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L Ahstracf .
N N .
. A najor pxablem in tenchxn: syubolic logic is that~

?  of providing individualized and early feedback to studeants

RS

vho are learning to do proofs. Ordinmerily, the tescher : i -

first sees samples of such proofs only after notational
and procedursl errors are already ingrained, and must bde
unlearned. And stme students have so such diffficulty i
getting started that they canfot produce completed proofs
. at all, and have nothinp to submit for correction. In large
e -—~~-~*ehsm the tustrector 1 uRable t9 6ffer the Xind of con-
centrated and individualired help that may be needed.

To overcome this difffculty’a computer program vwas
developed which functions as & line-by-line proof checker
‘in Sentential Calculus. Yhe program, DEMON, first evaluates
any statement supplied by the student to see whether it is
well-formed; second, it checks each line of the student's
proof to determine whether it is a legitimaté inference
from the premises sfd eprlier lines of the proof. This .
pgogram, combined with & second whith offers drill and feed-
baﬁk on translating English to and from logical sygbols, is
the key part of an integrated computer assisted curriculum

"in informal and formaﬁ logpie. .. .

It is ntgued that these "simulations” of logical pro-
cesses, together with the CAI approach in which they are
embedded, produce a .teaching system wherein college students
acquire ah understanding of symbolic lopic more quickly and
at a higher level than they do in courses using more conven-
tional methods.

" Further, it will be argued that proprams such as DEMON
and BERTIE (a proof checker developed at Dartmouth College),
which evaluate ststements and argutents presented by students
instead of being limited to a particular repertoire, are theo-
retically distinct from conventional nodels of computer ,assisted
instruction and constitute instances of "art{ficial 1ntclliyence

Similatiofliof Copnitive Processes

‘sense "simulation” in logic is a misnomer., logic, like mathematics,

traditionil%y includes the construction and study of representations and models
Do A '

of {ts ovnlotructures within the diseipline.itself." So to the extent that a

simuletion of something must be a copy or imitation and not the thing {tself,

* . ~——y

logic cannot. be simulated% a model of logic is loyic. But in a different sense,

SRS DY S
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7 Tin a #“mﬂn subject. The details of such a nodcl might be SURRGSCQd by experi-

: 1n§ent

" route fr "here" /26 "there'': Building on the immediate plausibility of some

logic Etsel is a ninnlatiou of” so.e;hing eloe*-it is a nodel 80 old we teﬁd

to forgct that it is « representation at all. Of course. what loy!c sxtuLateq - \fi
is th‘ structure of thought ftself; it is & nodcl of coynitive proc.asiaz. _ .
s - kn zeneral two different kinds of ‘goals night be pursucd by a sinnlctor . i‘ v

i
ognitive process such as logical Infernnce (deduction). A osychophytio-
logist

for ex-aple, might want to uodel the way fn which the proceas broceodo

R - -«——”..._._._.,_4.

ment

findings regarding the actual steps and stages a humaa beinp goes
through in performing an iafetenco task, or, the nodel mi:ht bc qcrictlv a
heur stic device, a rcptesentstion of an’unconfirmed theory abou:’uhat Py

veénts only, ° g
. // L
or elle up&n introspective reports--so'CJIIQd "protecols" of~ . % (dctailgd

"

to the question "What steps did .you go through to get that answer?!"),

- N i . l
But all of these, which I call "process" qimulafgdéu,’are essentially

r in that what is being si-ulatod is the way in qp{ch the outcome is

t to be produced in the systen being uodcled.//The criteripn for classi-

fying model a8 a process uimulation ie not coprcstuess of the wodel, but

L,

to model a process.’ ' 7

Logic is not a process simulations Although Aristotle called his three :
axioms of logic "Laws of Thought,” few psychologists or logicians have held . -

that untiaught reason goes tbréugh the very steps of a logical proof in making
pd .
an "{ntujtive” 1n£eren;z; Instead, what logic does 1s provide a reliable

-

inferencesg (' Rules of Inference'), longer and more complex problems can be

e <
.

cOu\d be tackled by the unaided intuition alone. But even were wo

v

to as dpat those same rules.of inference are "wired" into the nervous system, ' .

\ R -

Te uoulq\ee nNo reason to believe that complex human inferences‘proceed in the

mnnner-of a *oxmal-proof: And of course, formal logic doesn't show vhy the rules or:

. \\ 4 . . ‘ /,
\ M



\‘selescboi an example of an "1n§ut—out§ut? sisulation.

..‘ .

.

~

loglc o ‘moTe ainnlatea ismediate 1nferencb :hcn a telaséope'ninﬁlates qight.

\ Both extend human“capabillties. It may be fair to punh the analogy-a bit futther )

and say thnt uﬁat both logic and thc telc:unpe "-i-ula:e ig a kind of Super~

hruman cnpacity to reason or see, over and above the ordinary d% I‘zy way of doing
" these thinga. We might say thxt tclescopcs (and eycglassei§ simulate "hsvin}
better eyes” if the reault of uaing ‘these devices is like actually Saving be:tor L .

eyes, vhether or not the optical systeu,pf the artifigicl device in any vny'

models or resembles that of a pair of Sgtter eyes. For this reason, I call the

In an 1nput—outbut,ainuiaclon, "raw na;erials" similar to those processed

by the systemw being nodeled are ttan;forned'iato a "finiuhgd product’” resembling

't?é output of the original system. But the mechanism by which the transforma-

tion takef place in such a dynamic simulation is irrelevant: it may bé_QanI}
represented in the fiob chart of the model by a black box. Examples of 1nﬁut-
output sinu}a;ions, in addition to tke telescope, are artiﬁicicl heart and lung
machines, pac;ntkers and other functiona; but non-biological body parts, the

pitching and serving machines used in baseball and tennis, and so on. Such de-

.

vices as vending machinee. which "aiuulate salespersons, are s0 familiar that it

is easy to forget that they are indeed simulations.

0f course, calculators and computers are also input-output simulations}

-

and so are logpic and mathematics. -.In fact, the former are input- outpu: simu-

~ L]
~

lations of the latter, while the latter are 1nput output simulations of such
cognitive processes ‘as inferring and calculating. Fence a dynamic simulation

Buch as a compu:rr program which "infers" or''calculates” by producing proofs
' -

or sdlving mathematical problems deserves the designation "artificial intelli-

pence.” In my view, it is not necessary to have devised a prdéfss simulation in
. »

order to make such a claim.

axtoms apptcr plausibla to hun-no--it .gggggg’upon that plausih}lity The:efore.\:t-;

e
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| 151-n1azigg,th¢ Iiachingﬁof Logie thcﬁqgn:er (CAI)

Y

Two diftetent aodes of cp-putex asststca lnsttuctiou (C&I) are utilized
in our co-prehlnntve ptogrln for thé tez;hing of nyubolic logic. Ope of them
_involves conventional CAl techniques, namely the ptcsentntion of new material
wvia alteraaéiné iessons and feedback tx;rcisea. The only sense i{n which this
port of couputét program is a simulation ic-; trivial one; ;he cB-puter
"simﬁlates' @ part of the behaviot of a classroom teicher conducting drill and
févicé exercises. However, we also utilize a progtam vhich can be ‘satd to

constitute artificial intellig‘ncc accordinp to the crit!tia described in the

previous section. Thie program falls 1nto the proad class of computer-assisted

I

instruction to be sure, but because {t 1ndcpcnécntly arrives at logical con-.
clusions'through an "inferential"” process, it provides feedback of a sort

that has been previously available onlylfron a human instructor. Thus, it
qualifies as an innut-§utput simulation of.cognitive processes. For example,
first, our program checks lopidil sentences (formulas) provided by students
to determine whether they are vell-formed and 1ntern;11v consiatent. Second,
ic ascertnins whether the formulas follow from thc premises and/or previous
steps of an argument. In this, it is not limited to a stored repertoire of
questions and answers as is the caéc with conventional CAI programs. Any
problems furnished by the students (within very liberal limits) {s capabii of
heing analyzed by the computer. ¢third, the program has the capacity to
diagnose a wide variéty of logical and syntactical errors, and to provide hints
and specimen soluiions’to problems. ]

. Objectives of CAL in Logic

At a larpe univeréity, the motive for-computerizine instructional materials

N N
ts often primarily economic. (Al appears to be a relatively efficient technique
for adminis;ering mass education. .AtAa small liberal arts college like Dénison.

our motives have been quite different. Since we offer omnly one all-purpose

b




hff fcour¢e fn lagic. :hc stu&en: nlien:tle aorvnd hy it.tcnds to be hcterogencous,_

-cnd the rate at uhich.-atetial can be prcscnccd -Since tht_ctudcnts learmn

- certain na:etiala faster lvd more completely &t the computer terminsl than - . }Fgf

expansion and enrichment. It is especially apparent that students cah leamn

" more n;t;;iil';gti quickly when certain Eiﬁdb'of"ibbiéi'éé;h’ii:ffiﬁiliﬁIqu“'

’ud zhc -tuaénts' objectives 1: takina thc course tlso va:y eousidern v,

CAL cn.bles a inptructor to. 1ndividua11:¢ botﬁ the content of the course S . -

from lectures, the savings in class timé can be utilized fogggurriculum

into symbolic language and proof techniques are taught outside of class.

[

This is because the rate of mns:ery of these topics is particularly a function
of atudeﬁt‘ability. The computer cnablea practically all students to reach

a mipntimum threshold of understanding, .lthongh they mav require dtffcrent
smounts of time in which to do it. CAl'contrtsatgc to g'nore efficient use

of the time of instructors and asiict;ato as well. Formerly, teachers vere

. .

riquired f; repeat ﬁnterial mcﬂ} times before feeling confident that a majorlcj
of class g@mbers had reached a satisf;ctory leveiij understanding. Now an
instructor can coancentrate ;pon the conceptual elements in a course such as
Logic, leaving much of the teaching of skills and tochniquéi to the cowputer.
Student/ﬁotale appears to be enhanced by this combination of teaching methods.
B ;qptract. the conventjonal method for teaching students to dq proofs )
1ﬁvolle-:demonstratiqg a few specimen pfoofs in a lecture setting and havingl

stu§ nts attempt some exercises at home. Under this system, the student

recq&ves no feedback until examination time, when errors are litkely to be

1ngtnined. Also, by then the evaluation process hho begun, creating an

cnvironmnnt in which new learning lnd error correction are eclipsed in impor-
tance. Indeed, under the traditional approach, some students never reach <he

first threshold of competence in doing prdofs, and thus receive no helpful

feedback at all. In contrast, the computer provides early, instantaneous, and

( . -




detcllcd feedback 1h sa envirunn-ns vhich 18 nonjnégncatll and -tinxaina the |

K

.tndagt-n privtcy. Vittutlly cll students -lncgt to hegin to ptnduco groofs

fo this setting. This dgsmatic f.c: alone juntiflos thé use of CAI in the tesch- s

ing - of logic.

The Denison FRAME Programs ’
. K} S
The conventional CAI’component of our integrated computer package in . .';

logic cﬁnsists of a series of exercises we call FRAME prograis. This 1is
‘bacause they are keyed to frames of the progrtn-ed.textbo§k§ we uae_fo? the
teaching of translation to and from symbolic lanpuage. The FRAME prograss

. provide explanations, co}r&ctions. additions, extra practice exercises and
feedback, each 'one related to a particular lesgon in the textbook. Like
other conventional CAI programs, the FRAME programs are limited to the specific
repertoire of exercises stored in the computer's memory ahd offer the student

> - Ca
feedback to only those of his or her responses that the designers of the |

programs were sable to anticipate. gxperience with .thesé programs will enable
us to make them more versatile, but not to overceme this inherent handicap

of conventional CAI programs.

Ptoof-Checking Simulations: DEMON and BERTIE

¢

The most innovative feature of our cowputer package in lopic is, éf course,
our proof-checking program, which we call DEMON ("Demonstration”). The major
credit for the programming of ﬁ&MON belongs to Robert Hanf;edi. a Denison senior .‘ .
Chemistry major who had been a teaching assistant in Logic. When DEMON was
designed, we believed that.it was the only sinulation of its kind, but later
wve learned of the existence of BERTIE, a computer program Wwith identical |

objectives which was developed at Dartmouth College by two faculty members,

o . "

4

B

*Schagrin, Morton L., The Language of Lopic (New York: Random Housé,"1968). '
- | . :
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' 7 cowsin: Both auou the student to chooae m:mr to nolvc pt.cti& ytoblm

| ltortd in the computer cinenory or to futninh his or htr own. The rnpcrtoiru

of problems which the programs can ascict:ptnﬂents in solving is thni unlinitcd{ 'rng
B;th programs are cgpaﬁle of ‘providing a series of exercises carcfully'gt;d— o
uated .in difficulty and designed to provide practice in the use of all appli-

cable rules of 1n£e;ence. Both check each line of student input for coherence
a8 well as correctnest (DEHON'specifies which logical oY syntactical error is

being wnde), and both have the ctpability of evaluating the student's claimed

juatificatiom for each lime of the proof. Both are able to evuluatc any

proferfod solution, and to certify any correct proof, no matter how citéuitoqg.

BERTIE goes further than DEMON in providing instruction in doing proofs in two
different symbolic languages, Sentential (éropositional) Cclculus and Prediccte
. . Calculus, while DEMON handles only proofs written in the former language. - :

Fvaluation of the Denison CAI Packugg in Logic

This 18 the first semester in which the.conpiete’nenison CAl package 1&
’available for classroom ;se. Data has been collected estihlishing norms for
student achievement in Log1§ during previous semesters when conventionnl'te.chgng
methods were,eﬁploye& exclusively. As many factors as possiﬁie are being held
constant to facilitate the eva%uation of the CAI Logic Project. These include
syllabus, c}ass size, contact houxs,‘iu-tructor and textbooks used. Student
- achievement is evaluated by means of objective written tests compiled by the)
instructor from a pool of proylema of similar difficQI:y.v The evaluation
\ process does not utilize the computer in any way; a basic premise of the
project has.been that the computer servec'exciusiveiy as an instrucc;onal device.
) Although varictions in the capabilities of the students who elect to study logic '

- ” ' R A "
. could distort our evaluation data, admissions statistics for the period of the .

study suggest that no such effect is likely.'



by utly stu-sr 19?7. Inquiriu ;Bm tho ptojcet m wuconag M in arc”& °. *

. villing to lh(!l our progrm vith o!:heu vho atc usgapd 1:: the tuching of . ' ' &
-yabolic logic. In the same cp/iric ve would ltkc to leknwidu the mm;:y L
of the designers of BERTIE ‘and their duummng agents, cwwn of tm.

vho have unhesitatingly shared thoir work with us.

!

‘technic"ai' Inf ormation

Laagcm of FRAME and DEMON: Basic Plus, Ver 06A
. Language of wrm:»  “Dartmouth” Besic (The distributing .géae for

'BERTIE is CONDUIT, P. O. Box 388, Yowa City. lowa, 52240. )

“a Denilon Computer: Digital Equimt Corporstion, Model PDP '11/45;
L

. Opetatin‘g SyctnrRSTs/E. Nine-track nmuc tapu, 800 hpt -
(8 bit ASCII) _and PDP11 typc DEC tapés are avnilable at cost
for transfer of FRAME and DEYOM,

*




