediation of student errors.
. -
.7‘ .
h‘ & 4 X o
A/ . 1
N : )
nr \
/ 7 .
H -
' . - 'l
v K ‘- 135 - ‘ :
! v
: . )

r~

2]

L e N P I

}




‘ f .z - .- v [Ny I N RN X

Esch component iss In fact, ; suite of APL functions %slnn
s totsl of sbout 400K of(wemory on an IBN 370, The Aarge
amount of space requl%e makes it necessary to distribute
CONCON over seven workspstes. This In turn mesns that

Iy

CDHCDN‘ must use the host computer?'s file systems» not only

to record student date, but to communicate key information

about a sentence between APL workspaces. (This iIs much in
the same manner as one uses APL's “global varisbles™ to
communicate information between functions |In the same
ﬁorkspaqc:) Unfortunatély, the amount of space and the
number of scans COMCON must do make the cost of running
the program in a tlue-sﬁgrl?g environment far too

expens lve for Implemention Into the present curriculun,.

" Its use so far has been 1limited ¢to refatively short

sessions (about four or flve sentences each) uith a group
of sbout ten students enrolled “in s remedlal writing
course st Vanier Colleges, .an English-langusge CEGEP in

Montrest. (CEGEP'S - are rouphly simitar to junior colleges.)

After SENTCHECK has been loaded (either by the
student or by the system), esch of the TALK programs Is

sutomaticalily called Iin the order given in Figure 6.1,

¢ - 156 -
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The exception to thl; is HELP. which tha student csn sccess
st any time simpiy by onterl;a the word "HELP®, (This ?
requires -that esch Jocation where COMCON solicits input
- must be given s unique address which Is used to return the

student to the right place after he has done with HELP,) !

. . f

f
q

Some ssmple runs of COMCON wilf provide a sense of

fts capabilities., ]he program asccepts any sentence s ‘

* . s
. student might enter and begins an exchange with him about e
the correctness of Its opunctuation. Th sentences

reproduced here have been taken from essays ;rltten‘by
students in an Effective Writing course who had hsd about
thirteen weeks of letructloh in punctuation and qrammar. . |
This meant ‘that aithough they were not expert writers,
fhey were -at  least famitlar with thg terms and concepts
they would enéounter In COMCON. Unfamiliar ltems could be

sccessed through the HELP faclility.

‘Once the sentence hss been entered, most of the

. I3
/ »
.
N !
*
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ENTER A SENTENCE? -

output below comss fr?- the computer, Howevers this is

E)

what Is needed tolnatch the student®s ver lety, not simply

the generation of computer variety for its oﬁn sake, For
the sake of claritys aesterisks shlow the student's words.
The program begins with s few remarks and thop invites the

student to starts

4

SIN HIGH SCHODL I DID NOT LEARN ANYTHING MORE COMPLICATED
THAN NOUNS» AND VERBS. - ' ¢

Pu

‘-\
ARE THERE ANY COORDINATING CONJUNCTIONS IN YOUR SENTENCE?

t
N

*YES
READI%G FROM LEFT TO RIGHT, WHAT IS THE FIRST ONE . YOU SEE?

*AND . ) “

- 158 -
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RIGHT.

DOES IT JOIN TWO MAIN GLAUSES? e

4

*NO

DOES IT JOIN TWO EQUAL THINGS?.

i

*YES
ARE THEY SINGLE WORDS?

N

*YES

"\

LET'S LOOK AT THE WHOLE THING.

WHAT IS THE FIRST WORD IN THE STRING?

*NOUNS

3

WHAT IS THE LAST WORD?

- 159 - !

L

-

LR I A A B IR T N YA A




gt [ ) Y v IO '
R + i QI GBI T B e s M e S e« S 1 S Al s E b 8 b e e - e e e am emam e a

4

\ .x' -
wvenss'if '
. NOUNS, AND VERBS T )
g : : )
ARE THEY JOINED ACCORDING TO "X CC X"?
‘ ‘ y
i 4
*YES
NO, YOU'VE PUT A COMMA ,éjmnae THE  CODRDINATING
' !
CONJUNCTION, :
REMOVE IT.
]
LIKE THIS?
IN HIGH SCHOOL I DID NOT LEARN ANYTHING MORE COMPLICATED
THAN NOUNS AND VERBS.- |

ARE. THERE ANY OTHER CCS? .

T - 160 -
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G e e towd

‘IN HIGH SCHOOL I DID NOT LEARN ANYTHING MORE CDHPfICATED

- s ' v X

i had "‘"“‘”‘4 . - P2 3K 2R S A B S K e A Wt YRR A R A B EA R RS B v S OwErereiery

s :

ot e b e ammim b
)

. !

'ND‘ , . .

| ‘ .

\

- THAT'S CORBECT.
IS THERE A NONESSE&TIAL ELEMENT? ' -
*NO \
‘@
4 »
HERE IS YOUR SENTENCE: -
[}

THAN NOUNS AND VERBS, '
DOES IT HAVE AN INTRODUCTORY ELEMENT?

#ND

2
o
ey it o b o 2

- 161 - " ‘ ot
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~J

WHAT ABOUT  ™IN"? A PREPOSITION AT THE BEGINNING OF A
SFNTENCE USUALLY MEANS THAT THER&‘&EIAN INTRODUCTORY
ELEMENT. ' -

DO YOU THINK THAT THE GROUP OF WORDS BEGINNING WITH "IN®
MIGHT BE INTRODUCTORY?

*YES

-~

WHAT IS THE FIﬁST WORD IN THE STRING? £
*IN . ‘ o .

WHAT IS THE LAST WORD IN THE STRING?
4 .

]

*SCHOOL _ 4 : :

HERE IS WHAT YOUR SENTENCE LOOKS LIKE WITH THE POSSIBLE
INTRODUCTORY ELEMENT PLACED AT THE END!

r

"1 DID NOTALEARN ANYTHING MORE COMPLICATED THAN NDUNS AND

/

o ) - 162 -
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VERBS IN HIEH SCHOOL.

DO YOU THINK SO NOWT

%

*YES

)

YOU NEED A COMMA AFTER "IN HIGH SCHOOL™.

ADD ONE--LIKE THIS!

IN HIGH SCHOOL, I DID NOT LEARN ANYTHING MORE COMPLICATED .
THAN* NOUNS AND VERBS.

L}

6

HERE IS THE CORRECTED VERSION OF YOUR SENTENCEi

-

I“ HIGH SCHOOL, I DID NOT LEARN ANYTHING 'MORE COMPLICATED
THAN NOUNS AND VERBS.

- 163 -
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COMPARE IT TO YOUR ORIGINAL!

IN HIGH SCHOOL I DID NOT LEARN ANYTHING MORE COMPLICATED
THAN NOUNS» AND VERBS. ‘

T s

~ 1 .

[
~

“AND™ JOINED TWO WORDS OF FEQUAL ~IMPORTANCE, BUT YOU

SEPARATED THEM WITH A COMMA. REMEMBER THE MODEL

X CC X ' | .

THERE SHOULD BE ND COMMA BETWEEN EQUAL THINGS.

REMEMBER, AN INTRODUCTORY ELEMENT MUST BE SET OFF FROM THE
NAIN SUBJECT BY A COMMA. - -

YOU DIDN®T HAVE A CONMA AFTER THE INTRODUCTORY ELEMENT
- 164 -
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THAT BEGAN WITH A PREPOSITION.

// -
-

*r e e e

ENTER A SENTENCE! S C 8 !

*I STILL CANNOT HOWEVER, PUNCTUATE PERFECTLY, BUT AT

LEAST, I NO LONGER PUT A COMMA WHEREVER IT SOUNDS CORRECT.

ARE THERE ANY COORDINATING CONJUNCTIONS IN YOUR-SENTENCE?

~

S .. KD |
’ |
i  YES, THERE ARE. ¢ ' i
‘ / ‘ - '

, ’ i
- 165 -
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A de 5 o oer oA ment % e i

"READING FROM LEFT TO RIGHT, WHAT IS Tﬂé FIRST?

\ i

T eBUT

RIGHT.

DOES IT-JOIN TNO MAIN CLAUSES?

*YES

o

-,
haaine stuUSER AR e A B BEL R b LA I Y N I I AR A Y. L P T E Y LI I Y

>

LET®S LOOK AT THE FIRST ONE. T

)

|

WHAT IS THE FIRST WORD.IN THE. STRING?

*I

L3

THERE ARE 2 OCCURRENCES OF ®»Iv,  WHICH ONE D0 YOU MEAN

(L 2y 3, ETC.)?

*]

WHAT IS THE LAST WORD IN THE STRING?

- 166 =~ : .
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*PERFECTLY o :
I STILL CAN HONEVER, PUNCTUATE PERFECTLY L : .

w

e — it

AND NOW THE SECOND--

! ~

»

START  WITH THE WORD RIGHT AFTER THE COORDINATING

CONJUNCTION,
) ,.
WHAT IS THE FIRST WORD IN THE STRING?
*AT ‘ . » o e . .
WHAT IS THE LAST WORD IN THE STRING? | N .
- . N . - s i (* -
*c000- | S S
* . ¥ 4 ' ’ M . , ‘.
' SO WHAT YOU ARE JOINING ARE: . . ' AT
, - 167 -
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3
“ g |

/T STILL CANNOT HOWEVER, PUNCTUATE PEREECTLY

AND *

AT LEAST, I NO LONGER PUT A COMNA ~YHEREVER
CORRECT. “ |

;

‘ i ‘ “w
¥
b

ARE THEY JUINED ACCORDING ro' whe1, cc aC2"t
-~ ‘ ) ““T\ ) ;
*YES :
. P
. THEN YDU'RE RIGHT. .

W

o ARE THERE ANY°OTHER COORDINATING CONJUNCTIONS?

*NO
THATYS RIGHT, | *
- h v ' .
e | ) ' ’
IS THERE A NONESSENTIAL ELEMENT?
- 168 -
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i
- &
NO /

o
WHAT ABOUT "HOWEVER™? ' . :
» .

HERE IS YOUR SENTENCE WITH IT REMOYED: .

-

I STILL CANNOT ,PUNCTUATE PERFECTLY, BUT AT LEAST, I NO
W .0
LONGER PUT A COMMA WHERE IT SOUNDS CORRECT.

A

- .

DO YOU THINK NOW THAT IT'S NONESSENTIAL? *

-

*YES [N

8

* YOU ARE NISSING A CONMA BEFORE "HOWEVER™: .

~
A

ADD 'ONE==LIKE THIS3 ) ' ‘ 8

. . }
+ i
K P N -
i - ‘ t N . [

I STILL .CANNOT, HOWEVER, PUNCTUATE PERFECTLY, ﬁUT“AT:LEAST.;V

‘‘‘‘‘




4]

12

o

-

I NO LONGER PUT A COMMA WHERVER IT SOUNDS'CbRRECT.

!
»

YOU HAVE A COMMA AFTER "HOWEVER® WHICH IS CORRECT.,

ARE THERE ANY OTHER NQNE$$SENTIAL ELEMENTS ?

N

#NO

1

HERE 1S YOU FIRST MAIN CLAUSE:

P~ \ ‘
T STILL,CANNOT, HOWEVER) PUNCTUATE PERFECTLY

v 4

DOES IT MAVE AN INTRODUCTORY ELEMENT? *

]

*ND

n

LET*'S LOOK AT THE SECOND WAIN CLAUSE IN YOUR SENTENCE:
- ) I * : T

Ll
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AT LEAST I NO LONGER PUT A COMMA WHEREVER 1T SOUNDS

3

CORRECT.

IS THERE AN IN}RUQUCtuRv,egéneurt
*YES

IS IT NORE THAN ONE WORD LONG?
aYES

LET®S SEE WHAT IT ISP

3
N

WHAT IS THE FIRST NORD IN THE STRING?

*AT

WHAT IS THE LAST WORD IN THE STRING? .-

>
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/ SLEAST | . \
. THE<COMMA AFTER “LEAST® IS RIGHT.
L] .

HERE IS THE CORRECTED VERSION OF YOUR SENTENCE!

- 1//7

I~ STILL CANNOT, HONEVER, PUNCTUATE PERFECTLY) BUT AT

LEAST, I NO LONGER P®T IN 'A CONMA WHEREVER IT SOUNDS
CORRECT. : ' ~

—

COMPARE IT TO YOUR QRIGINALS

L Y
A ,
I STILL CANNOY HOWEVER, PUNCTUATE PERFECTLY, BUT AT LEAST,

I NO LONGER PUT IN A COMMA WHEREVER IT SOUNDS CORRECT.
THE HODEL’FOR NONESSENTIAL ELEMENTS~-~
— 172 - !
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SN R N
~=SAYS THERE MUST BE A PAIR®OF CONMAS ARGUND -
t , ] . h 4
. A NONESSENTIAL ELEMENT. . ﬁ
f = N . ‘ w ) {
e . YOU DID NOT IDENTIFY THE NONESSENTIAL ELEMENT Ar;sxnsr. .
. 3"
. YOU DID NOT HAVE A COMMA BEFORE “HOWEVER™ WHICH WAS
[ .
B NONESSENTIAL. .
|
) \ . ' L J
YRR R \ X
l. ) ,
| : ~ !
{ \‘ ! o
1 |
1l ‘~\\ ‘-,
: 4 ' ‘ - ) * !
; ENTER AMSENTENCE: © |
Ty * * . *
“ - { ' ) §
*THE ONE -THING I HAVE LEARNED, 1S THAT PROPER ENGLISH CAN
sf ] ! .
“i g - 1730- ’ '%
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a BE USEFUL, VERY USEFUL WHEN IT COMES TO INPRESSINGs PEQPLE B '
YOU MEET, - t L
ARE THERE ANY CODRDINATING CONJUNCTIONS IN YOU SENTENCER }-
P
. *NO .
. ‘ |
RIGHT» THERE AREN'T ANY. i
| | ~ |
* 1S THERE A NONESSENTIAL ELEMENT? 5
/ Yy \
/ ¥
*YES P
~ |
IS IT MORE THAN ONE WORD LONG? )
i
svEs .




A o

~ YOUR SENTENCE WITH THIS STRING REMOVED READS:H

LET®S SEE WHAT IT IS, (

1

WHAT IS THE FIRST WORD IN THE STRING?

®VERY

WHAT IS THE LAST WORD IN THE STRING?
*USEFUL , )

THERE ARE 2 OCCURRENCES OF “USEFUL"™. WHICH ONE DO YOU MBAN
(1l 25 3, ETC.)?

b4

{4 . . .

}
THE ONE THING I HAVE LEARNED, IS THAT PROPER ENGLISH CAN
BE USE;Blp ‘WHEN IT QﬁHES TO IMPRESSING, PEOPLE YOU MEET .

’ - 175 -
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00 YOU STILL THINK THAT ®*VERY USEFUL™
IS NONESSENTIAL?

*YES

S

THERE 1S A COMMA BEFORE PVERY USEFUL™. THAT'S RIGHT .

THERE IS NO COMMA AFTER nvsgv’ USEFUL®,  ADD ONE~-LIKE

7

THIS?

THE ONE THING I HAVE LEARNED, IS THAT PROPER ENGLISH TAN
BE USEFUL, VERY USEFUL, WHEN IT COMES TO . INPRESSING,
PEQPLE YOU MEET.

bOES IT HAVE}N INTRODUCTORY ELEMENT?
P '
r

*NO

YOU HAVE A COMMA AFTER WLEARNED®,  « .

- 176 -
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* DOES IT SEPARATE

THE SUBJECT FROM THE VERB?

- . . -

*YES

REMOVE IT~=LIKE THIS!

THE ONE THING I HAVE LEARNED IS THAT PROPER ENGLISH CAN BE

USéFULn VERY USEFUL, WHEN IT COMES T0O IMPRESSING, PEOPLE

YOU MEET.

YOU HAVE A COMMA AFTER “IMPRESSING™,

DOES IT SEPARATE

THE SUBJECT FROM THE VERB?'

-

i

@ | ' ~177;
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#NO

A MAIN CLAUsg FROM A FOLLONING DEPENDENT CLAUSE?
#NO

A VERB  AND ITS OBJECT?

#ND

TNO MAIN CLAUSES JOINED ONLY BY A COMMA?
*NO ' | —

TV ADJECTIVES THAT DESCRIBE A NOUN OR PRONOUN?

o
*NO
SHOW WHERE YOU WIGHT PAUSE WHEN SPEAKING?

1]

*YES

- 178 -
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REMOVE IT--LIKE THIS:

THE ONE THING I HAVE LEARNED IS THAT PROPER ENGLISH CAN BE
USEFULs VERY USEFUL, WHEN IT COMES TO INPRESSING PEOPLE
YOU MEET. |

HERE IS THE CORRECTED VERSION OF YOUR SENTENCE:!

-

THE ONE THING I HAVE LEARNED IS THAT PROPER ENGLISH CAN BE
USEFUL» VERY USEFUL, WHEN IT COMES TO INPRESSING PEOPLE
YOU MEET, .

COMPARE. IT TO YOUR ORIGINAL!
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- THE ONE " THING I MAVE LEARNED, IS THAT PROPER ENGLISH CAN

BE USEFUL, VERY USEFUL WHEN IT CONES TO IMPRESSING, PEOPLE
YOU NEET. ' |

THE NODEL FOR NONESSENTIAL ELEMENTS==
sNE;s

~=SAYS THERE MUST BE A PAIR OF COMMAS

AROUND A NONESSENTIAL ELEMENT.

. YOU VWERE NISSING A CDHH‘lARUUNO A NONESSENTIAL GROUP DF‘

WORDS.

v i
[ .
.
A .

REMEMBER, . = o

- 180"’
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AN ; ‘ \

K.

NEVER PUT IN A COMMA JUST BECAUSE

P

YOU MIGHT PAUSE WHEN SPEAKING THE SENTENCE..

. B
-

YOU PUT INCORRECT COMMAS IN THE FOLLOWING PLACES: .

THE COMMA AFTER “LEARNED"™

SEPARATED THE SURJECT FROM THE VERB.

/

e 3

THE COMMA AFTER "IMPRESSING®™

-

INDICATED A SPEAKING PAUSE INSTEAD OF A ye

.

[GRAHHATICAL SEPARATION BETWEEN LDGIC'QL ELEMENTS. .

A had
& .

S

&

b 2 v gy
B R T o L R T e T T S T A O P U S N S T,
3
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. Glven s system of thg\'ﬁklﬁa Aheié}lbeq’

what sort .af instructicn s ﬁd§slblei Recal)
‘ A . ,

" that COMCON produces aen Internal represenation of &

senfence that: shows the . presence, absence, and
confliguration of key\ functlo; words. - Recall too the
model program produces s matrix thet shows both COMCON's
l;ternal representitlon of the Inpit sentence and s

developing Inagérof the student who entered it. How rioh

~

x . . .
a “conversation® ., (to use a term explained below) can one

have between system and student? The ,snswer to that,

question, of cBur§é; will shabeqthn oversll design of the
cntlrlq set of programs and the use to which they wilt be

put. The purpose of this chapt?r is describe s set of
13 N -
programs which explolt the information asbout sentence and

studenty, and so break free of from traditional branching

~

CAL with Jts many ]I-ltntlons: .

' )
4 N
' h

The term 'conversatlon7 and Conversstion Theory
r~

{hereafter (CT) in genernf’ wilt be of Yblue here ’

not because what follows Is & ful'l-scale attempt to aepply

the theory but because the work of Gordon Pask lnd'Jhls

s L]

aséoclntes -provides a pouérful approqph to examining an

- 182 -
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.sducationsal process. For-Pask, lesrning Tesults from
structured conv‘rsatlons be;uoen two plrt;elp ts3 these
may be the tradiitonal teescher and the ' traditionsl
learner, _iuo d‘lenslons of‘the same ledPner (as when one

mconverses” with oneself)y q;{ snd obviously important

- M| &

for this work, between a lgarner and a-tenchlnn lppnroius
that has both s representation of the subject Atter -and g,

means of communicating with the student. The goal of a

-~

conversation is to reach sn ™understanding®™, and this can
enly be nchleved‘ by s demonstration of the student's
repertoire of procedures such that an pgxternal observer
could say they match the procedures of .the teachers be it

human or otherwise.

[+

A conversation, therefore, is a process.by which the
, e . A
procedyres of the participants asre extertorized. Only

when a concept ceases to be merely an interns! collection

ofr sayy neural elements and becomes conscliously reiated

t set of overt actions which csn be performed can we
F]

placef great vsiue on the learner®'s active and ongoing

e

. - 183 -

clial that the concept has been understood. Hence, CT
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| js only ag the l'earner mskes publlic, lf one uilty, what he

‘cnn' do that (it can , be tested. Th!s'testlno; in turn,

‘.‘ contributes "both to'the fenrner's conflidence ;nd to the

teaching process itself.

-
»

The role of the ’teacher {or tescher nnJ'subJect

matter -expert together) should exﬁﬁgg beyond the time he

participates In the conversation. Before Instfuction, he
s :
aq&i create an. "entaiiment structure™ or map of the

t

knawliedge he wishes  to tesch such thuf.lt Is coherent,

1

cpnslstent) and at teast partly cycllc.‘ This lasf is

,

important sinée an entéliment structyrfe must "embrace”
cyclicity: It ndst be posslble'to deflve most toplcs from

a8 number of startlﬁg points great enough to match the

varlety of the tearner®s entry level and conceptunl'

&
w, schemas. The entaiiment structure provides theoretical

statements of the subject and a set of analogles which
“tink ‘theory to examples drewn from the everyday world of
concrete experience. Arfalogles are central to CT since

v thé;: ptovide a means of going back and forth between the

highly abstract (for example, probiblllty theory) snd the

4
Y
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1. " . more concrete worid _Yexperlueqtul designs gnd fFequency'

counts). See Pask (1975), In ;bdltlon to the. entaliment

structure, the teacher unust have some means of recording

- and-controlling the sedLenee 3f learning and of seeing
, . & “
"that understandings have,. in fact, occurreds This roles .in’ i

some cases, csh be assumed by an apprppriatel’y programmed \

v

~
computer. Finaklys the teacher wmust provide the full
. YD
« range of requisite lesrning materiats (picture, tapes;

»

explanations) which the siudent Wwitl use, ﬁ%}

L

o " N . ¥

e

This in p&cen one is abje to begin Instruction which

1 »
.
Y

Itself must consist of @ “strict conversation®. The wmain

< LY | . .

features of o strict conversation (in effect, éhe grouﬁd

rules) are:?

et J— o

\ . . %
«1) the .participants converse onty In the ‘formalized e
. language L; . ' «
~ % '
- ‘ ’
2) the conversation Is Ulimited to-topics found In the
particular entaliment structure; ’ : '
. ) ) . ;
- 185 - Lt
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3) topics ™assimilated” by the. student are said to be
"ynderstood'; that 1Isy he tan explaln and der ive a topié

from nthérs ' in the\ domain. This 'sys&;ﬂ:tlc‘

Justlf[qptlon" which the student should”pe able to offer

is cruciatl in deferulnlpg whether understgddlng has' taken

L

i s ) ’ . w
places, "~ Neither an explanation nor o derivation need be

verbalt it &aﬁ be .« classifying or " "modei-bulliding

&

‘operation sand Is a satisfactory explanation Insofar as the

model can be executed In sn external facility to bring

-

sbout the formal relation underiyipg T® (th:’ﬁk, the

topic)s A nonverbal derivation Is a learninp strategy or

a "concrete(é:plctlon of one or more topic derivations©.
»

A key feature of instruction bqsed on CT Is thst some .

4
means exist for permitting the student to demonstrate the

‘procedﬁres that constitute his "understanding™ of any

topice Such understanding imo&hts to an agreement between
student and teaching progream about the categorization of
and the distinctions mede about the materials In a

traditiona) teacher~student settings, the logistics of this

are, naturally enobgho simpiet the teacher asks for a

- 186 -
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demonstration and the student provides It. (The ease with

‘ihldh‘it lsaacconpllshed does pot mean, of courses, that lg
lsxfnecessa;ll;‘ easy to evn!utte. the vall&lty: of the
deuohstrntlén.) The“exphlnﬁe is ‘done in natﬁrnt fangusge
Which has the obviows virtue of flexiibity It also the
potent jal deYTect-~of nn?igulty. However, 1ih [ ICAL
environment, \the use_of n-tural'l:noﬁaoe is of necessity
. very ;lnlted;* The CASTE sand INTUITION s ysteas developed
by Pask ;nd his assoclates “are weans by uhjcg "strict .
conver sations™ can be.clrr}ed&oyt; and durlng.the course
;f which, fhe’siupent can exhibit his "understandIngs®. A
later and more powerful apparatus, THUUQHTSTIhKER; enables
such strict conversations to be far more flexible far
more capable of accommodating the quite legitimate
differ ences among ways of lpproacﬁlno X. particul ar,

subject., In ail écses, however, it Is essentlial that the

instruction includes a means of the student *teaching

5

o Ay
- v — - - o -

® See D'Sheats (1979) “seif=Iimproving® qusdratlic tator ss

e d

one megns of dealing with the probliem,
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The .sunnry provided here Is but ‘a mere
outiines the considersble riohness and complexity "of CT
and Its attendant _concerns has eniend.ered s ‘sizabie

)

Jiterature, Bbt at the rlsk«&t vast nversllpldrlcatlom
’ . let ‘me extract the ssiient festures for my particular

_Interests. Knowl edges first of all, |s qbsernble only a§
a s/et of proc'edures l_np -th'e-repe‘rfol\re‘s of some couputh.ig . -
' mediumy human or machine, fhls' means that instruction’
. L . -mugt_ provide s'way for the stuaent‘ to dauon:trate wh;t is
inside hls heads This Is Intuitively true as uehll s
.e\l'lpl-rl‘cnlly s0s% . The lnpllc‘atlion‘ for CAL Is that it-1¢
lnsu‘ffl_t‘:lent for a student to choose smong 8 lﬂlnlted~ set
-, of alternatives instesd of the full rqﬁr;ge of possible.
‘ ‘l‘ntera'ctlons with the coup’uter'. Discriminating among A -
var fous possibiliities .ls but one .kind'of knowledge and It

' Is legitimately tested by.a multiple-choice exercise. But

o proof of other lesrning=-any sort of composings fqr-

in

“instance-—at the very lesst, requ)res something to come

directiy from the studeﬁt, for him to Initiate it. One

-«

- —— T S o - .

-

. ,
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uant; to allow ' the studlpt to choose hot from mereily a

[

prescribed set of alternatives but from smong his full

ngnoé of internal possibilities, Ag.ln.’lt\l; his varliety

‘in which one Is interested.. COMCON therefore makes it &

“fundamental principle of Its design that evalustion of the

/

-

@

student proceeds as much as possible from samples of the '

student!'s sentences, not from his rqunse to previocusly

difficulty in b

-stored onese. {j ] is» naturalty enoughs the central
uly
3

ng the systemy but unless the system

can categorize »knd rgspond to sentehcés of the studeﬁt's
)nveﬁtnon,~|t }annot“t;yggf If & toplc skill =--herg, the
qonposlng Léf co:rectly punctuated sentences lnStela of
distinguishing stternate forms of existing ones--has been
jearned. \ The failure to/ ;bsefve this Mistinction, it
seems to mes accounts for most of the shortcomings of the
Engtish grammar .CAL‘ programs I have dlscussed._ i The

workings of COMCON will be desprlbed in detall shorfly;for

nows 1 wish to sssert that having the student enter his:

oun _sentences |s roughiy equivelent to having him

‘naﬂlpulate a mode! of a.properly-punctuifed sentence. It

does qot meet PISK'§ criterion of demonstreting the

»
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derivation of t.Oplc; but ohe can srgee that a student
who writes many properly-punctusted 'sent_ences is »lq fact
in contro)l of allt topic€ In the domaln of punctuation

relevant to those sentences.*

@ . - .
Like CQs thgre;'ore».‘COHCON uish;s to gnve the student

exteriorize his nental'processés.- To ‘thst end, Its : >

centqa!‘str‘ateqy is to. ask a fumber of "what about"

questions when It detects certaln patterns in the sentence

Inputs A "what about" question asks the student to

c'onslder ., some feature” that he may have overlook.ed‘but

which the system flags s potentially lnpor‘tnnt. For

lnstance; in the course of the tonversation, the model

could shon"tp'a\t the student's sentence begins with a

subordinating conlJunctlions, but the student did not think

" % Note that It s Important to speak of several sentences
since a'slngle,one may be, corrlect by chance or it | east be
" simple enough  to present no problems. It s necessary,
then, to collect. data on several sentences to ensure an

adequate model of the learner.

1 >
’
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)

that thére was introductory élement.

3

COMCON would then

) 3
ask "what about X?* (the opening subordinating conlunction)

.and add
do have

'alerted

that sentences begining In this way generally

introductory elementse. The student Is therefore

to a possibile

error. In

this senses then,

COMCON 4&s 1 set of attention-directing procedures that.

cause .the student to conslider key festures in his

sentences

thit he

might have over looked, Note

that the

program cannot be more dogmatic than "what about” since it

the student. But the very nsk'lno of

, ‘|acks a semantic processor of its own and so depends’ on

"'uhlt

o

about?® an

obJect causes the student elther to consider or recor'\slder

thst obJject (the subordinating conjunction)

/
and” his

treatment .of it (if a comma is there or not)e This is, I

Fa

asserty a most powerful tutorial strategys which even a

human tutor

could

uses Further,

the produc

t of this

_asking "what ‘about”™ leads the student to respond to COMCON

which then

uses that

of the sentence and to be able to ask still more

information to modify its own model

focused

questions. Hence, the exchanges sharpen the student!s

sense of
sougthlno
-

*

his

h'e

owWn

might

work by drawing

hsve nissed

- 191 -
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banefltg COMCON by reducing Its wuncertaintly about the

semantic content .n& the structure of the sentence.'
COMCON: The Main facility *

fh'ls section describes some of the
features of . the facliity that takes both SENTCHECK ¥s
internal. representation: of the Input sentence and the
model of the student and produces a dialogue about that
sentence's comnss. COMCON receives it basic information

from SENTCHECK in the form of - list of words that are

_nssoclated with key features {coordinating and

.

subordinating conjunctlons, conjunctive adverbs, and so
on); It slso receives' Boolean values relating to the
::onfls‘wratlor;s 0f these features (whether commas are
present or absent before conjunctions, n;uther the first

word In the sentence is 8 vprepositiony etceterale: The

part of COMCON that converses with the student consists of

four APL workspacest TALKCCy .TALKNE, TALKINTRO, and

TALKEXTRA:, - The order th.f these programs are celled

derives from the aigorithm outlined In CHapter IIX. This

- 192 -
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¢ v/
»
) . order s Invarlant' because having the student coniidpr )
v’ s / k
_ uhatevor caordlnltlno conJunctlons are present |In hlt
sentenco sel'lcits llportcnt lnfornntlon about the structurt
of that sentence,t quure 6.2-glves an overview of TALKCC.
: (
) R !
‘% i . ]
’ e
4
‘ »
~ 7

. .
- o e o = v - —

* Bui note that this does not mean thst every TALK

workspacc ls callod in Its entiretye. The. nature of

[4
p:ttern-dlrected Inference systems, ss we hsve seen is
that ' they respond to dsta. This means:- thst whole

functlions never sppear unless the dats ugrrnnts it,

- 193 -
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INITIALIZE2.]

- STA.T . 2.2 1 Ask 2.3
WORKSPACE . | ANY COORDIN-
; VARIABLES | create MopeL [ BTG - o
NCTIONS
UPDATE 2.5 7
MODEL TO SHOW |¢ YES MK
STUDENT RIGHT STUORT R
T o YES
UPDATE 2.7 |, CHECK 2.6
- |MODEL T0 SHOW / STUDENT RIGHT
STUDENT WRONG / .
2.9 lueoate 2.8 Ko
- MODEL TO SHOW
REMEDIATE STUDENT WRONG
’ YES
» ' —
) \ . 2.1 UPDATE 2.10
STOP A REMEDIATE MODEL TO SHOW
| STUDENT RIGHT-
2.13 UPDATE 2.13 [ask — 27271
MODEL TO SHOW 1D OF CC
REMEDIATE STUDENT WRONG CORRECT?
\ 4
, UPDATE 2.15
! MODEL TO SHOW
W.. ol STUDENT RIGHT-
I
o) éontinueﬂ .
/ Next Page/ FIGURE 6.2: CONTROL function
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sk 216
CC JOINS THO |
| MAIN| CLAUSES?

i

wrenaiin

YES

-
ASK 2.18
CC JOINS TWO

EQUAL WORDS? * [~

ASK-  2.20
CC JOINS TWO

EQUAL GROUPS?

ASK 2.22
CC JOINS LAST
ITEM IN ssnn:s}
OF WORDS?

ASK 2,24
ITEM IN SERIES

—

CC JOINS LAST p—

v

pIspLAY 2-26

{eaL 2.7

MC2

CALL ~  2.19
EQW

CALL - 2.21

)

EGs

TAC 2.3
SERW

CALL . 2.25
SERG

NO OTHER CHOIC
REMEDIATE

<oy

- FIGURE '6.2B (c\bntinued)‘,
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The flrit question he® is) asked is whether his

[y

sentence contains any coordinatling conJuncflons. If it

" doesy but the student responds with "No™, TALKCC tells him

that there |is at lesast one snd asks him to identify it

(§trlctly’speakln§p this is not & “"what~about™ question,

but It does serve the same purpose of directing sttention

to some pertinent feature,) Should he get it wrongs he s
told whats in facts {t Is. Thé exchange shows sn external

observer (actu:lly; the modei-buliding part of thi/syste-l

'nhether the student can recognize a8 coordinating

coniunctlon when he uses oney snd theunodel Is immediately
updsted to reflect thl;. At the end of the-entire

exchange, the system wil) have collected information about

" the student's knowledge of s varlety of such features and

can then beglin appropriate remedistion.

»
L}

‘Once a coordinating conjunction has been . identifieX,
the system bepins to tske s closer look at the way it is

punctust ed. Because this requires some semantic

[

knowledge, there s a list of enq;lrles: Does \fhe
coordinating conjunction Join two coordinate things (1lke

cunning..and__Jjumelng or thg.tu.l.-u&nn,;_nn-lnn_kha-annnt

Y

o ( - 196 ~.
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L

:sdhlitld-lnnx)?‘ Does the coordinating conJjunction Join
main clauseg? Does it Joln“th& la;t élelent-of 2 s;rles?
(Agains strictly speaking, these are -ﬁot *what-about"”
questions but tﬁey have tﬁe same effect.) COMCON tq(ﬁ
questions the student tg deteruine\\ghe tength of these
Shlts.* Once It has this informations there is |little

problem for it to compare the sentence against the lodci

of the properly-punctuasted one. Should the student have
7/ - i A

/
the coordinating conJuhckﬂqﬁ Joining two wmain clauses

without a comma in front of ity for instance, he is wrong
and Is told so. If the punctuation is correct, he |s told

that. The process continues untii all the coordinating

“conjunctlons in the sentence have been dealt with.

- s anan el an we o g e

¥ Being sble to recognize the boundaries of a unit Is

rather tike a chunking operation. COMCON  Includes a
number of heurfstics to help the student identify the
various units. For example, ltoceting a dependent <clause
requires first locating a subordinating conJﬁpctlon.

R

There are several other similar heuristicse

/ v
. ~ ‘ - 197 - s
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At this p;lnt, one may quite legitimately ask what If
the student either doe; not know what COMCON i;ans {and -
csnnot ans;ef at all) or Incorrectiy thinks he knows (and
olves a wrong answer). A HELP fecility is avaitable and
can be accessed by the student at any time. So ;f he were
: s

to encouriter the term "maln clause™ and not know what thst

meant, hé Eould{gft help and then be returned }o the rlght'

"place in the COMCON program. There Is, however, no siaple

Fad 4
answer to the problem of the student giving the system a

Wrong answer, but the thesis wili try to address it bejow.

. S

Before Jeaving TALKCC» COMCON makes a nCnber of

changes to Its model. It notes which coordfhating
conjunctions the studenf has carrectly Identlrledfftnd‘
which :hnve been correctly punctuated eltﬁeroﬁefore or
after COMCON has directed his .attention to them. It also
presents the student ‘ulth‘ a8 corrected version of his
sentence should thst be required. (Typically, COMCON says
"You ate missing a comma before X. Add one |ike thl;"n
and then prints oug the sentence ;Tth the new comms In
place.) It also notes the presence of certain structural

¢
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mwv-rw«. -




P 2

LR

A Y

units which SENTCHECK could  not wuncover. }or instance

SENTCHECK ¢could see a coordlnltlnd/ con]unctlon easily

enoughs, but not whether' it Joined two nlln-,clgys;so This
! a
information Is needed by TALKINTRO, as I will show shortly. -

.
—

‘Having completed TALKCC», COMCON calls TALKNE uhfch
checks the punctustlion of nonessential units (NE's)., Filgure
6e3 Is a flow diagram of TALKNE. lHere mué% depends on the
student's ability to recoonlize elements Wof lt%f th{? one
word which may be nonessential. TALKNE, like the other
programsy shares the information generated Sy SENTCAECK and

so0 looks first at the list of conjunctive adverbs which, If

. . " .
not at the start of a main clause, often must be considered

nonessential. Simitarlys there Ils a 1ist of stock
pn'r'er;’thetlcal e‘xpr‘_,esslons {such as it seems tn‘ @es» lodeed,
and so forth) for °which SENTCHECK has searched. If the
student says that his sentence contains no nonessential
unitsy, COMCON checks to see |If one of‘the conjunctive
adverbs or stock ex;:efslons has been located, "uh:t;about“
If none has; COMCON moves on. But |f one does exist, COMCON

asks 8 "what—about™ ’

- 199 -,
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. —31

- pariaunze T 3K 3.2
START | MORKSPACE > NONESSENTIAL
- VARIABLES
- ‘ ELEMENT?
i ' g
CHECK = 3.5
FOR A
CONJUNCTIVE ‘
ADVERB
A 4
ASK 3.3
. A | 1S IT MORE
7| THAN A SINGLE
WORD? _ ‘
3.4
CALL )
NEGRP
ok 3.7
WHAT ABOUT * | NO
<
a0 Econs Y
CALL 3.6 ,
. N i .._-—.‘
) NEONEWORD )
1.
v YES
ASK
ISCA |
NONESSENTIAL?
NO
lear 3.9 k
9| OTHERNE TO | {——u—
SEE OTHER NE?
y ] “
YES

FIGURE 6.3: CONTROL Function
for TALKNE Workspace
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question and follows this Sy removing from the sentence
the word or words in question. It then"suys "Here Is your
sentence with "X™ removed, Do lyou now think It's
> . nonessenflnl?" The test, of cgursea is whether or not the

del etion of X destroys the mearing of the sentence (making

X essential). But only the student can make that test;

\/1 i

. COMCON has no way of determlnlno/lf the context of the

‘ /
ggntence makes the element npﬂessentlnl.# Againy one deasls
* - Consider the word "however” |In the following two
sentences:
However much you try, you will not succeed,
Even if yoa try» however, you will not succeed.
In the first cases "houever; is adverbiasl snd quite
essential; in the second, it Is a fogical transition from
the introductory dependent clause to the mailn one. And
even the longer stock phrases can be trickys as in this

X palr of examplest

- 201 -
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\
with the uncertainty of how right or wrong the student is.

" But the siternative |Is . to oprogranm fop every possible

‘ !
contingency of the English languaget \thls is neither

Y

practicaly of course, nor possible. !

-

Should the student say there Is a nonessential

element (NE)» COMCON performs much the same procedure as

4

before when It loceted a possible NE element. That is, It
- removes the string in question from the sentence and ssks
\the student If he still belleves it is nonessential, It

Ahe student chenges his mind, the same procedure is

r?pelted with other possible NE elementss whether they
originate with the student or COMCON. If, however, the

student maintains that the word, Im  auestion s
\ !

N
----- §----- '

I saids by the ways dinner’s at eight,
!

)
v

\ -
By the &ay I sald dinner?'s st elght, you could tel! I was

\ | | /-‘\\
\ - 202 -
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ﬁonessentlal; COMCON checks to make sure It lf‘preceded'~nnd
followed by commas. As before with TALKCC,.COMCON reports
errors or supplies confirmation to the student, sﬁous ﬁlu 2
corrected version of the sentences, and ugd;tes ;ts model .
COMCON next calls TALKINTRO and checks what word begins
the main clause (of clauses .If TALKCC determined there was
more than one). Figure 6.4 gives an overview of TALKINTRD.

It looks specifically to see If the first word in the string

belongs to one %f four cleassest prepositions subordlnntiqg«

conJuni:tlons, conjunctive adverbs& or stock phrases. {The

current version does not yet have a dictionary of stock
phrases, but one eventually will be written.) The presence
of any ;ne of these indicates that there is the very strong
likelihood of an introductory element. In the case of a

subordinating conjunction or vpreposition, it Is s virtuasl

"certainty, the only exceptions being when sn entire

dependent clause or prepositions! phrase Itseif constitutes

the subJect of a

- 203 -




\ DISPLAY 4.1 [P 42
START : MAIN CLAUSE [ IS THERE AN
-~ . -
- »
NO
. \\\\>\T?
: UPDATE 4.3
) MODEL:
v »

' CALL - 4.6 L |

‘| cHecKINTRO l
: CHECK 7
FIRST WORD IN

CLAUSE

Y
CHECK 4.7 ‘o CALL 4.5

ANOTHER MAIN
ANOTHER INTROYES
YES
NO

FIGURE 6.4 CONTROL Function for

TALKINTRg Workspace
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ciause.* A subordinate conjJunction In the first position,
of course) signsils s clause that can't stand by itseif and
so must precede the the sentence's sublject which csn occur
only in a maln clause. ) Similariiy, the noun in a
prepositional phrase 'Is by definition the obJect &r the
prepositions and naturally, a word in the objective case
"cannot be the subject of anything. Conjunctive adverbs
and stock phrases csn bey s . - shown above,
nonessentials shifting them to the start of a clause
changes Anly thelr structural function from NE "to
introductorys but does not solve the semantic problem.
(Consider shifting “however™ to the first pogition in "]
thinks however, you must do bettor”h;

As with the other "TALK" ndrkspnces; T‘LKINTRO asks
the student |If he sees an introductory element and ihen
checks that snswer against the words It has teken from the

sentence file. If one of those words does indeed appear

A}

* As in» "By the time I get to Phoenix! li/fhe first llne

of a populer song."

™ .
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and the student hasn't ldentifled it, COMCON asks &8 "what
[}

about™ question. This 1Is followed by taking the word and

shifting 6} to the end of the msin clause. A true

"Introductory efement wlill stl!il make sense because the

sentence has been rvestored to the ' normal English
"Subject-Predicate® word order.** If the stgdent maintains
that the;e is no introductory element, COMCON accepts
thiss Once more, we cannot program for every context,

Ifs however» the "what-about™ question results in the

~

- e S - - - 4

*% Compare shifting this palr of potential introductory

efements: ) )

By the way he talked, you would think he was angry.

"#®he talked, you would think he was angry by the uuyﬂi

If you try, you will succeed.
You will succeed if you try.
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student asserting that there was an iIntroductory element,
COMCON mekes correctionss shows the revised version, and
updates its modele The same kind of test Is done wuith

potential introductory elements the student identifles,

with the appropriate comments, corrections,. And'updates}

.

)

The last progrem COMCON calls Is TALKEXTRA, Flgures
6.5 and 6.6 glge overviews of (t and Its maln functions

ASKEXTRACOMS.
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CHECK 5.1
EXTRANEOUS
COMMA?

CALL 5.2
ASKEXTRACOMS

v

REMOVE 5.3
CURRENT WORD
FROM LIST

;- /.

FIGURE 6.5: CONTROL' Function '//
for TALKEXTRA Workspace
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3 ASK  5.2.1
- AFTER "WORD" ~
SEPARATE, . .|
‘ﬁﬁlﬂsa AN3'2'2 YES | UPDATE 36%&3‘ '
U _
TRAILING DEP- TO SHOW | »
ENDENT ONE? STUDENT WRONG :
11 & ;
R
TWO MAIN 5.2.4 "y 5.2.5 :
TO SHOW -
— 577 .
SUBJECT AND - UPDATE MODEL . )
VERB? TO SHOW ¥
STUDENT WRONG <
v U 2
WORDS  5.2.8} 5.2.9
UPDATE
JfTOSHOW A | MODEL TO SHOW }—— o
SPEAKING PAUSE STUDENT WRONG
v |
5.2.10 YES - 5.2.11 5.2.15
VERB AND - UPDATE MODEL REMEDIATE
.OBJECT? 10 SHOW ° — AND DISPLAY
0 STUDENT WRONG RIGHT FORM
k) I i R
- 5.2.12]. 5.2.13 F 5.2.14
ADJECTIVES -IN UPDATE MODEL ‘5¢¢’ CONFIRM
A LIST TO SHOW - 1 RIGHT ANSWER
STUDENT RIGHT | FOR STUDENT

or
n , o
FIGURE 6.6: Flow Pattern for
SKEXTRACOMS Function,
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To, this points COMCON's Instroction has concentrated

on missing commas; [t now turns to the no less arlevous

.
[

proble; of extraneous ones. Probably few things are more’

distracting (spelling wistakes ~aside) then .commas
1iberstly sprinkled on :he page, ‘forcing the reader to
backtrack ‘or guess which unit is whighs Throughout the
whole session, CONCON hes maintsined records sbout which
commas in the oflnlnnt sénten}e were’ requlreq by

coordinating conjunctions, nonessentisl elements, and

introductory elenentg; As each was accounted for, it was

* removed fros the potentisl list.that TALKEXTRA'reads from

the sentence fite, TALKEXTRA aski ®"what-about™ questions,

therefore, for each comme not previously explsined. . Does
%

It separate subJect from verb? Verb from obJject? Main

clause from following dependent clause? Two maln' clauses?

Adjeétive from noun? Signal a speaking pause? With the

exception of the §ep|ratlon of,adJectlvé from nouns none

of these logically permits &« commas. In some casesy such

oo 4
as when COMCON notes a comms between s msin clisuse snd s

Aependent one, the “what-sbout™ question becomes more

pointed since there could either be an error {the wususl

<

cese) .or a previously unacknowledged nonessential ekement

t ' \
N 14
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at the end of the sentence.®* The Ilssue is sgain s semantic

‘one that must be solved by the student. As each comma is

sccounted for, once more - OMCON makes cannonts,

correctlons, and updates its model.

Finally, having completed slil fhe snalysis and
"whast-about™ questions, COMCON presadts the student ulth'
two versions of the sentence, the originsl and the latest

cbrrpcted oné. The étudent can compare the " differences

“* Consider this palir?

1

You wiil) pass f you try.

You will pass» If you try.

The first sﬁous the nor!al retationship between a wmain.

clsuse and s following dependent onej In the second

sentence, however, "if you try" really Is s parenthetical
' h i’ »

expression, asn aferthought, that can be separated by &

comma,

<t gl setroB AN - S R an AR S S Y s s J O T
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between them and COMCON offers a brief review and

appropriaste comments about the errors that were made. The

student then <chooses one of four paths: 1) enter another

senténce and have the process repest snew; 2) use the HELP

-packaoe; 3) use g set of introductory lessons} 4) exit.

In the last case; of course; nothing is to be done gxcept

file away results for snother sessione. fhc HELP facitty
)

‘afd the iIntroductory lessons will be described below.

Here, consider the events that follow {If the student

opts for snother round.

Before gliving him a chance to enter his new sentence,

.

COMCON checks Its wodel for errors over. two dlnenslpnsl
the 1 ast sentence ente}ed and the néZle set  of sentences
entered at all previous sessions, Depending on th; kind
and frequency of errors It has locateds It provides
remediation. If the student has erred only on his last

try, remediation can be as brief as a simple reminder to

watch out for some previous pitfaell. If, however, the

‘error |s more frequent, COMCON may suggest the student use

the HELP packsges (And to what extent. Different levels

- 212 -

*

r



P——— .

of HELP are aveilable for every toplce) If the problem l;
severe, futur; versions. of COMCON will not merely squest
but Indeed will route the student to HELP before allowing
him to continue. And In cases where there ggly are
problemss it will suggest or route the student to the
introductory Iessqns. ; separate set of records must be

made of the advice given and tesken.

in summary thenp COMCON takes the information

collected by SENTCHECK and adds tfie information It has
\

gathered in Its éxchlnges with the student. The typical

Jorm of these exchanges js s "what-sbout"” question which

directs the student's attention to features he might have
missed or misjudged, AS nlsf;kes are found 1In the
original, COMCON generates new versions of the sentence,

And at the end of the process, COMCON gives a review

. consisting of original and new versions accompanied by the

approprliate remedial comments, What I uoqld llke to
anphlﬁlzep houever; Is that the entire process has
centerea around what the student has entered in the first
place. The TALK functions respond to the |learner's

sentence and his Iidess about it. And this is the basic

- 213 -
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deslign feature since the goal
understanding of colposltlpn‘

recognition.

Is' to teach and test

'

skiflss 3 not error
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o The HELP Facllity

»

1

In the last sectlon, I touched briefiy on the problem
of : student uhﬁ latks the basic knowledge required to
res;ond to one of COMCON's questions. That Is, If COMCON
must know If a part of the input sentence is 8 main cl;use
or a phrase; then the student must know that terminolgy if
the entire process is to go férwnrd. This problem |ikely

can never be fully surmounteds but Iits damaging effects

‘can be limited Iin a number of ways., The flirst is by the

numerous hgurlstlcs butit Into COMCON that look, for key
features of English, If the student thinkss for Instance,
that his sentence does not begin with an introductory
element (perheps because he s not sure what one looks
{lke), but if COMCON finds a preposition or .
subordinating conljunction, then COMCON can alert hln.‘ I
have outl}ﬁed 8 number of such heuristics lé‘ previous
sections. But once agalns, one faces the problems of
natural language processing and the impossibility of

deo!}ng with sufficent context to snalyze any and ail

- 215 -
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sentences a student might enter.®* A key design decision
has been to use the student as & semantic processor on the
nssunptloﬁ thet, properly prepsred and supported, he Enn
provide semantic information to COMCON which ln’turﬁ can
supply him with Information about punctuation, ‘The HELP
facility 1|Is one of the means ‘COMCON has to "properly

prepare and support®™,

HELP is & series -of asbout twenty self-contained
:-;;;-;;‘;Tsmlss the Issue in a footnote, I recognize that
a sentence fragment (such as Eating frult) would quite
defeat COMCON in its present version. If a student
insisted that a fragment was indeed & gremmatically
comptete and weaningful sentences there would be very
littie COMCON could dos It might say that normally such
strings asre not acceptable and that the "fragment"™
probably needs' to be attached to another strln;. But 1t

could not iInsiste Indeedy the current version remalns

sitent In such a situstion.

{
|
|
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nodules ‘that deal with COMCON*s key conceptse.

Floure 6.7 shous & typical flow pattern for a HELP’ madu le
and Flgure 6.8 shows the flow pattern for atl of HELP's
torlcs:
_-///,/ .
“4/’/ .
. y
. ~ !
|
' g

/ o - 217 - -
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o Csmar ),. S g ST

RECORD S - o S f
“POINT OF . | o
ORIGIN :

, . LI .

PRESENT - . _— :
MENU ] , o \

a

’ 1

. L . -
N . . v . B )!
. . o W
\ -

1
’ . . }

LOAD AND RUN S o B
CHOSEN , .
TOPIC ~

[\
: -
’ ’
. ‘ 0
.
|

' . o
ASK : E

MORE HELP ON -

ANOTHER
TOPIC?

" RETURN .
STUDENT TO ~
POINT OF |
ORIGIN - |

-

FIGURE 6.7: Flow Pattern
for HELP Workspace
- 218 - :

. ) R : ‘ i
‘ ! > v - ’
4 .
. e
. . . . . )
' . - . . . -
» . . . ,
< . . . . . . ' ' ’
T~ < N . ! r .o

: « - 0 ‘
: X, M - . P * Vet e A Ao et 5 e e g e | . L R P

* f g . . s

. e o, ‘N o . . - . . .




V-

- START
ASK 7.1 ~
T
INFO OR ’
PRACTICE? -
L}
BRIEF 1.2 ASK 7.3

- 7.4
| - ' YES 1 PpRoVIDE °

: , EXAMPLES |
' . . NO , |

, N Y
T
. . . | ASK . 7.5
| MORE INFO?

NO

ASK 7.7 ‘ 7.6
MORE INFO? PROVIDE
NONEXAMPLES

' YES

L 7.8 T 7.9 :
TEACHBACK , |. BRIEF |
" MoDE ™ review

FIGURE 6.8: Flow Pattern for Each
Topic in HELP
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HELP can b‘e accessed ‘by the student whenever COMCON sol-
icits Input from him.* HELP begins by presenting a menu
of' toplc-s and then 1ioading the chosen modul e, Each
module has the following c'onpononts:
1) A brief (no more than s sentence or two) description or

explanation of the topics

2) An amplification of 1} with a set of examples and

ylnllooles wherever possibles
3) A set of counter-examples; ‘ R

&) A practice sesslon (which I discuss In more detalt

below) 3

*

»

‘%  Esch portion of the entire system is olven @ unique

focation code which Is written Into a flle whenever HELP

<)

Is sccessed. After the student has finished, the system

reads that flie and automstically returns him to his- point

!

of orlgin. | o

. ’ ‘ [ A - 219 -‘
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5) and finally, a brief {(about four or so lines) review,
\ 0

»

The student always has the option of exlting as soon as he
has recelved what he thinks is sufficient informetion, He
stso can go directly to a HELP practice séction and repeat
this as many times as he wents tp. Again, as in the work
of Pasky o key assumption is thest the &tydent must

demonstrate his wunderstanding in a "teachback™ session.

The sentence the student enters 1In response to the'

. #
practice sesslon's request is a concrete demonstration of
the degree of his understanding and his ability to

manipulate the model of the properiy=-punctuated sentence.,

»
-

o

The request for a sentence in HELP generally Includes
certaln specifiostions sbout that sentence. For Instance,
to simplify the matter, HEL# fimits Input sentences to
simple ones (In the strict grammatical sense), and so
Insists that there be no subordinating conjunctions that
would indicate the presence of a dependent clause. One
does facé the problem that even in the HELP package a

student witl need helps The faciltity is not, however,

- 220 -

i
]




I

recursive in its present version. For better or for
worsey, one must avoid an Infinite regress of calls for

help, about HELP. DOne could always, of course, tell the

student to seek his teacherts helips but this would change

the self-contained -nature of optimal CAL.

)

Artér‘“the practice and review sessions, HELP asks if

the student wishes to get help on another topice It is

perfectiy tegitimatey In fact, for the student to spend

most of his time in HELP if hg wishes since, - taken
together, these modules constitute a falrly conplétb
traltﬁent of the comma, Indeed, HELP has been desligned as
a lesrner-controlled alterpative to .the traditional CAL
Ie;soﬁs also avallable on the system, T The a;vantaae' to
this Is that the student can have It two wayst he can opt
'ror HELP‘s modules=~exploring, exitings ’returnlnq st
will~=~or someone eise (human or machine) can scleqt s path
through theme If an instructor were to choose syst;n
control, there would naturally have to be some rationale

t

for the particular routes chosen for each iIndividusl

[
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‘suggest}d path for students who want one but this

¢

o

student. Learning style Is a possible candldate,

The -

present version of MHELP does . not have such s facility

4

since It lacks u;y of gathering ‘Information sbout the

student

®

before he begins. It .does .have,” however, s

- °

s not
enforcede . ",

<

N
n st

Flgure 639 Is o tist of HELP modules availabies
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SHELP®™ is available for the following toplcs?
. ‘1. CODRDINATING CONJUNCTION(CC) 2. SUBORDINATING
. CONJUNCTIONS
3, ‘CLAUSES . 44 MAIN CLAUSES
5.~ DEPENDENT CLAUSES 6. INTRODUCTORY
ELEMENTS oo
- 7. NONESSENTIAL ELEMENTS 8. SERIES OF ITENS
9. SUBJECT OF A SENTENCE * 10, PREDICATE OF A
A | n g SENTENCE
11. NOUNS ‘ 12, VERBS
¢ 13.°MCL, CC HC2 (COMMAS 14 X CC X (JOINING TWO
IN CLAUSES) g EQUAL THINGS)
15. I, NC (COMMA AFTER AN 16. XY, CC Z (JOINING
INTRODUCTORY ELEMENT) ITEMS IN A SERIES)
. S FIGURE 6,91 "HELP™ WODULES AVAILABLE
I ¢ ’
—_ \
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It is not nﬁ entailment scheme In the rigourous use of the
term. One cans I think, legitimately say that the topics

sre Interrelfated, but whether this leuns'derlvatLgns afe

.

. § : y
vossibie is uncertsine. In essence, lesrner control

Is buitt into HELP s0 thsat the student can select

. * . .
the portions of lt,that he thinks (or has been toldy, In

sose Instances) he needs, But he ’cannnt at present

-

sbsolutely derive one toplic from any other.

Like COMCONs» HELP®s practice sessions try to analyze

input " rather than glve ceanped sentences.* Each practice

)

:--;;--;:;;, in the present version, there n;e about three
or four modules that do use c;nned -sentences., They doy
however, randomize these canned sentences (each II;t
typically has about ten or fifteen jtems) to reduce the
chances of the ‘saue examples being repeasted. Later
ver;lons of HELP will try to“correct thl§ problem which Is

Y

caused because certain concepts——main clauses, for

instance~--cannot . be fully anslysed wlithout more

sophisticeted semsntic processing. .

o
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session begins with a requost_fo} s sentence (subject to

“
? certaln timlitations) and once HELP has satisfied Itself

thst the sentence Is one, It begins Its analylis. So» i

for example, should the module on introductory elements: be

s

‘coiled, the anslysis includes sesrching for prepositions,
subordinatlng conjgnctlons; and commas, It then
intitiates a dialogue about whether or not the sentence
has an Introductory‘ efement andy, if so» whether it Is ',
cor(qctly punctuated, In‘ ;he module deating with the
subJject éf an  input sentence, HEL& asks the-student for
" his notion of what the sublect I'sy and then does a set of 1
analyses Including seeing If the word is part of s . !
prepositional phrase (which means {t cannot be the 1
' subject) or Is preceded by a determiner (which would mske
It s noun- and a good candldate)., At that point, HELP
. ‘suggests a number of tests to the student to see ‘f the
word could be the subjedt., One must recognize, however,
that" the finasl Judgement Is left to the student; there is
no way far HELP, other tﬁan meking a set of suooestlﬁns
about tests, lIndependently to determine whether the

student Is right or wrong. The student==whatever his

- 225_-

A,

f ) ' .
{ .
é ,

Eoe < . [Py e RS PR IR TP D L0 &y N T

R e




it

iy

» .
PRENIG ST, S AN

LR B AP B Ay, B . i faa

deficlencies==is a far better semantic processor than

HELP; so the system depends on him.

This last issue ralses the larger one to which I have
already alluded: what ate the d;ﬁq;rs inherent In having
the student provide semantic information to the system?
As was salidy, the HELP package itself trYus to ‘[nluize
the dange;s by providing Information and practice, In
cddltloq: one can pretest students to see If they have the
necessary entry level ta‘use tﬁ; systemy and If not, then
provide it either in the classroom or by another set of
programs. These two strltanleé ar e, ln‘fact; part of the

overaltl Iimplementation scheme.* There are about tweive

hours of the traditional CAL lessons on English grammar

available (Kellery, 1979). However, as we have seen, the

- -~

* 0One wmight akso have students work In pglrs. Although

this could reduce the amount of wrong Information being

reporfed backy |t weskens the enbhnsls on the Iindividuatl
learner. And two poor students may only relnforc[’ egch

other's errors.
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present set of programs grew out of dissstisfaction with
these lessons ,bec|u£e they failed to produce =a
transference of skills. The original (essons, hou;ver,
did work well  within ¢thelr timitations and can be an
introduction to terminolgy slong with HELPe These lessons
ceny In cases where students have persistent difficulty,
be used to ensure at l@agf some famillartty with the
materlal,- But thelr basic weakness, usinﬁ canned
sentences, makes their lppilCltion* suitable only as @

preliminary to fqrther work with whole sentences and

paragraphs,

Thusy the system addresses the issue of students with
weask entry skills by offering pre-instruction. And ¢nce
on the systemy, students cen access HELP at iy time.

Furthers brief monitofing? by human teschers can further

reduce problems of misinformation between the student- and

COMCON, But the harsh fact remains that wh#tever
precautions are taken, whatever heuristics added to HELP
and COMCON to check against student error;(ulsinforlltlon

Is.bound to exist. What sre Its consequences?
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In & carefully designed system (I am fully aware of

_the iInexactitude of thst phrase), wmisinformation will

always arise in some typical cases. There will be some
tests for sentence features bound to fail or spplied
incorrectly, but If the majority do hold, then the system
will properly anslyze the majority of Input sentences.,
Pretiminary use with students (in very limited and so
statistically meaningless numbers) has suggested that
this is so. Whether there are remaining problems
sufficient to defeat the system is an empirical issue; for
ressons gliven In the section on Implementation,
a full-scnl? study Is ‘not possible at this time. But
there are indicators that using the student as a semantic
processor do;s not ental! grest risks. Let me show why.l
Wwhen HELP asks for |Information, it also asks the
student to perforn a test at the same time.
A typlcel one requires, for instancey, the placement of a
determiner in front of s word to see {If it is a no;n.
Suppose the word In question were “"Running™ as in "Runnlng‘

quicklys I caught up to Tom.” One would have to wonder .
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sbout e great des| more than punctuation problems for e
student who would think *"The running quickly" Was an
acceptable English utterance, By the same token, putting
“The™ In front of "running™ In "Running is healthy™ ylelds
an  awkward but recognizable English expression that few
people would miss. A similar test on verbs asks the
student |If he could teke a word and place |t ins say, the
past tense. Fe; personss indeeds would think ™Runninged™
possible; thelr skilis would be obviously so deficient
: , 1

that they would be unlikely members of a coliege—|evel (or

even high school) English courses remedial or not.

. So the risk the system must take seems to me not very
great. Horeo¢er5)wlth the student®s Information, what
COMCON or HELP can do is greatly expanded. ~ A "Don't Know™
from the student uou]d not make the system any worse off
than before it asked the que&tzon. A wrong answer would
make a differences, but as I hope I've shown, the risk of a

wrong answer is calculated and, I think, acceptabie.
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IMPLEMENTATICON

"There are t;:es. alasy when one is all drasseh‘up
with nowhere to go. Such Is the cases for the time being
anyways with COMCON, SENTCHECK, and HELPe They are all
expensive programs to run since they rﬁ}y on A;Ina scans
on each Input sentence. Horeover’,thken together they
occupy seven APL workspaces (at about 70K bytes each) as
well as requiring use of the APLSV file system. Since APL
is an interpretive language, the combined program uses
close to a half to three-quarters of a second of CPU time
for each round of instructlion. Given the ©bitling policy
at the present installation (the Ministry of Education of
the Province of Quebec)y, this means that 1t . costs more
than a dollar each time a student enters his sentence and
recelves instruction. Slnce,thls process csn take up to
five minutes (depending on how much of the HELP facility
Is us;d),. there might be about ten or so sentences
involved per hour. Given the realities of fundlza in the

’

Province of Quebec, “these costs are prohibitives
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especially when they are multiplied by twenty (the number
of students in i typlical remedial cleass at Vanler College)
and wultiplied agsin by five or six (the nusber of

remedial classes offered each semester),

}‘;reover. the time-sharing environment, at |easst the
present one, Is not a good one for teaching. UDelays of up
to ten or twenty seconds are conn&n with one or two minute
delays not unknoun. Add tao this mucg transmission of
noise during peak hours because of the sheer 1volune of
users, sy;ten crashes and assorted nnlfunﬁglons; thé
probiems of showing nalve users how to live with a l;rgep
powerfuls, and not particularly friendly computer system,
snd one has a educationat horror show. But th?;e are
famitiar problems, I suspect, to lnyone'ulth glme;shlrlna
experience excépt for those on the few systems» perhaps,
dedicated to CAL.
The obvious solution 1Iss naturally, o st\nd-al;;e
computer. It will bes however» s couple of years yet

until) & computer powerful snd affordable enough to handle

this program |s avsifable. It Is surely comings} whether
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the  funds to support the Implementation and " further
x

tkse-rch also witl be ’forthcoming s another question.

lslven the cost of rbnnlno the program as part of a regular

‘lnstructlon) there Is no possibitity of this iIn the next

yeare Even testing with lq?lvldual students will be

V3 A e

e

@urta{ied until such time as a device is developed--and
sold at a ressonable

enterprise affordable.

g

price--to make the whole
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CHAPTER VII
DISCUSSION ANDO CONCLUSIONS

v

The major intention of  this thesls has been to
demonstrate the feasibility of an intelligent CAL program
in the teaching of writing ;kllls. To that ends
programs COMCON, has been produced which can take as lnp;t
any sentence the sfudent wr ites, form ° an internal
representntlon‘.of its and enter into a conversation about
thg correctness of the «commas {in that sentence. This

gives COMCON a considersble advantage over rrine-based CAL

Iin that rather than being the generstor of variety (in the

form of canned sentences and canned snswersl)s It can
respond to the truly lmp&rtlnt variety, the student'i.
Froi-{he pers;ectlve of cybernetic theorys this capabiility

Is essential If one hopes to "regulate®™, that Is, teach,

the student. From the perspective of Improving

transference; CdHCDN's lﬁstructlon.goes beyond having the

student identify errors in existing sentences to writing

1
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his own error=free ones, This 1s superlor to frune-base;
CAL since composing error-free'sentences Is far closer to
the writing of essayss the major activity In freshman

English or remedial courses,

COMCDN f\has three major componentst a set of

production rules which creates an internal representation
1 \ '

oﬁ the student's 'sentenceo ] nltrlx#baseh model of the

studenty, and a sulte of qoal-dlrec%ed érogrnms that
control the conversations between stp%ent and system, I
have arqued throughout that an effective CAL lesson to
teach writing sklllis nu;t have all three. To the extent
they .are lacking, the program cannot ;ccept the full range
of- the ‘student's varlety; have an adequate sense of the
substance and structure of his knowledge, n;; be able
participate in meanlnﬁful conversations with him sbout the
material. I have, therefore, placed my proposals for

these three components at the center of this thesis.

To meet the demands of the variety generated by the

studentygwl have used a set of production rules which

- 234 -
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represent knowledge sbout using the comma. These
prod 'on rulesy) a group of IF=THEN statements, cause

t

COMCON to fook for certsain features and their , ‘g
H

configuration In sentence |nput and then elther' take or‘
suggest ‘sppropriate actions as a result of Its selrch:
The formalism appears well~-suited 'éo the task set i
for it here. It can be used to examine the entlre'strlnbf
the student enterss, rsther than merely portions of it _Jike
procedur e~bssed programming langusges., Hence, It s
.extrsmely fiexible and able to respond to a wide range of
dlt;-\\&S‘I have shown» It can be used elther to establish
or conr;}m an hypothesis, and It s uell-syltedf to : ?.
sccommodating logical implication. It has at least some ' ig;
of the power of the semantic net In merking relstionships ,‘ ;

.but makes manipulating them essier, Because |t requires ‘ J

no complex notation £uch as .one finds with predicate

caleulus the production rule fognllls" Iis easy to }
. . M 4 [
documents maintaing and understand by elither ‘the orliginsl &
s . Yy

author or by others. Moreover, its modular nagure aliows
new rules to be added qulite easily, pefllttlng extenslbns
to the teaching program. And this applies not only to the .

rules themselves but to the "metarules™ or filters ‘which

- 235 - S
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fine-tune the way the system examines data. 50, should sn

 instructor decide that no comsa is needed after ]
) ‘ R
prepositional phrases that rule could be deleted. Or If

he wished to Includé other sorts of punctuatloﬁ; they

.
o tammpebicr

" could be {;dcd once the proper rutes had been formulated.*

Although not implemented on COMCONs” ~ there care @

number of programs In the'heveloplent stage which deal

Qlth the case of pronouns and dnnglinq constructions which .

ltater versloh§ ulll'lﬁcorporlte.tt These changes couid be

readily included In the sorts of conversations COMCON /
) ﬁroduces without disrupting other elements alresdy there. ,

In briefy, the production rule formsiism [s powerful)

-

# For Instance, “IF the string after a semicolon is not »

*

i) . .
main clause and IF It is not part of a series of |tems) ’

R TR WP R SRR R

« . THEN the sci!coion is wrong™.,

¥ “IF g pronoun follows a form of the verb 'to be's and

IIF it Is in the objective case, THEN it should be

ch!noed'. Or "“IF the flrsi word In a suntenée Iﬁ/l

Qprcseét participle AND 'IF It does not refer to the subject

' of ;hé clause THEN the participle dangles™, ' N
. ) . g |
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’flexlble. and congeplll.,q
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5

. Like. many other researchers, I have discovered that

one cannot use CAL effectively without havlng‘n gr eat deal

more information .about“what the stqdent knous snd the way

he knows t. The matrix model of the student

described offersy, I thinks» an efficient method of his
looking at the substahce of knowledge ("He can see that X

iIs a ‘subordinating conjunction®) as well as Its structure

(*Me can see X Is a subdrmumgtzg conjunct ion but not that

“

it begins an Introductory ¢ ause”).  The three-valued

logic used in the natrlx'&lstlngu1shes whether something.

Is right or .wrong (or true or false) as well as what is

1

undecided, One has a way of seeing, thereforey what has,

coulds, or should be. done,

" ‘
The wmatrix~based model of the student aliso allows us

to 100k at the student®s writing both in terms of his most .

recen; sentence and all the sentences he has wuritten,

This permits us to converse with him about his current

‘- 237 -
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work and also to declide what kinds o; rq’edlntlon are

- Indicated over the fong run. The ‘model does not have the

predlctiv; powers to show what topic should be learned

- next, but It can ssy uhut.has-not b;cn iearﬁed on the very

strong evidence of the student's own sentence. One
potential shortcoming 1Is that (It represents the

student®s actions . as 1 suﬁsot of those an expert would

ﬁerf;?n. However, beceuse the student model not only

glives .lnfornatlon about the student but afso includes »
comprehensive nodbj of his sentence, ane can urgde that
there Iis not a vast difference In seeing what the student
does and what he must do. Indeed, If the, model cannot
sccount. for every contingency, it can account for those
most tikely to occur In student writing. The c&nszderable
nuoun; of ‘book-keeping necessary to keep track of all tﬂ?;“us
Infor;rtlon isy I suggest, one oé the most convincing .
arguments for wusing s computer to telc: in the first

places

COMCON's third msjor component is s sulte of
goal-oriented ;rogrnns that controls the actual conversing

with the Student. The basic strategy of the oconversation

- 238 = B
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programs Is to direc ~the student's attentlion to potential
errors and to suggest Ly to him of correcting thenm. It §

helps him to see the anglogies that should exist between

the m?del of the properiy-punctuated sentence and what he
has written. To do this) howevery requires COMCOM to ask
the student to supply the semantic information It .itself
cannot. Using the student's knowledge ralses a number of
questlonsk First, a program that requires a humsn being
to provide It with essentisl Information does not
demonstrate genuline .Intelligence, This Is truey of
courses but the Issue in this application Iis not to
provide the student with s perfectly punctuated version of
his sentence (even if it uere_:;sslble’ what would be |
learned?)s» but to help glh lear? to do his owWn
corregtions, " Like MYCIN, COMCON is not lelnt‘to replace
the student but go sugment hime I suggest on the basis of
iy experience with teaching grammar that engaging the
student In this kind of conversation causes him first to

Introspect and then exteridorize his notions asbout the -

structure®of his sentences. Such awareness Is a key part

‘of learning to use commis, Theréforep the program makes .

. ‘ - 239 -
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lfbernf use of "what-about®™ questions becsuse they direct
the . learner's atéeﬁtlon to the analoglies that must exlist
between the structure of what he has ;rlttan a&@ the
structure of'the mode! he hss been taught. In fact, "what
sbout™ questions cause the student to look for the very
festures which the progrem Itself is looking for; the
student punctustes his sentences using a variant of the
same algoriths the progras’s “master performer™ uses,
Each ned sentence becomes a new opportunity to wuse the
algoritha in a new sltu:tl;n, and so accords an

opportunity for transference of skiills to occur.

Indeed, the student has an added sdvantage over the
camputer when making corrections in that he can readiiy
understand semantic Information with which the wmachine
strugotes. In effect, COMCON's strategy combines the
computer's capacity to recognize many patterns ("abc™ with
& comma before ity "xyz® »at the start of s sentence
fol!erd by a comma, etceters) . with the human capscity to
clarify contexts. So shile It is true that in many
ccs;s the couputer‘-ust interact with stadent in order to

be 1 waster performer, that very interaction Is valuable

o
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for the student.’

A second obJjection might be that the student could

essily feed COMCON wrong Information. For exampte, asked
if "but"® jolned two msin clausesy the student might not
know what constitutes s main clause. Th;re are two
snswers to this. First, COMCON -~iike 2l
lnstruction;-requlresh 2 certain entry level, and‘so @
screening proceis must be used, In the present
implementations this takes the for?fnr pre-instruction
sesslons in which the necessary entry skills are taught.
Eventusily, howevers 1 iIntend to wuse the branching )
programs [ have spoken of which do succeed in teaghing the
simpler toplics (such as "'and' s a coordMtating
conjunction"), Secondly, whatever forg the screening
process takesy, (It need not be absolutely perfect because
COMCON contains a HELP faclliity that can be called upon at

-ny'tlne to teach what s required,-
COMCON, then, provides a way not merely of carrecting

- 241 -
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errors but of developing strategies for correcting errors,
These range from learning discrete facts ("X is - a
preposition™) to procédures for Integrating those facts
Into s repertoire that recqonlzcs and acts upon the
anslogies between what has been written and nhai/,should

have been written. And this repgrtolre

. *
of skills is the one which the student must call upon when
AN

he writes hils essays.
k3

!
14

On the issue of iImplementstions I have said that
using a stand-alone computer would be preferable to using a
time-sharing environment because the Jatter |Is- both’
expensive and troubleprone, Buts in facts I have not
been asble to use standalone microcomputers; the few that
do exlst are too expensive at the moment. The problem of
costs» however, |Is one thst should ‘become less scute,
H}thln 8. very few years, we should have avaiisble systems
powerful enough to run COMCON in extremely

user=friendly ways and chesp enough-.to bu§ in sufficlent

'
.

quantities.,
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Futur e Research

This thesis has been a feasiblilty study with only - i
{imited exper iment with étudents. One hopes that, resources
permitting, the next step Is a medium—-size try-out of asbout
thirty students to determine which of COMCON's components
needs further development, I would Iike to test' the 3
hypothes|’s that COMCON pfoduces a significant tr:nsfer. of
the skills need.ed to write essays. Because -costs are high
in producing programs Ilke COMCON, there should Dbe
evidence to support further devel;;pnent. However, as I
have sald, this kind of experiment recwlre’s resources not :
avaifabie at the time of this writinge. i

»

A second major ar es of future work Is the development
of new production rules and the refining of the pres,ent
ones. These need not be limited to the comma but can
extend over the whole of the freshman and remediol writing:
course material, This clearly would be useful st the
practical lov’el of writing new CAL, but would 'nlko

contr'lbute to deterninlnn _the .value and limits of the

productionrule formalisms Indeed, there remains the very Ag

- 244 -
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auch brosder |issue of genertllzln‘g the techniques | use

here to other subjects. Along with this) one would Ilike

3

?

sode IS,

Thirdlys although ! have not(‘ included the .lctunl
computer code in this thesis, I eiln assure the reader thn,t
it needs much Iimprovement. COMCON's code evolved slowl.y,
pulnfuli‘y, and almost entirely nlth~out the ‘help of
professional programmers. The resuit may work, It |Is
t}ue, but It Is nelther elegant nor efficient. Indeed,
the present version s difficult to maintain, difficult to
extend, and difficult to afford. Before a fullil-scale
imp i ementatlion can take place, there uould‘ have to be a
thorough revision of the programs.
‘
Finallys I real ize that much of what I have said here

criticizes a large portion of existing CAL. I hope it s

\to ‘"see further development of algorithms and student .

clear ! did not intend to disparage or to be hostile to

&

the fine work so many peopl e have done. But I sincerely

b'allieve that we have reached an lngortant point In the

»
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development of CAL. We “can- no longer . congratulate’
ourselyves Just‘ because we get a program to run or because
lts hardware or graphics are Impressive, We cannot even
be satisfied with high scores on post tegts., . We csn be
pleased with our work only when we show it truly
bringing people and Jdeas together.

Without  msking this sound like a clarfon call to th'e
brave and to the heroicy we must face head=-on questions
both difflcult to answér and difficult to confront. It is
all too essy--having lgvested so much of ourselves iIn our .
programs=--to shrink" from the harsh questions of whether
they have any real educationa! vslue. And these questions
sre of more than academic Interest. As computers become
increasingly present In t;ur schools, as assuredly they
willy we have tt) be sble ‘to lrticultte their functlons’.

And I mean "articulate” both In the sense of expressing

.ourselves In words and of understanding how computers sre

" jointed™ with other components In educetionsl systems.
If we <can't do this, we risk turning a potent tecdhnology
into Just another gadget that plugged into a wall and

which once had such grest promise. It is up to us as

- 246 -
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educational technologists to speak to the hard Issues, and

to that ends ! hope that this thesis has contr_lbutad.
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-APPENDIX It A MODEL OF THE PROPERLY~PUNCTUATED SENTENCE

M

Recall the modei I gave ecarliers

(I1,) MC1(DC1)sccMC2(DC2)(»NE»)(S)

Let us examine it In wore detail by reconstructing its

.o

evolution from a simple sgntence. Consider the following!t

S1t The man threw the ball,

Here the entire string Is a single main clause (which we
~ {
wiltl call MCl). It 1Is semantically complete; It has o St

1

"subject and predicate like other clauses and it can atso ?

i

stand aslone and -‘make complete sense. If we add an %
: ' |

introductory element, the result Is S2t ) i

S23% After tunchs the man threw the ball,

a
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\ Notfce\tﬁltll comms was placed after "jlunch™, Although
some urlters\bonslder this unnecessary since it is s brief
prepos;tlonnl phrase, the model insists on a comma being
there.  This -lnslsteﬁce comes both from 1logicel and

pedagogical attempts to avold confusion one tinds In 33

"
"

S3:t Above the sun shone briltiantiy.

dhe sbsence of the comma after "above™ forces the regdcr
to backtrack to locate the main clsuse., While |t Iis true

/ - '
__thay'most sentences do not cause such misunderstandings,

! g

enough do for one to Insist on a comms fOr reasons of

. Ioolc;l consistency and for‘tenchlnq students who are not

always alert to the confusions of thelir sentences.

Indeed, .one cnqx ssy that the whole Issue of commas
sfter introductory elements is a function of the
word-order syntax of éngllsh lndwhlch we know what we know
by what comes flirst. Slnci we normally expect the subject
to precede everything else, we must have a signal of some

sort when this Is not the case, English Is partlially

1 - 262 -
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Inflecteds but not enoughs for exemples to allow us to

.’.

suitch the words In 5S4 and S5 with impunity: ﬁ
S4t Tom hit' Johne.

$%1. John .hit Tome ‘ . a
i

E3
0

The order In which we recelve tpe words "Tom® and "John"
determines the wmesning of the sentence. And extendlhg
this notlions we must be aslerted when the subject °‘is

delgyod--nhethor‘ by a dependent clnhspo s phrase of some
)
sorty an Interjection, or snything else that acts as an

Introductory element.,

R

L4

'To return to our wmain qtlusé and’ Its iIntroduttory
element, we cany of cout;}; add a8 second maln chuse

{MC2), but lt'cnnnot'slnply be sttached with a comma as in

. .
S6¢ ) . .o
! . Ty

.

$61 After funchs the man threw the bslls, the boy cslght

3 . 1

it,
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! o ) -7 4
; © S6 s a “comma spiice® (that Is, two main clauses Jjoined
. - . -
LI " only by means of a comme)3. it Is a frequent error in.
: ) )

student urfilna. The sentence needs s coordinating

-~

{\\, , " conjunction after the second comms  to show that the two
ideas expressed in the clauses are.connected. The comme

. .
- "alone Is insufficient because Its primary function Is to

I

separate units, not Join.thems The corrected varﬁldn of
. . ‘ » -

G S6s» therefore, Is §7: .
, SR U
. S7t After lunch, the man threw the ball, and the fbdy
' ,caught It.
_ And Just s .clesrly, It would be wrong o cast the
L) t O
- ' .
sentence as MC1MC2 (S8) or MClccMC2 ($9)3 ‘ ”r//,)
‘ $81 After lunchs, the .man threw the baill the boy ceught It.
N i - ‘ :
: 2 ) 1 ' AN
} S101 After lunch, the man threw the ball and the boy
} ¢ ) * ‘ ' ;
: caught it. i a '
; " ) :
¢ , 4
- - 264 -
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59 .would be considered correct by some writers

because the'txo main clauses are rather short. Indeed,

there Iis not w=such reason to worry about confusion here,
But the model insists on the comma for the benefit of the
student’ writer who should not have to worry about what
cofstitutes the vague description “rather short®.  And
fews 1 suspects would ‘srgue that the comma is outright
wrong, rather than optlo&al. Incliuding It) then, does no
harm anq much gaod from the perspective of the student,

Our sample sontence.can be expanded still further by

addlnﬁ dependent clauses. For Instance?

9

S10t After. lunchs the man threw the beatli because It seemed

e

like f&ns and the boy caught It. N

-
-

§11t After lunchs the man threw the bells and the boy
At . , 4 .

caught it when It came to him
. N,
\ .)
. ‘w\’
S12% After: lunch; the man threw tbe ball bccnuso it seemed

llko fun, and thc boy caught It whcn it came to him. .

J :_ - 265 = - —1
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We can model these sentences this ways

$10t I, MC1DC1lyccMC2

» !

S11: I»MCl,ccMC2DC ;

S12: I, MC1DCl,eccMC20C2

a

The thing to note here In terms of punctustion is that

there Is no comms between the main clsuse and Its

following dependent clause. This is the case since the

-

dependent clause Is not s meaningful unit of its owns but
. .
one that must ‘be sttached to a main cleuse. A comms

{whose Job is to separaste) would break that connection.

a

The only exception to_this is when a following dependent

ci%use I's nonessentials a concept I will discuss below.
s -

-

. Note asiso that s dependent clause preceding its main
clsuse s treated as ap Introductory elsment; a comma

.therefore, sust follow It as in 'S13¢ ~;)

ot
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$13: Because ‘It seemed 1ike fun, the'lan threw the ball

?

after junche.

Since the subJject does not come at the begihning of the
sentences there must & signal to the reader to suspend
decision about whos this sentence has for Its subject,
And notice that by shifting the prepositionat phrase to
Its usual p;sltlon after "ball" no comma is sllowed

betuween the main clause and the phrase that modifies it.

Two more expansions to the model are possible.
First, Qe can eadd a serles of Items and locate it In any

of several posltloqsr For instance!

S14: After lunchs the man threw the red ball, the
e ~

white ball, and the green baliy, and the boy caught them.

S15! After lunchs the man the the bali, snd the boy caught

thems, juggled them, and threw them back.

-

Although the series sre added to MC1l and MC2 rlspoctlwglyo

the principle remains the ssme: the last items regardiess
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whether it is a single word or & group of words, must be

o~
separated from the others by a comma and a coordinating

conjunction. Hencey, "the r.ed bally the white ball and the
green ball™ |Is wrong. - Some experienced writers will

disegr ees but tfe mode! removes any trsce of ambligulity as,

for instances In the following? :

¢

-

¥,
S16t The balis were red) white; blue snd green. .
1

-

How many balls were there? f Three . (one of which was
two-toned blue and Qreen)? Or ;our? The comma removes
all doubt, and even where there {; ;p;llyaly to be
confusion, it holps' the ° student writer develop
consistency. kosins the final comma Is never wrongs, but
there are times-=-like S16--when Its absence is.misleading.

: rs
Thereforey the model insisists on its presence,

)

~t
The second expansion adds various kinds of
nonessential elements to different positions iIn the
sentqncoc Here are a few examples using nonessential

words» phrases> and clsuses! ' \



.
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S17t1 After funch, the man threw the ball, but the boy, N
. ‘ ' . b ‘
slas, dropped It.

\\‘\\
\L\ .
S18t After lunch, the man, who had eaten too muchs threw

AN
the ball to the boy, and the boy caught it,

W

" 19+ The mans after tunchs, threw the balls 'gna the boy 1

caught It. h

. . |
o ’ The importent thing to see here Is that a pair of
commas enclose the nonessential element, Onb;-clthcr

before or trailing-~would be wrong because it is the whole ’

element thet Is in question, Whether something s

- nonessential or not 1Is, however, more of s semantic f

question than a syntactic one. The usual test Is to read
the sentence withoutgthe. elément and see If It stitl makes ‘ /V

sense, This often is Insufficient since the,s.ntcnce _can

| ~~

~~—

\ i be ,qralniflcafly acceptable “even without en essentiael ]

elements For Instance:s

$20: The man who was ue;rlno the blsck hat was the kjtler,

p
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S21t The man, who was wearing the biack hats was the

kijler, ’

&

S22 The men was the kilter,

*

S20 says "who was wearing the black hat" is essential
since one cannot identifty the " man without this
information. s21 says the information, slthough

interestings Is not essential to identify who the klller

L)

Ise and S22 shows the sentence stit! is grammaticslly
-
correct without the clause., S21 would be right oniy,

howevers |f the context in which It was written makes
clear In some other way who is the killer without wmaking

’

fhe reader rely on nonessential refative clause. So the

e
1/

issue is very much at the dlsc;ﬁ%lon of the  writer to
decide, whether or not the zlnfornntlon is or lsn't
es;entlll. In terms of the wmodel,) hounvér; ogo must
enclose nonessential information in s pair of commas and
o-#f them altogether nh;n lé Is essentiale One comma, to
feﬁaat what I've saldy» Is wrongs regl}dless where |t

-
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One further point n(:ut nonessential elements wmust be
made. Should one come at the end of the sentences a pair
of commas Is incorrectt the second one must t'u repliaced by

s perlod. For lns'tuneu

$23t The man threw fhe balts which was all rlight with the"®

boye

Heres everything to the right of the comma |Is nonessential

according to the writer. Compare it to S24:

-

r .

S241  The man threw the ball which was ail right with the
boye. ' ’ * :

524 conforms to the model's way of dealing ™ with dependent

‘clwse's (which are treated the same as relstive cl suses),

but the writer can override the -rule sesbout following
dhendent clauses by cliaslming the clause is nonessential,
Once again, the issue is semantic, not syntactice As long

as the writer can wmake & ressonbable <case for the
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information being merely lntere;tlng s opposed to

essentials the comma is right.

The model also shows where the comms is not permitted
alti;ouoh these clrcumstances are less readifly - spparent,
The comms nust :Iot' ss we have seens be placed between »
main cluus; and a foliowling dependent clause (uniess that
clause is nonessential)e It Is also not permitted between
the subject of the sentence and its verbs between the verd
and (ts object, end between equat elements Joined by s
.coordinating conjunction. For exasplet v .

525'3 What s needed in these dire times t;e live Inyp s

honesty snd courage.

S26t Al though he didn't think so» he received from his

friends end relationsy exsctly what he gave them,
‘ -

S27t He spent his childhood happily swimming in the pond,

and chedr Tully -nsnrlng letters'.

.
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In all three cases» 8 person might pause when spesking at
the places there are commass and so think that commas
- shoul‘d be inserted. Because the noun ‘clluse whigh
func‘tl’ons as the subject In 525 Is rather longy we pause
when speakling; but no comma should ble inserted there

[

snymore than in "Boys, are green™, Sinitarily; one would i

not put & comsms In "He hi ty, the bali”; the length of the j
object or the verb does not alter the principle of not
séparating thems And lastly, S27 shows the mistake of
'sop-rntlno two equal units (here, 'partlclpul phrases ) *
which have siready been Joined by a coordinsting

conjunctione. Although t}aese last three examples of where .

the comng Is not peraitted are not made explicit by the ) i
mnodel, I Iingclude them here beénuse they are sn  Important
part of the instructionsl program which has the model as

*jts center.
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Appendix II:t
A Formative Evalustion of

COMCON!'s 'Instructional Effectiveness

The intent ion of this thesis has been to demonstrate
the feasibility of constructing and running COMCON. The
sentences I reproduced in Chapter VI were urlttenl by
students » but those students were not part of a controlied
experiment or even s full-scatle tryout," Houevero‘ even
though the centrsl thrust of the thesis has not been
empirical, one would noturglly ke to know how well
COMCON facititates vertical transfer of [learning. To that
ends «  formatlve “évelustion of. COMCON's instructionsl
effectiveness. was cerrled out which Investigated |if
s tudents who used CDHCON. would Indeed make fewer comms
errors on their essays than when they wused only the
frame-based lessonss The.degree to which the resutts of
this study can be generalizeds however, is (imited becsuse
of s number of factors which I will discuss below, This

being sald, the results remasln strongly suggestive.

Before reporting these resultss, however, it Is
important to underlylne the basic premises of s formative
evaluation, Educational titersture most often reports
resesrch whose methodology attempts to replicate that of

the nastursl sclences, That is) the researcher generally

~
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hypothos i zes that one kind of Instruction is superior to
another and constructs sn experiment which attempts to
controt atl ’urlnbtes. Shoutd there be an observed
di fference in behsvior after treatment, It can be
attributed to one particular factor. This methodology
assumes | aboratory condlthns such that the effects of one
and only.. one {ndependent varlable at ] tine are
stgnificent. But educatlional problems are rarely amenabie
to flaboratory techniques; they are simpily too comrlex to
be reduced without distorting the interelationships of
their components. Research that ignores this runs the
risk; to paraphrese Beer (1974), of messuring what is
convenient to measure, not what Is Importante. Many CAL
systems, for exasmples can say (down to millliseconds) how
fong a student sat at a terminal; fewer can say what  he
was thinking of during that timé. If one does try to
incorporate "real=life” conditlons into a control led
study, however, there |Is the re-l‘dlfflculty of proving
that despite the suirl of the environment, the fac.tor that

4
trulyhlff‘ected the results can be isolated. é

(

A formative evealuation, on the other hand, Is |ess

Al

concerned with proving one amode of instruction superior to

snother than with finding out how well easch works, where

?
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its problems ares and what ere the fundssental ressons for
its sucess or f.llgro. In other words, one triles to
describe thoroughly & set of liInstructionsl materiasls
before extending the concern to how well It'fares against
others. To that™ends this study does not try to control
variables 8s one- might |In I, laboratory experiment
comparing two conpetlmg CAL programs. It does not try
to say thnt' COMCON is superior ss much as point out‘the
job COMCON does. This is not to imply that in the future
COMCON should\ not be tested against otﬁer successful
methods of effecting transfer; for the time beings
however, the interest lles in COMCON Itself. The current
study is,» In effect, o simulstion that looks at what
happens when students have access to CDﬁCUN. The results
reflect, therefore, an absolute level of COMCON's

L4

effectiveness and efflclgncy. Sphc(flcnf1yn ;this
Vevaiuntlon set out to see If students ooulé transfer comma
skitis to their own essays |nstead o( to criterion tests.
Thelr sucess would fuoocst that COMCON does in fact

produce vertical rather than Jaterail transfer. A

second--and equaliy compell ing Issue-~-is what need§ to be

’ done to improve COMCON as it now stands. Therefore, thhge

kinds of information were sought?

1) scores that reflected the students' sbility to transfer
. -

comma skills to their essays; o :

§
14
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2) anecdots! cpn.ents from students on whst tbey 8s users
saw as the strengths and wesknesses of CONCON} 3
and 3) observastions by the designer to suppliement and >
extend student observations.

‘ : /
Method ’
The ssmple consisted of ten Venier College ;tudents
enrofled in. Effective Writings—-a remedial composition
course, Students were placed Iin Effective Nriting on the

basis of two factorst! 1) their scores on 4: stuhdur%lzed ,’f
1/ test of nrl}lng skllls which showed ghat they were in the ;
(louest tuenty percent of ail ené?rlno rlrst-yeir students; |
or 2) their work during the first semester which had been ;

|

sufficiently poor to warrant remedisl help, Fron\ s pool

..

[ —

of about sixty=flive such students, only ten were available

for the section in which COMCON could be used.

§ -
Data consisted of scores ffo- essays written after

using CPINS (the frame-based CAL I described in Chapter

II) end after each of two sessions with COMCON.  The

' ' - 217 -
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"comma event™ which was defined asi

) . -

- A - » L __‘_“E

scores- (reported in Table I) sre not -those given for

overafll perfoflndhi\on the esssys but only fqr iié\.ry of
comma skills, the subject wstter taught by both CAL

programs. The scores were derived‘from the coﬁcnpt of

. < - .
@ . . © L4 . D
N * ’ B
“ ' L 4 N

¢

1), an occasion where’a comma was called for and InéeTted;

-~
“r
’

?) an occasion uhq;e‘uiqoqnm wass called for but o-lbfed;

N [} § . <
¢ -
»
‘

~

3) en occastob where a comms was not -called for but

inserted. » ' { -

1 4
]

The second and third instances ' sre) o;\ course, errors.

The, scores, therefore, represent the percentage of times
4 : o
vwhen a comma ¥as calted for and ,used correctly. The

significance of these percentages ?k that they reflect the
' »

! . ’
sbility of the student to taske the set of discrete rules

-

sbout commas he had been tsught and transfer them té his

own essay rather than to s criterion test in which he

" would Iidentify errors iIn prepnred\sentencesv The scores;

theny Indicate whether or ‘not vertléal (rather than

\horlzonttl) tranfer |s taking place.

-~

N 1 4

Students  were required to write osgays each wesk,

-
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‘Typlcnll}, they were on toplics such as "The Worst Movie K 1
Ever Saw" .or "A Person 1 Know® which required no special
knowledge or research. As part of ‘the éourse; students

completed the frame-based lessons on the comma (genersglly

«

over a four-week period) snd submitted’ ‘f‘clats essay.
After e brief orientation In the use of COMCON» they then’

\ ] R ' ]
jnputted sentences from previous essays during s .thirty

~

minute session. Again, they went home to write and submit
“ .
an essaye A second COMCOM session followed and lnothe?

v

- assay“was submitted.

Esch essay was flrst’ read Iooklnb for alt three commsa

(-4

events'thnt were described above. The number of such

events was noted npdi the esSays were rereads this time

. +
recording the number of correct or Incorrect commas, This

i

scordy, expressed as a percentage of right snswers, makes
[ N ' '

up the raw data. The essays were then read a sgain, this

time lookin at the'full range of the esssys! strengths

and‘ieakness s=-grammary dictiony logical argument, style, ?

and so forth., The mark given here was the'\mark the
students sew and was recorded as part of the senister';
worke. Generally, the ,renﬁer couné%ted on’'errors In the
usuil way of co-pgsltlon teachers. In the case of commas)

howevers he pointed out oniy that a mistake existed but

\
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not which klbd. This wes'done to ensure that when the
sentence was !;tnr used for CONCDN; ho special prompting
- had takeﬁ:plueo that wou}d"conféund the r‘esqlis.= The
study's date, thin; constituted a nelntlvelyusnnlf part of

of the orading procngs’.thc part directly fuunht; hﬁnever,

* . -
by COMCON. , . v, 5
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Results
] ' . . D

~

The results showing ‘the vcorrect use of commas.on the

essays submitted after esch treatdgnt sre given in Tabie

I. - A onc-uly -nllysls of v-rlnnso was perforled (Table

‘11 uhlch ylelded an F=ratio significant at @ .001 fevel.
-‘

An a‘ posteriori test wusing Tukey's HSD  ("honpestiy

¥ . . . Y .
‘ . +slgnicant difference™) was carried out which showed

slnnlflcunt drfferences at the «05 tevel for conp&@klons ;
< : betueen the CPINS and the first COMCON scores and for the §
: g
* conpnrlson betneen the‘?no {DHCDN sesslons. Theie was o f
? . ‘significant dlfferancc at the .001 tevel for the ‘ e
comparsion between the CPINS score .and the last COMCON '
ess ey, e - !
& . ' .E.fﬂ»;_ . / :-
{ ‘ ) >~ % 1
1 ¢ 1
> ) "
‘ . r
L ‘ r‘ . ‘.;
o . . . . ;
. b }
\ '
v
\ A
L4 ! ,
LR
& // 9
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‘TABLE It .
Y

\ | " PERCENTAGE OF CDRRECT COMMA EVENTS

~ “CPINS _  COMCON 1 COMCON 2 -
S N 50.. 59 .
F %0 . . 83 . n
: : A N _ 65
‘ - . . .
-y ‘ 52 g 58 . 65
; o33 - &1 v an
: T sy, 65 6 .
C L )ﬂ 57 .73
o Y B T 75
v . s8. , &1 - 81
| 41 47 61
' “»
--------- - e o e S - - F ]
- Y . : ‘
MEAN . 464l 5640 67.2
srANDARu/ . T.34 T.77 9.92
. ,’ - m
DEVIATIONS _ ' L
‘l .
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Al \ -
, » oo L S - - TRIRE Y » -~ ? r'\"‘ Y - P w oy » L o] A L S O - - !
¢ \ ' b - . i
. { ' ’
' ‘ ' ' 't ' M q » o v C I.n . ’ :
o . ‘ | - |
. " - TABLE IIt ANALYSIS OF VARIANCE, o ‘ E
.- ‘ - T ( I A ’
; . Sources of Sum of - -Degrees of Mesn F
} -, » Varisnce Squares  Freedow : Squares L R
) ' ‘ . t v,
* ; \
. ! ¢
al .
Between 2228.866 ~ E T 7 11144433, *15,71674
Y ' »
Y 6roups ‘ ' : e f
[ . " '
T o \ Co
Within 1914.500 .27 70,907 ' -
) Groups T '
. Total | 4143.366 29 . C e o :
. ' 4 *
. ) -
[N ) \\ : - °, i
*p 5,001 - ‘ ‘ - , ?
* 2 ’ ) . )
. Discussion o 3
) Y s -
The dats indicate that - the use of COMCON did produce
' signifcant differences in the abllity to use commas on

essays., ‘'The hlghcr' conf[dgnce level obtained far the

éonplrklon between the CPINS essay and the second COMCONM

one bears out what ‘IPPélrs Intultively sot continued
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‘ practice with COMCOM ,prohuces bétter performance, This

suggests how COMCON Is to be used. GOnce the basic skills

are In fl-ceo COMCON can .become a kind of practice lesson,

rather than a piece of coursenar@' essentially deslgnei

’ - -

onty for one-time use. = As students _ encounter

difficulties=-say on returned es;iys--they cpuld‘ente(-the

)

problem sentences, and COMCON would take them through the

lcorrectlon'procbss. COMCON sessions would be as . frequent

A

only as. student need demanded. Further, because COMCON.
. !

takes the student's sentence as lnput@ there would be no

question’ of- having tod determine the appropriate level of

remediation.

¢

)

A second a-posteriori groéedure'(lq eddition to Tukey's

@

HSD) wes "a T-test comparison between scores on an essay

“"done before students used CPINS and the one immediately

sfter {which is., reported above), No significant

_dlfrqfencéi;\; fo;;d befneen them. This bears out the

initial cancern which led to the construction of COMCON?

"frame-based CAL alone does not produce vertical transfer,,

4

Since each CPINS t{esson contained a criterion tpst and

-

students had to ;hoi m-ftery of ‘euch 'one before

"procsedlnop 1t Is clear that whatever skills CPINS

teaches, they are not those which can be easily

transferred to essay ’nr]tlnq. . The additional use~of

} .

. - 284 -
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‘

COMCON» however, does appear to produce resultse There

‘ares howevers some caveats -about these data.

‘
-

4

"nAﬂﬁouqh the results Ihdicete that students “usl'nuo
Cﬂhtor\l‘ifter CPINS are sble to transfer their skills to
th;et.r ., ouWn ’BS‘SGYSD the resulits remain mereiy suggestives
not ‘deflnltlve. Because of the obvious 'difflculti'es in

uslng an ongoling alass as part of researcqi, the trvout ‘was

not)y to repeats s%@ﬂ In any way as a fully controlled
exper(uent. ; What  wes being e-vahnted in =

‘formative wey was: the instructional erfect‘tv/eness of

-

COMCON. Comparisons, with other strategles are not. only

.

dlffjcult to performy but, in this casey they would be
I
inappropriate since COMCON is not /s; much an\alternntlve

instructional method as an adjunttive one. That 1is, its

.
’

Y ovalué Is for students who, having mastered certain

fundamental concepts (such as recognizing an Introductory
elément or a coardinating conJunction In = . glven
sentence), must huve practice In applylng these concepts

to their own writinge To claim COMCON superior, then, Is

to mis's the point: it functions to vproduce a vertical

transfer once basic skills are siready in place,

*

However, even determining the %rrectlvess of COMCON

on its ‘oun terms |s difficult, First, given .the numbers

of students available and the smount of none9 that could
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be ’nlloca!:ed to runn:lng COMCONs the size- of the tryout -

population hed to be _restricted to ten students,

T v

Naturalhn. more students would allow one(to feel more
c'onflden't about the the Tesults obtained. However, as‘l
.ll;g,ve pointed out in the final chapter, 's‘tnnd-lone
computers . would do iuay ul’tht the 'problelis of x:;lwin;) for
processing time. [ Not only could one then afford wmore
studgr;ts, of course, but ;each student could be given
vlrtug’lty unlimi ted acc:ss. Money, then:. ls‘ an issue more
'l,n' the present context than in the future where COMCON
would ée cun an  such ‘nachsne,s.'\A second confounding
factor was that the CAL (in elther form)'was not the only
lns‘tructlon the ;tuden‘ts‘ recel‘v,ed. In the' norv.,lnl course
;f ‘teachlingy the.y heard a serles of mini~lectures, took
part in discussion, did exercises, sat for weekly quizzes,
and=-perhaps most importantiy—-wrote seversl essays. ItA

is impossible to say that any one of these activities did

not also pltay a significant par=t. in the;;inprovenent of the

scores. Thirdy one csnnot discount the fact that any.

tesching. at all would produce results with students whose

previous formal instruction in commss had been poor lor

' .
-

even nonexistent).

Yet another confounding factor was a possible

. N ! . ' .
Hawthorne effect. Students knew that COMCON was stiil  in

: . - 286 =
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the deve[ognent stages, something which, Jjudging by some

-

informal comments, interested them. The breskdowns of the

. ° . : T
computer necessitated s« monitor to be with them during the

¥ .

COMCON sessions, not to asdvise on -commas but to

‘trouéleshoot system feifures. QOne cannot accurately say
how much this mey have Induced students to be
particularly csreful about writing thelr essays, It

would, of course, be interesting to see essays written

.after the course has ended,

] -

¥

In summaryy, theny the tryout wes somewhat compromlsed
by the small size of the sanpie. the unmessurable
influenges .of other instructlon, and by a possible

Hawthorne effeact.

On an informal and anecdotal level; the brief tryout
supplied, 4as one would éxpect; some very practicel fgvlce
on {improving COMCON,. Some of this 'advlce Wwes hot
necessary: it was no surpr;se that the system broke down
far too often. The Eelay between the student's input ~ana
the system®s resSponse typicaily was about three to five
seconds,‘ulth nNealts up.to thirty seconds and even a minute
not unconmokﬁ This s obviousiy unacceptables Moreover,

b/

not a single session went by without the system falling

sitogether for no apparent reeson. Part of thls may be

»
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due to the large amount of processing COMCON l.'equlr'es and T 1:
its attendent yet stiii undlslcov-rcd bugs, but a oood_ |
measure of it was due to the vagsaries of an overburdened
time-sharing computer system. This would have b:en quite

bsd enough without the terribly high costs (about six to

_seven dollars » session) for Just running the program. \

Student comments generally were quite favourabiej I

reproduce a representetive sample of them here which were ;'
. . bl

collected after the first COMCON sess iont

£

¢

P .
"It makes you sSe€ your errors o o o

here you write your own sentences and that ‘ !

u .

helps you ur'\derstund better « « "

ambi e e v

"Some of the questions are confusing « « » what's

.8 string?”

. ~

"The dedays really bother me « « "
» .

¥

b s T e AT AL T

( . . “It's helpful because It reminds me

of the steps needed. . ‘."

-

1

"It tells me "why! s o o I cant't do that with CPINS « .+
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, it's better than CPINS because {:u have to think twice.". ‘ %

!

’

“You have to knon-four’theorym otherwise it's no use."

. (

. bt

Lo smiA—

"It's goods, you see your mistakes . . « but

parts of the instructlion is confusing « « « coOmpared

5t sk s AT 4,

¢ to CPINS, we get to see what we write, it comes ‘

\‘-\{

¥ out of you + o o :

-~

S

The same stuff as as CPINS but }ou get more into it."

s\ e R bt b A b TS A

6ther than criticism about the computer's failures,

-

most students focussed on the sometimes :;or r st least
ambiguous) instructions., Thé use of the word "s;rlnax, LY
chosen so that the functlon‘ln which it sppeared could be
used In many contexts, was not clear enough fo; most
s tudents., Making that functlon. context-sen;ltlvpy

however, is a technical problem that requires more 'Fbon

in each workspace,

Per haps the sinpgle biggest desion felturerxhe tryout
raiealed was the need for students to have a very strong

hold on entry-skills. Although CDHCON includes 8 HELP

-r289 -
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facility, students often did not know that they in fact

)
|
. - ) {
. - . ) |-
needed to use (ts "So If s student thought s string was a[
main clause when it wasn't, COMCON faileds The HELP ‘%ga
facitity does iInclude a way of determining if a strk’? is
or Iis- not a wmain clause, buto\once againy putting such - 3

sids on. the main program where they will be wmore reidlfy I

héqd p;esents s technical probien of; spaceJ
. o - : .
One _part of COMCON's design that was not prope}ly

. . '

exafiined by the tryout wes the use of ' the student model
over- time, Recall that COMCON's matrix model of the
student not onty récords information about the Ncurrent

sentence (which worked as designed) but also about

¥
:
i
{
j
i
i
|
i

previous ones. These eariier efforts are supposed to
guide COMCON as It presents advice to the student about
‘uhere he is-weak and what he night do next, But the
reistively. few sentences that were entered each session .
were not enough to get 8 resl sense of the student's
development. Nor was it possible to store réé;rds from
session to sessiony tlthouéh thst again 1Is a tqchnlcu!
lisue. In. any event, what had Qeen’a ﬁentrgl festure of

COMCON's design simpiy did not come into plays’ Future

work clearly should address itself to that.
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control’ of the basics -—as with an algorithe-— the whole
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{t ﬂl; p;rthullrly sut|s}ylno to hear comments
that CQHCDH "qn&e me think about what I was doing™ . A
falrix' usual comment was thet putting In one's own
sentence was s better way of learning since It was closer
to what one could or couldn't do. This iss» in facts, the
major claim I would meake for COMCON: becsuse It rcspona{
‘to the studenf's‘vurletyp it is more like s human teacher
in finding out where a student need worke. In thi§ wayy it

]

is unlike braenching CAl. 'CPINS; for Instances\wes a game

students reported that they couid beat Just by seeing what
it was teachﬁ?ﬁ at ghlt moment and .answeping Its questions

quite mechanically. _One ue%kc;'student .preferred CPINS,

-

however, because shg was not sure st sil of the entry .

skills. This makes It clear that unless the student Is in’

proceqdre can be severely compromiseds .How those basics

are taught, however, Is not .an Issue that directly

concerns COMCON. As long .as entry skills' are taught
sufficently well to allow the use of  CONCON» they cen
¢come from any effective and ;frlclent teachers human "ar

4
otherwise.

h

In summary, thens the ' first\ tryout bears out the

ssjor theoreticsl vpredictions ‘about 8 system such as-

COMCON. Because it has more of the "requisite variedy” to.
° K 14

respond to the'studeﬁt'slvarlety, It is far

~

closer to

»
o
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humsn teaching than fiame=based CAL. Hlvlng\the student®s
own * sentence as the basis for the 'coﬁversntlon'o
moreover, wmesns that ‘lt Is the sgudent's real leve!jof
proficiency that Is being aédressedp not simply a guess
nﬁout it. ) The model of the current sentence makes this

possible, Most + Importantiyy the very composing of

sentences s far closer to the skiils Involved in writing

essayse This means that the student truly recelves

prac?lce in what he s trylpq to master., The limited
Ef‘eralliabillty of the tryout notwithstending, there s
énplrléal evidence to besr thls‘out.

) The;Q are “a number of problems, of course, still to
Se sglved. One must get rid of the technical fallures in
running COMCON; the breakdowns and delays of the system
will otherwise defeat one’s  best efforts. ‘ The oproblem
p .
remsins oﬁe of securlpg snd programming the right
hardwares, In terms of Instructional d;slqn; some of the
"rhat, about™ questions need'cllrlchatlon.' Th;'OUtrant
version contains a number of Instructions that” cbnfus;
more thany they tesch, The Jack of"“theory:’ as one
student described the absence of basic msterials (such™ as

“"s main clause Is e o+ ")y Is both a technical problem

2

of space and a pedsgogical one of dfternlnlng the precise

" rotes for the two CAL modes. This remsins for COMCON's

oA e waw
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" future development. But overail, one

encoursged by the results of this trjout. -
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