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ins tructional systems in general . The review concludes that , as a
CA l system become s more responsive to natural language input , the number
of extraneous skills a student must develop in order to interact with
the program decreases. Also , providing an author with the opportunity
to interact with the computer in natural language lessens the time re-
quired to create CAl materials as well as the constraints imposed on
those materials by working in a programming language .
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Generative Computer Assisted Instruction
and Artificial Intelligence

INTRODUCTION

As has o f t e n  been rioted ( t ’ . g.  , (‘.i rhoiit ’l I , 1970a; l i t t a l , [‘a s i c l r , Roge r s , &

Hieronvmot rs , U)t~~~ , L r ~~ l i  t t o n a l  t iu ~, ’~~ ’ i  i ‘ r i t  t ’d (‘omj ’LIter— .issist ed i n s t r u c t  ion

110( 5 n ot iak& f i i I 1 ri ’;~’ o t  t h e  ,‘ar,-le i l i t  r~’s ol the c omp u t  t r .  In [t am e — o r i e n t e d

~A L s t l I d C C t S  l i t ’ ~~Vt ’St ’1i i ~‘d pri’st ored L t ’xt arid t ( ’ x t — r c  l a t c d  qt i e s t i o i i s.  Although

- -omp lex b r a n  cli i ng  st  r r  t &‘~~ i t’~~ univ be i m p  I i’vt’ ,l , t i, i n s — o r i e n t e d  CA I Is bas i c a l l  v a

mechanized version of a programmed text . As such it makes maximal use of the

computer ’s capacity for storing large amounts of data, hut minimal use of

the computer ’s logical capabilities.

Certain modes of computer—assisted instruction , such as tutorial and

drill—and—prac tice , have been successfully implemented in frame—oriented

i’ nf.’ironme~nts (Rockart & scott  Nort on , 1975). But frame—oriented systems

cannot effectively handle other forms of CAl applications , such as those

suppor ting problem solving activities or explorations of social or physical

system simulations. These forms require a program which can do more than

-

‘ 
literal manipulation of text in sequences predetermined by the program ’s

author ; they require a system which can adapt to specific , unanticipa ted

interactions with the student.

The class of CAl programs termed “generative” encompasses systems which

can interact responsively in less predictable modes of CAT, like problem

solving or computer simulations. Through programmed procedures , generative

systems bring together elements of data bases to construct , for example ,

answers to questIoni~ posed by the student , segments of instructional text ,

questions directed to the student, or answers to computer constructed questions.

A trend in the development of genera ti ve CAl has been to develop systems

which act much like intelligent human tutors. Since a goal of artifical

intelligence research is I
~~t O  construct programs which exhibit what we call

lute lll g t ,’nr beli ;iv (’r ’ ( I t ’ [f ’ ,’ll l f Oiini ~ Ce i.b .m . t o n i ) , Al. is t h e  hreedir~ ,

ground for techniques applied in generative systems which aid in the

-- -. — ‘ -- ——- -— -- -~ 
-__ - - ‘ — - ‘ “

~~ 
‘ - .-t — -
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achievement of this tutor—like environment . Implementation of techniques

from AT has produced a new level of sophistication in CAl applications,

providing environments only partially described by the term “generative.”

A more descriptive designation for these system s, stemming from their emphasis

on tutor modeling , is “responsive ” computer-assisted instruction .

PERSPECTIVE

in 1969, Uttal et al. described generative programs as those which use

“algorithms to generate problem s, answers, diagnostics , and remed ial materials.”

At the time, they felt that not all subject domains were amenable to generative

development , just those conducive to algorithmic manipulation , such as

‘mathematical course materials , other mathematically oriented subjects like

the physical sciences, and some spec ial subjec t ma tters such as chemis try or

logic in i.’hich there is a forma l system describing the relations between

and among parts.” In particular , they excluded “verbally oriented subject

matter as possible items for a generative curriculum.”

A year later , two systems emerged which indicated that verbally oriented

subject matter could be taught in a generative environment (Carbonell , l970a;

Wexier, 1970). Both were tutors of geograp hy. Though applicable to other

subject areas, both were oriented toward the tutoring of factual knowledge.

The systems used structured information networks to store key concepts

in their subject domain. But the locus of the meaning of those concepts

differed between the programs . Meaning in Wexler ’s system resided , for the

most part, in i prestored set of incomp lete sentences. Concepts were

retrieved from the network to appropriately complete the statements , which

were then transmitted to the student.

The emphasis of meaning in Carhoneli’s system resided In the network

itself. Following the  work of Quillian (1968) in natural language comprehension ,

Carbonell constructed a detailed network ,‘~f interrelated concepts stcred in

attribute—value (e.g., Capital—Santiago) format. Facts about a geographical

concep t (e.g., Argentina) could be inferred from the network by procedures 

,~~~~~~~~ ,,~~~~ 1. ~~~~ ~~~~~ -‘—.‘ 
—

~~
—-—-“—— .-‘,~~~~~~~~ -‘——- 

‘—‘.—.‘-‘--‘ ‘-.-- -‘—-‘— —‘ .—‘——‘
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which  interpreted a list of properties associated with the concept, each

proper ty consisting of an attribute and its value or set of values. The

values in turn had their own associated property l ists, allowing for multiple

embedding of information. No pieces of text or questions were part of the

network. Procedures , almost completely independen t of the subj ect ma tter

to which they applied , were capable of searching the network to construct

the output the system presented to the student .

Although i’~exler provided a generative tutor in a subject considerably

less formal than those Uttal and his associates thought possible , his system

was not a theoretical departure from the notion of algorithmic generation

held by these investigators. On the other hand , Carbonell’s signified a new

direction In the evolution of generative programs . By endowing SCHOLAR , as

the system was called , with a representation of its subject matter in the form

of a network and procedures which understood it , Carbonell took the step

toward providing CAT programs with independ ent problem solving and question

answering expertise. Carbonell borrowed techniques from artificial intelligence,

specifically from the area of natural language comprehension, to give SCHOLAR

some ‘understand ing ’ of geography .

Since SCHOLAR ’s development , application s of Al In (‘AL have continueJ ,

with exemplary programs including i l og i c  teaching sy s t e m  (G o l d b e r g ,  197 ’i) ,

it sy s t e m  f or  t e a c h i ng  i n te g r a t i o n  ( K i m b a l l , l - ~ 7 I ) ,  a t u t o r  of a t e x t — e d i t i n g

sys t ioli (Gr i gne t i i  , Gou I d , Hausmann , hi’ I I , II~ rn s , ~ I’as sa l  i uae , 1Q74), a

l ab o r at or y  in  e l i - c t  ron i c t r o i t h  lo s l t o ot  i t i g  ( B r o w n , B u r t on , ~ C c l i , 19 74a) , a

t u t o r  , ‘t  i macli t ile l iiigii ;i gc (K’ ’ l  I -~~~ ~~ B l o t t i i t , 1q 7 4 , 1Q 7 5 ) ,  and a t u t o r  of - —

ItAS I ( n~ ri , Ct’ , i  rd , ~ A t  C I i i .  ‘n , i° . . i )  . l’Is t o 1 I .s~ i t i g  5 1  i t  emm ’n t  h~ Brown ,

Ci I i . .mn~l , ‘ d v h m ’ I (1° — m e l  I , et c th e i . i - i  l v og. p Itt l000pi \’ ~~~ thi s .mppr t ’~m ch :

I t  -;~~- t ’’n ’~ t i n i e s t  .c-. i , ’ i i . m l i . ’ L i  t h e  ‘ R ’ i ( ’ a i ’Al system

wi l t’ i s  t - ni.I ‘ ab ,‘n it s sni’ i , ’ l e t • t ime me i’e e I t i c  t I ye

t e a c h i n g  sV ciii  i t  w i  I 1 ~ . I ye n no t -  imp , ) t t an I is  t lie

, m.t that ~‘vi ; t ems w h i c h  ‘‘ ‘~~~~ ‘
‘
~~~° 

s i i , - i i  imndt ’l ’stand lli( ’ i - a l l

prov ide a .~t im I  it it i ~ ‘~~‘ l v  iii’s’ I ev~- 1 o I m I t ’ i’ s- t ion w i t im
t i ~ ‘; tudent

- —,‘._._ — —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ .—.‘.-.-— -,—- _—._—~t,_,., -~~~— --‘-—— _,.,t,..,
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STATE-OF-THE—ART AND ARPA RESEARCH

ARPA has supported research in the development of responsive CAl

environments. The research has produced both practical and theoretical

accomplishments. On the  p r a c t i c a l  sIde can be listed time development of

tutors which have time pctest ial to effectivel y and efficientl y train

military personnel . On the theoretical side can be listed advances in the

modeling of subject matter , the modeling of the learner ’s state of knowledge,

and the modeling of teaching stra tegies. The following ARPA supported

projec ts will be discussed as t lev relate to these accomplishments:

(1) The work of Brown and associates at Bolt , Beranek , and Newman,

Inc., on instructional environments for problem solving and

gaming .

(2) The work of Collins and associates , also at BBN , on research

with SCHOLAR—like systems.

(3) The work of A tkinson and associates at Stanford University on

an instructional system for teaching the BASIC programming

language .

and (4) The work of Normaa and associates at the University of

California at Irvine on human information processing .

Modelin& the Subject Matter

The capabili ty of an automated tutor to respond to the need s of its

studen t is great ly enhanced if the tutor can interpret and pertinently reply

to unanticipated student input. If the tutor is capable of this, the student

can , for exampl e, ask for c larif ication of some previously discussed point or

fill a cr itical gap in his knowledge by querying the tutor . Furthermore ,

the range of student answers to questions the computer poses need not match

a finite set of prestored statements; the computer can provide pertinent

responses to many unforeseen answers.

Programs which can flexibly and intelli gentl y handle unanticipated Input

generally require a representation ef the content of their subject area to

which they can turn to interpret the meaning of the input and to construct 

~~~~~- -~~~~~~~~~~ ‘— -~~~~~~~~~~ ‘-
—

~~~~ _ _ _ _ _ _ _
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a relevant response (Nilsson , 1974). This requirement has inspired work

on modeling representations of knowledge for use in automated tutors.

Subject matter modeling has typ ically been directed at modeling specific

subjec t areas , F-ut more general representations have been attempted

(e.C. , Kings 1ev ~\ Steli’ ’r , 1074).

SOPHIE , a t u to r  htve 1~~j’t’d by Brown and coworkers , can mea n ing fully

react to unantic irateth id&’:ts concerning what is wrong with a faulted piece

of ci cc tri’’ii c e q u i p m e n t  ( Brown ~ C u rt  on , 1975) . h a s ~ i ’ to SOPHiE ’ s

ability to dc this are several representations of the subject area, each

of which supports different aspects of SOPHIE ’s interactions with students.

included in the representations called upon by SOPHIE are (a) a semantically—

centered parser of student input , (b) a network which encodes time—invariant

factual knowledge about the instrument ’s circuit , (c) a model which can

simulate the behavior of the instrument , and (d) an assortment of heuristic

procedures , each of which specializes in inferring specific types of Information

from the resultc of the circuit simula t ion. Before discussing these represen-

tations in more detail , a descrip tion of the purpose and appearance of

SOPHIL ’s tutorial interaction will be given.

SOPHIE’s goal is to teach the qualitative understand ing of electronic

circuits necessary for troubleshooting . To this end SOPHIE interacts with

the student while the student debugs a malfunctioning piece of electronic

equipment. Its success at supporting this interaction has led to SOPHIE ’s

evaluation as the most impressive artifical intelligence—based system yet

developed (Bunderson ~ I’ iiic t , 1Q 7t ).

The tutorial begins with the presentation of a schematic of the

component ’s circuit and a partial specification of the equipment ’s symptoms

for some particular but unknown fault. The student is then permitted to

examine tlit’ behavior of tile instrument by requesting certain measurements of

Its output under various control settings or requesting tests at interna l

p o i n t s  of t i ic  circuit. The s t u d e n t  can ask SOPHIE specific questions about

the  imp l i c a t I o n s  0 1  0 m e a s u rem en t ,  l ie can ask SOPHIE advise about what to

consider  nex t  g iven  sh , i t  ha~ thus  f a r  been discovered about the c i r c u i t .

SOPHII - can eva l u a t e  a s t u de nt ’s h y p o t h esi s  about  what Is  wrong w i t h  the

_________ —‘ -“———~.‘
_‘--— ~-—‘—-—‘-‘ -—-——“——-- --‘ -~~‘-‘~~ —~ “- ‘—-— “————~~~~~~~~ 

_ 
—‘

_ -— ‘ - -  —‘—-——j --’ -—-- ‘— —— —‘—— -—‘~~ —— - -—.—‘—~—— --.---— ‘ -- ‘-‘
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circuit, taking into consideration all the information the student should

have been able to derive from his previous measurements. SOPHIE can also

judge the merits of any particular measurement request in view of the prior

sequence of measurements the student has made.

A portion ol a SOPHIE—student inter- action taken from Brown , Burton,

Bell and Bobrow (1974) is presented in FIgure 1. Althoug h the dialogue is

difficult to iuli y appreciate without sonic p r i o r  knowledge of electronic

circuits , it should s t i l l  prov ide  sonic idea of how flexible and seemingly

intelligent SOPHIE is.

Figure 1

Segment of a SOPHIE—student Intt ’ r ’~ I ion ‘ m ~ .- n from a longer
protocol presented in Brown , 1-u rt , itt-Il , ~ii~ ,h rnw (1974).
Statements entered by t i - . stud ent a l i  mr I t - i  m ed .

WHAT IS THE BASE EMITTER VOLTAGE OF TI ! VOl iA~- 1 I I ~ I I INC TRANC~ STO R?

THE BASE EMITTER VOLTAGE OF Q5 IS ~~~~~~~~~~~ ~t 1~ I l~~iC IS.

WHAT ABOUT FOR THE CURRENT LIMITING TRANSIStOR.

THE BASE EMITTER VOLTAGE OF Q6 IS .~~m9 VOLTS .
WHAT SHOULD IT BE?

IN A WORKING CIRCUIT THE BASE EMITTER VOLTAGE OF Q6 IS .593 VOLTS .

REPLACE Q6.

I AM GOING TO ASK YOU SO1’ff~ QUESTIONS ABOUT HOW Q6 IS FAULTED .
ARE ANY JUNCTIONS SHORTED?

I DON’T KNOW.

ARE ANY TERMINAL S OPEN?

YEt ~.

WH I (‘hi TERM INALS AR E OPEN?

THE BASE.

Q~
, I S NOT FAU LTED IN THAI’ M AN N F R .  Q( NOT R 1’PI .ACED .

iS ii POSSIBLE THAT i i ~~ HAS AN OPEN BA SF~
[S THE (‘O~(PLl - ’ [ EAt 1 1 ’  M O I l V  FC/FC/ BC = 01’ OK OF WHAT YOU INTE ND ED?

St ’ K i  -



WHEN THE SETTIN G S WERE : CC~~1.O ,  CR= H IC H , LOAD 2O,  Vc 1.O, VR HIGH
THAT FAULT CONFLICTS WITH THE FOLLOWING MEASUREMENT. YOU OBSERVED
Ti-hA T THE OUTPUT VOLTAGE WAS l i .7  VOLTS . IF Q6 HAD FAULT MODE
EB/EC/BC = OP/OK/OP IT WOULI ) BE 23 .9  VOLTS. IN A WORKING CIRCUIT
IT IS 19.9 VOLTS . ALSO , THAT FAUl T ‘tLNi’l 101’S WITH THE FOLLOWING
MEASUREMENT. TOG OBSERVED THAT Till: BASh-: i :MIT’l ’ER VOLTAGE OF Q6 WAS .349
VOLTS . IF Q6 i-tAD FAULT MODE EB/EC/BC OP/OK/OP IT WOULD BE .712 VOLTS .
IN A WORKING CIRCUIT IT iS .593 VOLTS THAT FAULT DOES NOT EXPLAIN ANY OF
THE SYMPTOMS YOU OPSLRVFO BUT IT iS CONS ISTF’Nl ’ WITH THE VALUES FOR THE BASE
EMITTER VOLTAGE OF Q5 AND Thl~ V0t ’l’ACi Al’ Ni.

In SOPHIE , student input is converte d to exe:utablc LISP code by a

s en r a n ti c a l lv  based parser  (Br o~-n , C ’ r t o n , Bell  Bobrow , l97-i ; Bur ton ,

1974); evaluation of t h e  code provides  t h e  da ta  wh ich  comprises SOPHIE ’s

response to the input. A semantically based par ser is to be distinguished

from a syntactIcail~’ based par ser (like , for example , an augmented transition

network parser (Woods , 1970)). ln syntactic parsers , subs trings of input are

associated w i t h  syn tac t i c  c a t e g o r i e s  such as “noun”, “verb”, “noun phrase”

or “adjec tive” . In semantic parsers substrings are related to conceptual

categories such as (in the case of SOPHIE) “a reques t  f o r  informat ion” ,

“a command to change a control setting ”, “a measurement” or “a location”.

u n general a semantic parser could li-ad to a phenomenal prolifera tion

of categories to be captured by the grammar . But in the area of electronic

troubleshooting the number of concepts is limited enough and the constraints that

interrelate them are well defined enough to make the use of such a parser

feasible. The constraints buil t -into the grammar between the various

conceptual entities which SOPHIE must comprehend represents one dimension of

SOPHIE ’s multidimensional “knowled ge” of its subject matter.

SOPHIE derives It s  f a c t ua l  knowl edge about the circuit from a network

representation of this information. Tl’i~ network stores only time—invariant

information such as the specifications of circuit components or definitions

of circuit term inology. The structure of the network is in the tradition of

Quillian (1969). SOPHIE calls upon the network when it answers factual

questions about the circuit posed by the student . The network is also called

upon by SOPI{Ii ’s heuristic procedures and natural language processor when

t a c t u a l  infortn :it Ion is required for their operation.

_ _  - _  _~~~~~~~ a - -~~~’_~~ k - -  - - - - -
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But SOPHIE must also deal with time-variant information about the

circuit since the circuit ’s state is constantly undergoing modifications

during the course of troubleshooting. It would be impossible to provide

SOPHIE with an explicit representation of all potential circuit states since

there are an indefinite number of them . Instead SOPHIE has access to an

implicit representation of all potential states: a model which simulates

the real c i r cu i t ’s behav io r .  When SOPHIE requires  informat ion about the

c i rcu i t  in some specified cond ition, SOPHIE activates the simulation to
prod ice a c i rcu i t  representa t ion  in the required s ta te .  SOPHIE then has at

its disposal a descript ion of the modi f ied  c i rcui t  from which it may

gather the informat ion  it needs. Grignetti et al., (1974) draw the following

analogy when observing how natural it is to use a simulation model in a

CAl app lication: “A person ’s data base Is not only memory , and his ‘retrieval

routines ’ are not solely introspec tive: he uses the world as a data base
and his senses to retrieve information from it. I don ’t need to have in

my head a representation of what is behind my chair ; if I need to know, I

can jus t turn around , look , and see!”

According to Brown , Burton, and Bell (1974), “the main seat of intelligence

in SOPHIE resides in its ability to draw conclusions and make inferences

from setting up, running , and examining the simulation model of its problem

domain.” The availability of the circuit simulation and heuristic procedures

which can interpret it is responsible for the success with which SOPHIE

handles the following communications: answers to questions about the state

of the circuit af ter some modifica tion of the circuit , evr.luations of student

hypotheses concerning the equi pment ’s f a u l t , and suggestions of hypotheses

that the student might consider.

More generally, for sub j ect domains amenable to such modeling , the use

of a simul-~m t i o n  can equi p a t u to r  w i t h  the  means to make powerful inferences.

For domains of knowl ed ge w it h i n  which  s imulat ion  models  can be cons t ruc ted ,

“we can create an artificall y intelligent ‘exper t ’ system which can patiently

provide the student with a logicall y deep sounding board for his own ideas

(Brown , Burton , ~~ hk’I 1 , I Q 7 ’s ) . ’’ Subj ect ,,reas vithin which simulation

models can be constructed include (Brown , Burton , & Be ll , 1974):
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(1) programming,wherein one can simulate the execution of a

program to understand how it works ,

(2) areas of med ical science within which physiological or

pharmacolog ical processes can be modeled,
and (3) areas of engineering within which physical systems can be modeled .

Work by Collins and associates suggests that powerful inferential

mechanisms may also be available in subject areas whose content is not

adaptable to partial or total representation by simulation models. These

investigators have developed procedures which search a semantic network

a la Carbonell in order to derive implicit facts consistent with or suggested

by the explicit information which the network houses. Collins and associates

are working with SCHOLAR—like tutors and have , In fact , continued work on

Carbonell ’s geography tutor , now called CEO—SCHOLAR . They have also developed

SCHOLAR—like tutors of the ARPA network (Crignetti & Warnock , 1973) and a

text—editing system called NLS (Crignetti et al., 1974). Before discussing

the Inferential procedures that Collins and coworkers have modeled , a descrip-

tion of the purpose and appearance of SCHOLAR ’s tutorial Interaction will

be g iven. GEO—SCHOLAR Is chosen to exemplify the family of SCHOLAR—like

tutors and will be the focus of our discussion .

GEO—SCHOLAR can handle unanticipated student dialogue in a subset of

English which is constrained , for the most part , by SCHOLAR ’s limi ted syntactic
capabilities. The content of the dialogue is dependent on student responses ,

ques tions , and requests. SCHOLAR uses its semantic network to generate the

tex t it presen ts , the questions it asks , and the responses f t cons tructs

to both its own questions and those posed by the student. SCHOLAR can call

upon programmed procedures to make several types of calculations and

inf erences.

Figure 2 presents a sample protocol of an interaction with GEO~SCHOLAR .

It is taken from Collins and Warnock (1974). 
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- . Figur e 2

A GEO—SCHOLAR—student interaction. The protocol was originally presented
in Collins and Warnock (1974) . Statements entered by the student are
underlined .

WHAT IS THE LANGUAGE OF ARGENTINA?

PROBABLY SPANISH.

VERY GOOD.
APPROXIMATELY WHAT IS THE AREA OF ARG ENTINA?

TELL ME SOMETHING ABOUT PERU.

PERU IS A COUNTRY. IT IS LOCATED IN SOUTH AMERICA. THE CAPITAL OF PERU IS LIMA .

THE AREA OF ARGENTINA IS 1,100,000 SQUARE MILES.

APPROXIMATELY TRUE, BUT A MORE EXACT VALUE IS 1,200 ,000.
THE EASTERN BORDERING COUNTRY OF PERU IS 

CATHOLICISM.

WRONG . CATHOLICISM IS NOT A COUNT RY BUT A RELIGION. THE CORRECT ANSWER IS:
BRAZIL. WHERE IS PERU?

WHAT IS THE MOST IMPORTANT DIFFERENCE BETWEEN PERU ANt PARAGUAY?

THE PRIMARY 1)IFFERENC F IS: THE POPULATION OF PERU IS LARGER BY A FACTOR OF 7 .8 .

Collins and associates have attempted to extend SCHOLAR ’s information

base beyond that which is literally stored in the semantic network in order

to broaden both the range of knowledge about geography which SCHOLAR can

talk about and respond to , and the types of knowledge SCHOLAR can effectively

teach. They began this effort by classif ying the inferential strateg ies

used by people (Carbonell & Collin s , 1.~ 7t). Several of t h e strategies

identif fed have been Implemented as procedures used by SCHOLAR (Collins &

Warnock , 1974; Collins , Warnock , AieI lo & Ui lie,’, l~ 7i ).

To illustrate the kind s of Inferences SCHOLAR can make , several examples

will be descr ibed . Tile examples are presented in a positive , fail safe

manner but the reader sh~ uId keep in mind tha t the success of an inference

depends on the presence and appropriateness of facts in the network upon

which the interence rests . 
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(1) When a property is not on the property list of a concept ,

SCHOLAR can s t i l l  de termine whe ther the concep t has the

p r o p e r t y .  For example , to answer the ques t ion “Does the

Lianos have a r a iny  season?”  SCHOLAR f i r s t  searches

through the information d i r e c t l y  l inked w i t h  the Lianos.

With the present data base , it find s nothing about a

rainy season . Tt does find , t h o u g h , that the Lianos is

a savanah . Searching t h r o u gh the property list of

savanah’ , SCHOLAI~ f inds that a savanah has  a rainy

season . SCHOLAR then Infers that the Llanos must also .

(2) SCHOLAR can determine whether a question is true or

false. For example , to answer the question “Is Boliv ia

a cap ital?” SCHOLAR observes that Bolivia is a country

and that a cap ital is a city . It also has stored the

fac t that a city and a country are differen t kinds of

places .  Hence SCHOLAR answers “no” .

(3)  SCHOLAR can de te rmine  the a g r i c u l t u r a l  p roduc t s  or c l imate

of a geographical region . For examp le , to answer the

question is the climate of Buenos Aires subtropical?” SCHOLAR

first checks the property list of Buenos Aires but finds

no mention of it being subtropical . SCHOLAR then attempts

to locate a city which is subtropical . It finds Caracas .

SCHOLAR then checks whether  the latitude and longitude of

Caracas  are s i m i l a r  to t i lo se  of Buenos A i r e s .  They are

n o t .  SCHOLAR i n f e r s  t h at  I t  is uni  i k e l v  t h a t  Buenos A i re s

is s u b t r o p i c a l .

The st rat ccv SCHOLAR employs to answer questions

.lbou t produ c t and c 1 i mate depend s on SCHOLAR ‘ s endowment

of knowl ed cc •ihou t the sho t em I nan t s of products (cU te ,

rainfall , md soil fert i l l  i v )  and c l i m a t e  (longitude and

l it - I tuiic ) . It also depend s on the g e n e ra l  , and somet imes

m i s l e a d i n g , r u l e  that if cer dn criteria of similarit y

ar e  net between two situations then a r e su l t  t h a t  per t a~ ns

o the I r st  p er t a  ins  t o  t i l e second .

~
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Using inferences like those illu strated above , SCHOLAR can now talk

about information that is not explicitl y stored in the network . This

power has greatly enhanced the system ’s ability to interact with students

both by enlargening the range of student Inputs it can intelligently

address  and h o  Inc reasing  t i le  dep t h  of i t s  responses.

The n e t w o r k o  u sed hv SCHOLAR and SOPH IF  a re  i nst a n c e s  of a class of

s t ruc  t r e kna~rn as  0 oman t ic networks . As t h i ~~ name i mp i  I es , a seman t i c

network a t t em p t s  to r e p r e sen t  the  meaning of f a c t s .  Ty p i c a l l y  links

associate the • i c t s  i n t o  a total l v  connec ted  s t r u c t u r e .  In the case of

SCHOLAR , f or  example , a t t r i b u t e s  can he t h o u g h t  of as the  I inks  of the

network . O t h e r  examples of ’ semant ic  networks  can he found in the  works

of Anderson and Bower (lQ~ ’l~~, No rman and Rumelh ar t  (1975) , and Simmons

(1973) , wh ile a dIscussIon of fundamental issues is presented by Woods

(1975) .

The work of Norman and R u m e i h a r t  ( i 9 7 S )  (and a lso the work of Anderson

and Bower , 197 ~) on semantic  networks ii~ the produc t  of an at temp t to model

human memory . Because of  this , a d 1sc t i ~ sion of the  N or m an—Rumel h ar t  model

will be given in the next section on modeling the learner . However we

would like to briefly discuss at this point an extension of their modeling

effort into the realm of representing complex subjec t matter.

Semantic networks as t ypicall y d e s i g n e d  readily represent factua l know—

ledge , b u t  0011 1 r an t  a ma t’e ~1 if f I ~-u I t gr ab  loin in att emp t i ng to m ode 1 the

Im i g h e  r 1,-ye I cdlnL -c’ptua I i - a t  ions  wi~ [oh ~~~~ i st. i n  mos t s u b je c t  a r eas . For ex u l i l  i t ’

“ I I is  e;isv t o  rep r~’ ~ont t h a t  (ent r;l I C r a m i t  sn iokesi  ci gars ~~~i’ that t h e  Anioooi i

P i v e r  had numerous tributari es , hut not  easy to represent that the North ’s

plan of action In the Civil War was to cut off the South from external

supplies , and that this p l a n  m o t i v a t e d  Lincoln to keep a ma lo r  segmen t of

troops at Cairo , Illinoi s and St. L o u i s , and tha t f t  eventually led Gran t

to c u t  o f f  the  Tennessee  and (‘t imber  l a n d  r I ‘- ~‘i -  ~ (Norman , j () 7(~

D r a w i n g  f r o m  work  by R u m e l h m a r t  ( 1  °“ ~ , l~~’h~ on r e p r e s e n t i n g  s i m p l e

st o r i e s  , N o r r ~ iti md Rune ihar t ( ~o l-~~~~ii  . ~~ 
(~l are developing a scheme to

represen t com p lex ep i s o d er . l i k o thc C ivil War episode g i v en  above . A

tutor of histor y is i ’r e s e n t lv  u n d e r  d e v e l o p m e n t  by these investigators

tha w i l l  p r ov i d e  a v e h i c l e  w i t h i n  sh  f e b  t h e i r  r ep r e s t ’  t :~ t ion Ideas  can

he imp lemented and evalua ted . Al t h o u gh  tim e r e s t i l  t i n g  model  w i l l  a p p ly

-~~~~~~~~~~~~~~~ - - -~~~~- - -—
~~~~~~~~~~~~~~~~~~~~
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d i r e c t ly  to h i s t o r i c a l  na r r a t i ve s , I t s  development  may a l s o  provide  some

understanding of how to structure the complex interrelations which comprise

other subject areas.

Mode1i~ the Learner ’s S ta te o f Knowled ge

d O  W~~S stigOt s tCdI  Iti time prey taos sec t ion , i I a CAT pro gram has access

to i n f o r m i t  Ion th at endows It wi til same subject matter expert ise , decisions

abou t wh a t  material to present can he made dy n a m i c a l l y  as the s tuden t

p r ogr e s se s  t h r o u g h  the course .  T u t o r — t u t e e  d i a logue  thus has the  potential

to he keyed to the needs of the student. But a model of its subject domain

prov ides only part of the data the tutor may require to respond adaptively

to the student; the tutor may also require information about the student.

As Norman (1973) has noted , w ithout a model of the knowledge of it s

student , a computer based system that supports interactive dialogue has

only reached the stage of egocentric intellectual development.

Three k i nds of model s of the learner which may be implemen ted wi thin
a tutor s~i ]l he illustrated . They differ primaril y in how they func tion

within the tutor. We d i s c u s s  first models employed by the tutor to

diagnose student errors. Such models typ ically depend on taxonomies of errors

the student may make. We discuss next  models  employed to record what the

stud ent has learned about the subject area. Such models typically depend on

exp licit representations of those parts of the subject matter the student has

mastered . And finally, we discuss models employed to determine the manner in

whi ch information should be presented . Such models are typically operational

statements of how students acquire knowledge.

Models Used Fir I) iagnost Irs

Ass t r rn  lug m s ttidcmm t ‘s ;itiswer to i goes t Ian ret(1mi I res in termed late

steps (or i t  d cr 1 va t  ion , when t lie I l l s ~~ t ’ r I s  w rong t l i t ’ tutor can choose

to I t  tend to t he answer , i t o  d e r i v a t i o n , or b o t h .  For example , if the

t u t o r  a ckn s u’ I - i ges t h a t  t h e  answ er  is  i n cor r e c t  and p r o v i d e s  the  r i g h t

dimss - t - r , the t u t o r  has - i t  t ended  t o  t h e  product——the answer . On the o the r

_ _ _ _ __ _  ~~-~~~~~~~~~~~~ ‘- - - -
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hand , attention to the derivation is achieved If the tutor Indicates faults

in the student ’s reasoning or begins to question the student about the

manner in which he a r r ived  at his answer.

The t u t o r  c m  a t t e n d  to the  d er iv a t i c ’n a l  p r o c e s s  w i t h o u t  concern f o r

the p a r t i c u l a r  rr ocess  emp lo~’ed hv the  s t u d e n t .  For example , W ex ie r ’s

(1970) geography t~~- t o r  r espon (Ie d to  a s t u t l t - n t  ‘s incorrect responses by out—

~utting t he d o i  - ‘ m t  I ari a pa tl~ the compu t or would ii ave (ansi dered had

It been asked th question . But t imi s 10m m of remed int ion is not tailored

to t~ir we ikut soe s at  t i i , - s t u d e n t .

If romedIatlon Is to he keyed to the student ’s derivational process,

the tutor must turn to procedures wh ich recognize faults in the student ’s

reasoning. The process of recognizing fa ults is complicated by the fac t

that it is often unna tura l for a studen t to detail every step he has

taken to arrive at his answer . Hence the procedures may have to infer
mistakes in reasoning f rom a , perhaps , sketchy account of the steps the

student his taken . Whatever Inference strategies are employed though , the

process of diagnosing student faults is likel y to depend on the presence

within the system of a taxonomy of potential errors the student may make

(Carboneil , it)70h ; S i k l c m s s v , 1970) .

Brown and coworkers employ taxon~mies in both a tutor which provides

guidance while a student plays a game (Burton & Brawn , 1976) and a tutor

which provides guidance while a student solves algebraic equations

(Brown , 1975i , h). The game tutor points out weaknesses in the strategy

i s t u d e n t  employs to p l ay  til t ’  PLATO game “h o w  the West Was Won ’ , a

gan e s u p p o r t i n g  d r i l l  and p r a c t i c e  in e l e m e n t a ry  a r i t h m e t i c .  The a lgebra

t mm r r hel ps a s tuden t acquire a l g e b r a i c  s k i l l s  hv presenting him with

p r o b l e m s  and pr ov i d I n~ i l i m  w i t h  t t ’e( lhack r e l a t i n g  to  his solu ti ons of the

p r o b l e m s .

*1 lii s gin o v.m w i i t t  m n  b’v Doimn i e du d -ro -mm I or t h e P1 \Tt) b - I omen I arv
M i t h i p r a t i t  I 

~~~~ ~
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The algebra tu tor bases i ts dia gno st ics of problems incorrec tly solved

on a taxonomy of errors which reflect universal kinds of misunderstandings

related to algebraic manipulations . A subset of the taxonomy the tutor uses

is given in Brown (l975a). The taxonomy used by the game tutor is not really

a taxonomy of errors , bu t a taxonomy of strategies or basic operations the

studen t may emp loy to play the game . The diagnostic module calls on this

taxonomy of s t r a t eg i e s  to note wi-at operations the student employs in his

moves and what operations the s t u d e n t  could employ to improve his game .

In both tutors , remedlation is based on weaknesses which the diagnostic pro-

cedures uncover.

Both tutors rely on records of past performance to more accurately de-

termine the weaknesses In a studen t ’s perfo rmance. Student histories are

used to cope with the difficult y suggested earlier , namely the d i f f i c u l ty

in inferring faults based on only a few isolated student inputs. In the
game tutor , a studen t ’s single move typically does not provide enough
informa tion to conclude tha t he is unaware of some basic strategy tha t

would improve his game. The game tutor calls upon a summary of the student ’s

previous moves to aid in the inference of deficiencies . Similarly,  in its
attempt to ascertain the improper operations the student has used to solve

a problem , the  algebra t u t o r  turns  to a summary of p rob lem solving techniq ues

presen tly in the student ’s reper toire . Included in the summary are both the

legi tima te , heur istically sound transforma t ions known to the studen t ~~~~~~~. the

illegal or counter  p roduc t ive  t r a n s f o r m a t i o n s  he has employed and may

employ again.

Models U se d To Record S t u d e n t  Knowledge

The summar ies  u sed by Brown ’s tutors to aid in  d iagnos ing  s tuden t

weakness e~ are instances of mode l s  wh feb record the s ta te  of a student ‘s

know led ge.  I n  the  c i s c  of the game tutor t h e  st u d e n t ’s s t a t e  of knowledge

is 1 1  m e d  by hi Is r ep er t o  I r e  of st r ati ’g i os ; In the  case of t he  remedial

a lgeb ra  t u t o r , the  s t u den t ’ s s t  m t e  of knowledge is defined by h i s  r epe r to i r e

of a g c b r m  i mamrl p iil.it ions . ~ ot i , 1 s ‘ - h i  I m ’h r e f l e c t  a s t u d e n t  ‘ s present  unde r—

-
~ t mu~ i n ~ ‘1 t h e ’  sub ~‘c t a r e -I c in p r oy I d e  d a t  i In  f I uenc I ng a number of

t u t o r  act  l v i i  f e - s . suc h - m c  d~ - I s l . n s  ~‘ i ’ n - e r n 1n g  wha t  to  t e a c h  nex t  or the dep th

at  reined m t  I on .  Such r in d , -  i s  can h ’c u sed to s t r u m - t or e  t i le  t u to r ’ s exp lan a—

t io~io in terms f an !  1 I - m r  to t i m e  student. They can a l so  p rov ide  d a t a  p e r t i n e n t

A - _ _ _

~~~

-- -

~~~~~
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to determining why a student has asked a specific question , or , as we have
seen in the sec t ion on diagnos tics , determining why a student has incorrectly

answ -~ ed a question .

As in research on modeling the subject matter , a var ie ty of struc tures

which model the s tudent ’s present state of knowledge have been proposed .

Indeed , the two modeling efforts are intimately connected . Methods used

to model the suhiect matter may be npp licahle to modeling the student ’s

state of knowledge. For example , Self (1976) has proposed that some forms

of knowledge  can he r ead ily represented as programs . While the representation

of the subject domain can consist of  programs which , when computed , result

in the “ideal ” answers , those which model the student produce answers which

match those the student would supply .

The model of the subjec t area Itself may provide a natural depository

for da ta regarding what the student has learned . Both Wexler (1970) and

Carbonell (l°70a , b) suggested flagging their networks in order to keep track

of areas the strident had mastered . Atkinson and associates have also taken

this approach in their tutor of BASIC known as BIP (Barr, Beard , & Atkinson,

1575a , l975b~ Beard , Ba r r , Fletcher , ~ Atk inson , i975).

HIP (BASIC Instructional Program) is an interactive problem—solving

laboratory that offers tutorial assistance to students solving introductory

programming problems . The system is a stand—alone , fully self—con tained

course In HA~ TC programming. The emphasis of the course Is on solving

programming problems . To this end students are presented a series of

prog ramming problems which they solve on—line. As the student develops a

program he Is directed to appropriate sections of a hard—copy manual which

expla ins such things as BASIC statements and programming structures. The

s tuden t  Is m1 ~~” encouraged to use numerous  o n — l i n e  s t u d e n t — o r i e n t e d  f ea tu r e s

such as Interactive debugging facilities and help opt ions .

To aid in decisions concerning the sequencing of programming problems ,
MP call s upon a Curriculum Informa tion ~

‘otwork (CIN). A CIN is a

st r u c t u r e d  r ep r e s e n t a t i o n  of the  c u r r i c u l u m  w h i c h  c o n s i s t s , in p a rt ,  of  the

prob h ems or tasks the to tot - may pre sent to the student , linked to the basic

s k i l l s  r e q u i r e d  fo r  s u c c e s u t m i l  c o m p l e t I o n  of the  p r o b l e m s . BIP uses this

network to f l a g  the s k i l l s  I t ~ st u d en t  has mastered . Presentl y each sk ill

_ _ _  ~ - - -~~~~
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is tagged with an array of counters which note the student ’s state of

acqu i s i t ion  of the sk i l l .  The counte r  values are determined by the

student ’s abil ity to comp lete programming problems which require the

sk ill and the student ’s own assessment of his mastery.

Models of the  f r o c e s s  of A c q u i s i t i o n

Modei s of how students acquire knnwlot]~ e are basic to the  u n d e r s t a n d i n g  of

lOW i~iformatton should be presented . I f  o p e r a t i o n a l  models were ava i l ab le ,

the tutor w ’ u l d  have a powerful means f o r  d e t e r m i n i n g  the st r u ct u r e  of i t s

tutorial Interaction . In the area of p a i r e d — a s s o c i a t e  l e a r n i n g , a v a r i e ty

of m a t h e m a t i c a l  models exist which  desc r ibe  p r o b a h l i s t i ca l ly  how information

is acquired ( F l e t c her , 1975) ,  and , thus , suggest  how con ten t  should be

presented .  But for  more complex learning adequate operational statements

are lacking . The malo r i tv  of pub lish ’ted work re la ted to the l e a rn ing  process ,

while in t e l l e c t u a l ly  r ewarding , is of l i t t l e  assistance in defining precise

models.  But , progress  on t h is f r o n t  is being made by Norman and associates

at the  Center  fo r  Human In f o rm a t i o n  Processing at  the University of California .

Norman and as sociate s  are engaged in modeling human memory . Their work

has recently been described in the  c o l l e c t i o n  of papers : Explorations into

Cognition (Norman & Rurneiiiart , 1975). At t h e  foundation of the memory mode l

employed by Norman ci- al. is a set of general functions which specify the

r e l a t i o n s  w h i c h  exist among subset s  of c o n c e pt s .  The scheme for functional

r e p r e s e n t a t i o n  at  re la ted  con c e p t s  borrows h e a v i ly  f rom Fi l lmore ’s (1968)

not ion  of “case grammar ” in that it assigns particular roles to the concepts

of a proposition.

The Investigators are attempting to determine a primitive set of

g m - n t ’r a l  f u n c t Ions so t h a t  all propositions can be expressed in terms of

so n, ’ subse t ot these’ more b a si c  rel It  Ions . So f a r  t h e i r  work hias concen t ra t ed

I n  dc -sc r i b  Inc~ f u n c t Ions  th at correspond t-o time meanings of verbs and the

p r i m  I t  Iv~ s whm I cli unml er I le v e rh a  I s t  r ue  l i t r e s .

To h i  l u s t  ri t o  t hr  t y p e  of tn~ t ht - I ‘ I l L  i i  ~Ilmh cm~Wa ike rs are exploring

we will e mma t iler tim e verb ‘‘give ’’. Ti m e m e an i n g  of ‘‘g ive ’’ that corm - esponds

to one person p l i c l n ~ an object in tile’ possession of another person is

represented by the to hlo wing function:

give (agent , ob ject , recip ien t , t ime l 
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‘Ihe arguments of the function suggest the set of restrictions that app ly

to thee vaiues that can be used to f i l l  the arguments . Thus the firs t

a rgu m e n t — — a g e n t — — d e n o t e s  an animate  being capable of ins l igat ing t h e  act ion .

This mean ing of “give” can be f u r t h e r  analyz ed by consider ing the primi tive

notions which underli e the action , suchi as tim e notion of one event

causing ,IIlutlle r and the notion of an o b j e c t  being t r a n s f e r r e d  f rom some

SOU~~’ ’e i-a 5001’ ‘!aal.

Fle e rm, mno rv sV Stcul N o r i ’ I l l  and coworke r s  have p ropo sed  adapts  readily to

v a r i e t y  t i  ~-ogLu  t ive t a sks , I nciud i rig information acqu is i  i- ion  ( R t i m n e l h a r t  &

N o r l: la:m , 1’) 75 ) , ~amig u age  1 relic 10 i oti (Rumn e  h i m a  r t  & L cv in , 1975) and

problem solving (l~t~~ nst ieht ~~ K a r e e v , l 9 7 ’ ~) . I t  is not  y e t  known w h e t h e r

the  s t r u c t u r e s  and processm- s mode l od pa rah l e l  human  s t r uct u r e s  and processes ,

h u t  tile success of i - l i - ~ c cdt - I s h o u l d  eucolmrIgo research  i i i  t h i s  area.  Norman

and a s s oc i at e s  h ive :11 r ea dy pti rsmmed SoOt r oo t - a r t - l i  along i- l i is l i n e  ( e . g . ,

; e n t m m -r , 19 7 5 ) .

M o d e l  1n~ F e a r h I n ~ S t ra t e g i e s

CAl t u t o r s  in w h i c h  t h e  cod i n g  of pr ~’c -du re s  which control  the

flow of the instructional Ini - r -i ~ t ion Is d Istinct from other modules of

the tutor , such as the student i su bj e c t  rr tt e r models , provide convenient

tools for exp loring various t e m , h f n -  s c c- ’ mm r tao . Typically the outward behavior

of these tutors can b -  complet t l v  r od - - t o ned in just a matter of days . Hence

the instructional res, a r c h e r  h -  a t  h i s  d i s p o s a l  a w e l l — c o n t r o l l e d  laboratory

w i t h i n  whIch to ii’s e I I n s t  m - ct I OTiS 1 —
~ r c t  -e Ic -s , imp I ement the models , and

compare t h e i r  res im I t s in  te rm s a e 1 1 1 1 1 m m  ~‘, ~-hi evemont

Sep ara t o  c o n t r o l  p roe ccli i  ros c - x i s  t In v e r v  ing degrees  in tile systems

being e x p l o re d  i t  BBN by Brown and C o l l I n o  ~e ml d in A t k i n s o n ’s t u t o r  of BASIC ,

BIP.  I n v est i g at I o n s  concerned  with i ’~r 1 m t I n g  o p t i m a l  i n s t r u c tI o n a l  s t r a t e g i e s

are be ing  p u r s u e d  a t  bo th  s i t es .

C o l l i n s  and a ss o c i at e s  h a v e  en o~c~~ed in  m ode l  in~ t e a ch i n g  s t r a t e g i e s  fo r

t h e i r t m m t o m  at ct ’c g r c ~-h v , ~~t ’ 1 ) — S ( ~~ (g ‘-\k ~ i & ’ h h i m i s , l~~~ ’~ o h  h i n s , Warn - -k ,‘~

l’,,s- - i I  i i r e , I ‘1 ‘ ~) . h~ i- -o I i t  tea chin g ot r e t cc i - s  ‘v ’ lp  l o v e d  by r io  cml t i l t  oro

~~ l I i mis in c h to ’~jrke lul l  I V cc rl i imt n mami t li t  01 —t i t  c c ’ I t ,~~~~ t i i II ~~ i~ c S 0  1 ‘110.

Ofl I i c -IL’ cmi i i v ’  c - ~ Cal I i l l S  i r i d  , i I ’ I r ’ c L I I  c ’ ’ I i ’ , ’ i d 1 ’ rc ’’ - c ’~ h ~~t ’ V t ’ 1  i i  liv p c ct ht- - ics

a b a ’  i t  hi~ w t lie t e c : o  r i ,  Ia I t s  Ii is t ,, - i f l i t  I 0 I l it iii liv t e l l ’ - ml - i t  11(1( 11 t . I li e - 
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investigators have implemented some of these hypo theses as stra tegies which
CEO-SCHOLAR can incorporate into its tutorial interactions . Experiments have

been conducted to define those characteristics of implemented strategies which
facilitate learning relative to a frame—oriented tutorial (Collins, 1974) ,

Research suggested by Brown and coworke rs (e.g., Brown , 1975b ; Brown

~c B u r t o n , 11175) us lug t u t o r s  of pr ob  I c r 1 0 1  ly i n g  l ike SOPHIE  and the  remedia l

a lgebra  t u t -o r  p r o u i  sos t o  p r o v i d e  d a t a  c on c e r n i n g  opt  imna l  s t r a t e g ies f o r

c a c k l i n g  p rob I ow— so 1~ ug I ~-~ h nj 1 i r e s  . ,L ’ c S r i St ’  i f  t h e  c o m p u t e r ’ s abi  l i t

to -‘ ‘ a r ch  i ‘- iu lu t  ion -ij c a c c  m u c h  m a r t - el f iclOli t Iv and e f f e c t i v e l y than  can

S i uir : iml Lii — SI ’ , 00110 st m c i , os his wir j cli can be s t izd led easiiy in these p 1cm—

~o l ’ ’ i  i s  l ab o r ~u t  - r i m - s  would  h1 - d i f f i c u l t , i f  riot i m o o ss i h ie  , to model and

- v a l u a t e  i n  a n om l c on l p u t e r i z e d  s e t t i n g .

A t k i n s o n  and his coworkers at the Institute for Mathematical Studies

in the Social Sciences are exploring time use of curriculum networks to

prov ide data for strategies which sequence instruction . By investiga ting

problem sequencing as a function of student progress in skill acquisition,

an a ttemp t is being made to model optimal  ins truc tional sequencing stra tegies

over the network (Barr , Beard , & Atkinson , 1975b).

J ONC LUS IONS

The m i l i t a r y  mus t  t r a in  a large , heterogeneous stud en t population .

Because the popu la t i on  is so var ied , adaptive instructional environments

are required  fo r  many t r a i nin g  o b j e c t i v e s .  Because of the large number of

s t u d e n t s  Involved , such env i ronmen t s  canno t  be provided using labor intensive

traditional approaches. Tlv providing knowledge concerning the development

of responsive au tomate d  tu to r s , ARP A suppor t ed  p r o j e c t s  have addressed these

i ssues .

One large training area where cost—eff ective app lications of responsive

t u t o r s  seems most p romis in g  is t u t o r i a l simulations of laboratory situations .

The t r a d I t i o - i ~-il l a b o ra t o r y  h-i s severe limitations. Instructors may not have

t he  t Ire to a d e q u a t e l y  pursu e ’  a s t u den t  ‘ s hypotheses or questions , or

imii I s  c -e ’ d im ros: In l a b o r a t o r i e s  r e q u i r i n g  measu remen t s , a s tuden t ’ s

r line’ ‘may - 
, f it s  f ec  t m i . ~ l lv lo s t  In rrci ’,~r at  ions  w h i c h  add l i t t l e  to the

r a i m m I m ’.~ c - \ r , r lo nce  . II e’Xl’e’tmSl Vc’ c q t m t p r ~emi t i s b e i n g  used or expended , as

In combat t r. Iut1mi ~ , t he - c o S t s  of t r ; m  in Inc may sevcm’ e l v  co r l st r a in  i t s  e f f e c —

t tve ’ness . Responsive CA I prouut I ses t a e I u s  I m i s t  o t li& ’~ c c t il re,c t m - i to I c’ar~ I mig

o i l  c e t  lv e n m ’ss wii i he nossib lv ( l ecre ’as ing  t raining costs by provid ing an environment

_ _  _ _ _ _  _
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in wh ich  the  s t u d e n t  may mani p u l a t e , w i t h  “exper t ” supervision , a

computer  model  of the  sys tem under i n v e s t i g a t i o n .

As test  beds for  instructional research , the sys tems developed by ARPA

suppor ted programs w ill aid in isolating software capabilities which

facilitato training ob j ectives. Work must then turn toward generalizing

these capabilities t ic i n s u r e  the i r  t r a n s p o r t a b i l i t y  to o t h e r  CAl e n v i r o n m e n t s .

A l s o , as v e h i c l e s  t a r  i n s t r u c t i o n a l  research , the  sys tems w i l l  aid in

i d e n t i f y ing  and r i g o r o u s ly  d e f i n i n g  o p t i m a l  i n s t r u c t i o n a l  s t r a t eg i e s , thus

prov id ing  gu ide l i ne s  f o r  au tho r s  of CAT m a t e r i a l s .

TREND S

Advances in n a t u r a l  l anguage  comprehension w i l l  f a c i l i t a t e  both the

s t u d e n t — s y s t e m  and a u t h o r — sy s t e m  i n t e r f a c e s , and , in turn increase the

range of training objectives which can he achieved in a CAl environment.

As ,n CAl system becomes less responsive to natural language input ,

the number of extraneous skills a student must develop to interact with the

program increases .  The syn tax  of acceptable input statements becomes more

prescr ibed , the semantics more constrained . In the framework of CAl , r esearch

in natural language processing will reduce interaction difficulties by

decreasing tilC extent to which a student must process the system ’s

language while iacreasing the extent to which the system processes the

student ’s. Also because a broader range of student responses will he

“understood ” by tile comput er , the  extent to which the system author must

anticipate and constrain student inputs will decrease , encourag ing the

development  of more sophisticated training environments.

By p r o v i d i n g  the  s y s t e m  au thor  with the opportunity to interact with

the cn r m p ’i t e r  in n a t u r a l  l anguage , the  t ime needed to c rea te  CAl m a t e r i a l s

and :he sy s t e m  li nm i t s imposed on those m a t e r i a l s  by progrannning language

c on st r a i n t ’i  w i l l  d ec rea se .  P r e s e n t ly  n i ct cii t i m e  Is invested in learning

p r o g r am m in s  s k i l l s  and f o r m a t  conventions. The programming of complex

CAT materials requires considerable programming experience and , hence , the

availabilIt y of expert pros~ramnm~’rs . By providing the CAl a u t h o r  w i t h  a

more-  n a t u r a l  I n t e r f a c e , t h i s -  needed i l e a r n  c o m p u t e r  c o n v e n t i o n s  and

dependence  on m’x per t p r ag rn r ’m s i  ~~~ sk i l l  s w Ii 1 d~~’ rca se  .

-— ~~~~~~~~ .
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The c a p a b i l i t i e s  being dev eloped in re spons ive CAT tutors will be of
value as job—performance aids. For examp le , BIP’s studen t—program

interpreter contains debugging aids that would be of assistance to

programm ers  ou ts ide  of the c lass room environment  (Barr & Beard , 1976).
Also the s imu la t i on  models developed fo r  r e spcns ive  tutors may be use fu l

to authors of more traditional drill—and—practi se cr tutorial programs .

Such models can quickl y prov ide  the au tho r  w i t h  dat ;’ which would be

t ime—consuming  to co l l ec t by o ther  means .
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