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A B S T R A C T

T h i s  is an i n v e s t igation into the e f f e c t i v e n e s s  of 

I n t elligent Com p u t e r  Ass i s t e d  Instructions t e c h n o l o g y  on the 

a c h i e v e m e n t  of Jordanian F r e s h m a n  students. An e x p e r i m e n t  

was d e s i n g e d  for this p u r p o s e  which e m p l o y e d  "time s e r i e s 

m e a s u r e s  n o n - e q u i v a l e n t  e x p e rimental control group design". 

The p o p u l a t i o n  of the e x p e r i m e n t  was the e n t e r i n g  freshman 

s t u d e n t s  r e g i s t e r i n g  for c o u r s e  Com p u t e r  S c i e n c e  C S 1 0 3  in 

fall s e m e s t e r  of 1986. Two " n o n - e q uivalent" q r o u p s  were  

chosen, an experimental group or E - G r o u p  and a control g r o u p  

or C-group. The E-group <25 students) was chosen randomly  

from the total p o p u l a t i o n  of 8 4 8  students. T he b a l a n c e  of 

the p o p u l a t i o n  c o n s t i t u t e d  the C-group. T he experimental 

d e s i g n  tested the hypotheses:

1. HO: T h e r e  is no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in

the me a n  of the m u l t i - v a r i a t e  v e ctor of the

ac h i e v e m e n t  and attitude test s c o r e s  of s t u d e n t s

taught by the ICAI m e t h o d  and the traditional lecture 

method.

2. HI* The mean of the m u l t i - v a r i a t e  vector of the 

a t t i t u d e  and a c h i e v e m e n t  test s c o r e s  of s t u d e n t s

taught by the ICAI method is g r e a t e r  than that of

the traditional lecture method.

VI
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T h e  i n d e p e n d e n t  v a r i a b l e  of the s t u d y  w a s  the t e a c h i n g  

m e t h o d  (ICAI and T r a d i t i o n a l ) .  T h e  d e p e n d e n t  v a r i a b l e s  we r e 

a c h i e v e m e n t  and a t t i t u d e  of the s t u d e n t s  of t he population.

A c o m p u t e r  p r o g r a m  u s i n g  ICAI t e c h n o l o g y  was d e v e l o p e d  

u s i n g  an IBM m i c r o  a n d  was us e d  in the p r o c e d u r e  for the ICAI 

m e t h o d  of t e a c h i n g  wi t h  the E-group. Th e  o t h e r  m e t h o d  of 

t e a c h i n g  was the t r aditional c l a s s r o o m  method. S t a n d a r d  

tests of a c h i e v e m e n t  w e r e  p r e p a r e d  j o i n t l y  by all teachers. 

T h r e e  a c h i e v e m e n t  tests were given, the first w as g i v e n  s ix 

w e e k s  from the s t a r t  of the semster. the s e c o n d  was g i v e n  six 

w e e k s  a f t e r  the first and a final test g i v e n  at the e n d  of 

the semester. A t t i t u d e  q u e s t i o n a i r e  w as filled by all 

s t u d e n t s  at the s a m e  time of the final a c h e i v e m e n t  test.

A n a l y s i s  of t he a c h i e v e m e n t  s c o r e s  a n d  the a t t i t u d e  

q u e s t i o n a i r e  we r e  d o n e  u s i n g  the S P S S  c o m p u t e r  p r o g r a m  

r u n n i n g  on the V A X - 1 1 / 7 8 0  System. T h e  a n a l y s i s  s h o w e d  that 

the ICAI m e t h o d  of i n s t r u c t i o n  mean s c o r e s  w e r e  s i g n i f i c a n t l y  

h i g h e r  than those of the traditional method. T he 

m u l t i v a r i a t e  null h y p o t h e s e i s  of no t r e a t m e n t  e f f e c t  is 

s t r o n g l y  rejected. T h e  e f f e c t  of sex w a s  al s o  tested. 

T r e a t m e n t  by sex c l e a r l y  s h o w e d  no i n t e r a c t i o n  e f f e c t  d ue to 

sex.

T h e  r e s u l t s  of this s t u d y  c l e a r l y  r e j e c t  the null 

h y p o t h e s i s  of m e t h o d  e f f e c t  (no d i f f e r e n c e s  in a c h i e v e m e n t  

s c o r e s  of s t u d e n t s  taught by the two methods) in b o t h  the

vi i
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M A N O V A  as well as in the A NOVA c o n d u c t e d  s e p a r a t e l y  on the 

total a c h i e v e m e n t  score. Moreover, in the c o m p a r i s o n s  b a s e d  

upon all the 823 s t u d e n t s  taken as contral group, the 

e x p e r i m e n t a l  group (ICAI group) s c o r e d  s i g n i f i c a n t l y  h i g h e r  

on the total of the three tests.

T h e  e f f e c t i v e n e s s  of a tut o r i n g  s y s t e m  is u n i v e r s a l l y  

a s s e s s e d  in terms of s t u d e n t s  a c h i e v e m e n t  test scores, at 

times, s u p p l i m e n t e d  by their s c o r e s  on m e a s u r e s  of a t t i t u d e s  

and feelings. On both counts, the f i n d i n g s  of this s t u d y  

speak u n e q u i v o n c a b l y  for the e f f e c t i v e n e s s  of the ICAI 

method.

vi i 1
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C H A P T E R  1

I N T R O D U C T I O N

1.1 I N T R O D U C T I O N

Artifi c i a l  I n t e l l i g e n c e  as a s c i e n c e  has d e v e l o p e d  so m e 

t e c h n i q u e s  that p r o v i d e  an " I n t e l l i g e n t "  a p p r o a c h  to the 

le a r n i n g  p r o c e s s  thro u g h  computers. T h i s  is one 

i n v e s t i g a t i o n  into Intelligent C o m p t u e r  A i d e d  Inst r u c t i o n s 

w h i c h  c o n t a i n  " e x p e r t i s e "  on t he d o m a i n s  they ar e  teaching. 

S y s t e m s  built on the b a s i s  of such res e a r c h  allow t w o - w a y  

interaction. T he s t u d e n t  can p o s e  p r o b l e m s  to the s y s t e m  to 

see h o w  they c a n  be solved, as well as the s y s t e m  s e t t i n g  

p r o b l e m s  for the student. U s i n g  its k n o w l e d g e  base. the 

s y s t e m  can also e x p l a i n  where the stu d e n t  is g o i n g  wrong.

I n t e l l i g e n t  s y s t e m s  c a n  a l s o  m a i n t a i n  a s t u d e n t  model, 

wh i c h  c o n t a i n s  i n f o r m a t i o n  a b o u t  wh a t  the s t u d e n t  d o e s  a nd  

d o e s  n o t  know. U s i n g  this model the s y s t e m  c a n  then g u i d e  

its t e a c h i n g  s t r a t e g y  in s u c h  a w a y  as to p r o v i d e  more 

i n f o r m a t i o n  in a r e a s  w h e r e  the s t u d e n t  n e e d s  m o r e  training. 

As the s t u d e n t  learns and a n s w e r s  q u e s t i o n s  the s y s t e m  

u p d a t e s  the model (revises its b e l i e f  of wh a t  the s t u d e n t
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knous or do e s  not know). thus k e e p i n g  up w i t h  the s t u d e n t s  

progress.

Th i s  is in c o ntrast to the c o n v e n t i o n a l  a p p r o a c h  to 

c o m p u t e r  a i d e d  training w here a p r e - d e f i n e d  text is p r e s e n t e d  

to the student a nd his/ h e r  u n d e r s t a n d i n g  is a s s e s s e d  using  

p r e - d e f i n e d  q u e s t i o n  a n d  answer. Such s y s t e m s  s u f f e r  from 

lack of f l exibility and are not r e s p o n s i v e  to s t u d e n t s  needs. 

They lack three features of h u m a n  le a r n i n g  s i t u a t i o n  that are 

fundamental to the e f f e c t i v e  transfer of k n o w l e d g e  a n d  s k i l l s  

to students! k n o w l e d g e  of the student, k n o w l e d g e  of the 

s ub j e c t  matter, and m i x e d  initia t i v e  dialogue.

We will s e e  in a later chap t e r  a d e s c r i p t i o n  of ICAI 

s y s t e m s  w hich have b e e n  tested in e n v i r o n m e n t s  of W e s t e r n  

culture. In my review of the l i t e r a t u r e  I w a s  not a b l e  to 

find any ICAI s y s t e m s  that h a v e  been d e v e l o p e d  for t e s t i n g  or 

use in Jordan schools. It h a s  been well r e c o g n i z e d  that the 

c o g n i t i v e  processes. s t y l e s  and the w ay p e o p l e  think and 

b e h a v e  are to a great e x t e n t  d e t e r m i n e d  by cultural and 

ecological factors. Th i s  implies that what h o l d s  for W e s t e r n 

c u l t u r e  may not n e c e s s a r i l y  hold for A r a b / I s l a m i c  culture. 

T h e r e f o r e  this s t u d y  is s p e c i f i c a l l y  d e s i g n e d  to test the 

e f f e c t i v e n e s s  of ICAI s y s t e m s  w i t h  J o r d a n i a n  u n i v e r s i t y  

students. J o r d a n  is an A r a b / I s l a m i c  c o u n t r y  w h i c h  e m p h a s i z e s  

education. T e s t i n g  ICAI s y s t e m s  in J o r d a n  w i t h  the aim of 

using such s y s t e m s  in s i t u a t i o n  l earning will b e  ve r y  useful.
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1.1.1 S T A T E M E N T  OF THE P R O B L E M

Res e a r c h  h as p r o d u c e d  s o m e  general p r i n c i p l e s  a n d  theory 

of ICAI * however the a p p l i c a t i o n  of t h e s e  p r i n c i p l e s  and 

theory did not receive e n o u g h  t e s t i n g  and h a v e  been t ried on 

a limited s c a l e  (Barr * F i e g e n b a u m  a nd Cohen* 1981). One can 

s t a t e  that all ICAI is in a p i o n e e r i n g  s t a g e  of development. 

T h e  potential offe r e d  by ICAI h a s  h a r d l y  been a p p l i e d  and 

testd with the vast vari e t y  of p r o b l e m s  in education. This 

is true in the W e s t e r n  w o r l d  and is p a r t i c u l a r l y  true in the 

d e v e l o p i n g  c o u n t r i e s  such as J o rdan w h e r e  n o t h i n g  has been 

done.

The very n o t i o n  of ICAI is a n o v e l t y  which many 

e d u c a t i o n  s p e c i a l i s t s  find hard to grasp. N e vertheless*  

J o r d a n  has co m m i t t e d  itself to u p d a t e  a nd m o d e r n i z e  its 

s y s t e m  of education. W i t h i n  this framework the u s e  of 

c o m p u t e r s  in the many a p p l i c a t i o n s  is being e n c o u r a g e d  

p a r t i c u l a r l y  in the field of education.

The focus of this research is on the a p p l i c a b i l i t y  of 

ICAI in the context of A r a b / I s l a m i c  c u l t u r e  in general and 

the Jo r d a n i a n  educational p r o c e s s  in particular. Mo r e  

s p e c i f i c a l l y  this s t u d y  intends:

1. To develop an ICAI c o m p u t e r  p r o g r a m  u s i n g  an e x p e r t  

sy s t e m  shell for a unit of inst r u c t i o n  in the 

i n t r o d u c t i o n  of com p u t e r  science.
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2. T e s t  the ICAI p r o g r a m  with u n i v e r s i t y  f reshman students.

3. I n v e s t i g a t e  the p r o g r a m ’s c o m p a r a t i v e  e f f e c t i v e n e s s  in 

t e r m s  of students* achievements.

F o r m a l l y  stated, the p r o b l e m  of this s t u d y  is to e s t a b l i s h  

the e f f e c t i v e n e s s  of ICAI t e c h n i q u e s  in c o m p a r i s o n  w i t h  the 

traditional lecture m e t h o d  on Y a r m o u k  U n i v e r s i t y  freshman  

s t u d e n t s  in c o m p u t e r  s c i e n c e  c o u r s e  103. E f f e c t i v e n e s s  here 

is o p e r a t i o n a l l y  d e f i n e d  as the a c h i e v e m e n t  of the s t u d e n t s  

of the c o u r s e  objectives. A c h i e v e m e n t  is m e a s u r e d  by an 

a c h i e v e m e n t  test c o n s t r u c t e d  for this c o u r s e  by a team made 

up of all the instr u c t o r s  t e a c h i n g  the c o u r s e  d u r i n g  the 

s e m e s t e r  (fall 1986) in which the e x p e r i m e n t  is conducted.

1.1.2 S C O P E  OF T HE STUDY

T h e  e d u c a t i o n  s y s t e m  of Jordan r e q u i r e s  a c o m p r e h e n s i v e  

e x a m i n a t i o n  of all g r a d u a t i n g  s e n i o r s  of high s c h o o l s  in the 

country. S t u d e n t s  a r e  then c l a s s i f i e d  a s  "arts" or "science" 

s t u d e n t s  b a s e d  on their s c o r e s  in the c o m p r e h e n s i v e  

exam i n a t i o n .  T h e y  a re also a d m i t t e d  to u n i v e r s i t i e s  b a s e d  on 

s u c h  cl a s s i f i c a t i o n .  Th u s  s c i e n c e  s t u d e n t s  are a d m i t t e d  to 

technical c o l l e g e s  a nd ar t s  s t u d e n t s  are a d m i t t e d  to 

n o n - t e c h n i c a l  c o l l e g e s  c o m p e t i t i v e l y  on their s t a n d i n g  in the 

c o m p r e h e n s i v e  test. Yarm o u k  U n i v e r s i t y  req u i r e s  that all 

e n t e r i n g  f reshmen take an i n t r o d u c t o r y  c o u r s e  in computer

1-4

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

IN T R O D U C T IO N

science. Howe v e r  the i n t r o d u c t o r y  c o u r s e  taught to arts 

s t u d e n t s  has d i f f e r e n t  o b j e c t i v e s  from that of the c o u r s e  

taught to s c i e n c e  students. This i n v e s t i g a t i o n  c o n c e r n s  and 

w o r k s  with a r t s  e n t e r i n g  freshmen s t u d e n t s  only. T he c o u r s e  

to be us e d  by this s t u d y  is the c o m p u t e r  s c i e n c e  c o u r s e  103 

taught to ar t s  freshmen s t u d e n t s  at Y a r m o u k  U n i v e r s i t y  (fall. 

1986). The study also. is limited to the use of the 

artifi c i a l  i n t e l l i g e n c e  t e c h n i q u e s  of k n o w l e d g e - b a s e d  expert 

s y s t e m s  using a c o n s u l t a t i o n  tutoring strategy. T h e  study  

also is limited to the m e a s u r e m e n t  of a c h i e v e m e n t  as m e a s u r e d  

and d e f i n e d  by the test d u r i n g  and a f t e r  the c o m p l e t i o n  of 

the course.

1.1.3 B A C K G R O U N D

T h i s  study r equires u n d e r s t a n d i n g  and b a c k g r o u n d  in 

Artificial Intelligence and learning theory a nd applications.  

The following few p a r a g r a p h s  pres e n t  the areas of e x p e r t i s e  

one n e e d s  in order to ca r r y  out and u n d e r s t a n d  this 

investigation.

S c i e n t i s t s  have o f t e n  dreamt of d e v e l o p i n g  m a c h i n e s  that 

a p p l y  re a s o n i n g  p r o c e s s e s  very much like those of the natural 

human mind. M o d e r n  c o m p u t e r s  can p e r f o r m  c a l c u l a t i o n s  at 

s p e e d s  far b e y o n d  the i m agination of humans, yet they are 

i n c apable of ev e n  the s i m p l e s t  r e a soning activity. R e s e a r c h  

is b e i n g  c a r r i e d  out to e n a b l e  m o d e r n  c o m p u t e r s  to immitate
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the p r o c e s s e s  of the h u m a n  brain. T h i s  res e a r c h  c a l l e d  

"artificial i n t e l l i g e n c e "  has c o m e  to be k n o w n  as that part 

of c o m p u t e r  s c i e n c e  w h i c h  i n v e s t i g a t e s  n o n a l g o r i t h m i c  

re a s o n i n g  p r o c e s s e s  a nd the r e p r e s e n t a t i o n  of sym b o l i c  

k n o w l e d g e  for u se in m a c h i n e  i n f e r e n c e * ( M i n s k y .  1975).

T h e  c o r e  q u e s t i o n  a b o u t  a rtificial i n t e l l i g e n c e  is "can 

m a c h i n e s  r e ally be t a ught to reason* to think and to apply 

c o m m o n  s e n s e  v e r y  mu c h  like h u m a n s  do?". T h e  m o r e  s c i e n t i s t s  

tried to look at the issues the m o r e  they r ealized the 

d i f f i c u l t y  of s e p a r a t i n g  s c i e n c e  from s c i e n c e  fiction.

It is tr u e  that m o d e r n  c o m p u t e r s  p e r f o r m  p r e c i s e l y  

d e f i n e d  tasks with s p e e d  and accuracy. H o w e v e r  m a c h i n e s  do 

not p o s s e s s  wh a t  we refer to as " c o m m o n  s e n s e "  in humans. 

The h u m a n  m i n d  w h i l e  incapable of c o m p l e x  c o m p u t a t i o n s  is 

q u i t e  a b l e  to u n d e r s t a n d  a n d  reason. We h u m a n s  m ay think a 

c o m p u t e r  is i n t e l l i g e n t  b e c a u s e  it c a n  s o l v e  c o m p l e x  p r o b l e m s  

of s t r u c t u r e s  or nuc l e a r  physics. w h e r e a s  in reality the 

m a c h i n e  may n e i t h e r  u n d e r s t a n d  the p r o b l e m  nor c o m p r e h e n d  the 

m e a n i n g  of i n t e l 1 i g e n c e . (Weizenbaum. 1979). It is in trying 

to m a k e  the m a c h i n e  a p p l y  s e n s o r y  t e c h n i q u e s  a nd u n d e r s t a n d  

and r e ason like h u m a n s  that s c i e n t i s t s  a r e  d o i n g  r e search in 

a rtificial intelligence.

But how a re s c i e n t i s t s  a p p r o a c h i n g  the sjubject of 

d e v e l o p i n g  m a c h i n e s  that do reason v e r y  m u c h  like h u m a n s ?  

T h e r e  are two appro a c h e s *  p e r f o r m a n c e  a n d  simulation.
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P e r f o r m a n c e  may be i l l u s t r a t e d  b y  imagining a m a t h e m a t i c i a n  

e m b a r k i n g  on a proj e c t  to d e v e l o p  a p o k e r - p l a y i n g  c o m p u t e r 

program. He is likely to d e s i g n  a p r o g r a m  that is b a s e d  on 

m a t h ematical and s t atistical techniques. The result w o u l d  be 

a p r o g r a m  that w o u l d  m a x i m i z e  its c h a n c e s  of w i n n i n g  by 

p l a y i n g  the odds, b l u f f i n g  at random and show no emotion. 

The m a t h e m a t i c i a n s  p r o g r a m  w o u l d  be c o n c e r n e d  w i t h  the 

o b j e c t i v e  of the final result or the final p e r f o r m a n c e  of the 

program. Su c h  an a p p r o a c h  is sa i d  to be p e r f o r m a n c e  

oriented.

S i m u l a t i o n  can be i l l u s t r a t e d  by a s s u m i n g  that the same  

pr o j e c t  was given to a psy c h o l o g i s t .  He w o u l d  likely design  

the p o k e r - p l a y i n g  p r o g r a m  u s i n g  t h e o r i e s  of h u m a n  thou g h t  and 

behavior. The program m ight ev e n  h a v e  several routines. One 

might pl a y  the game a g r e s s i v e l y  w h i l e  a n o t h e r  is easily  

intimidated. T he p r o g r a m  m a y  even be e m o t i o n a l l y  inv o l v e d  in 

the g a m e  and lose e v e r y t h i n g  it owned. T he a p p r o a c h  of the 

ps y c h o l o g i s t  is to u n d e r s t a n d  the p r o c e s s e s  of natural 

intelligence. The p r o j e c t  then will b e  g e a r e d  tow a r d s  

tes t i n g  t heories by b u i l d i n g  c o m p u t e r  m o d e l s  b a s e d  on such 

theories. Th i s  would i n d i c a t e  that the o b j e c t i v e  of the 

intelligent prog r a m  is on l y  a m e a n s  to reach a n o t h e r  

o b j e c t i v e  n a m e l y  that of u n d e r s t a n d i n g  h u m a n  t h i n k i n g  and 

behavior. U s i n g  su c h  t e c h n i q u e s  is s a i d  to be s i m u l a t i o n  

oriented.
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S c i e n t i s t s  seem to be m a k i n g  c o n t r i b u t i o n s  to AI using 

p e r f o r m a n c e  a nd s i m u l a t i o n  techniques. However* e l u s i v e  

ph i l o s o p h i c a l  q u e s t i o n s  persist. C o n s i d e r  for e x a m p l e  the 

d i s c u s s i o n s  g e n e r a t e d  w h e n  one a s k s  (How is i n t e l l i g e n c e  

measured, by the a m ount of w i n n i n g  or by e x h i b i t i n g  h u m a n l i k e  

qualities?). Such q u e s t i o n s  a r i s e  from the fact that it is 

often d i f f i c u l t  to d i s t i n g u i s h  b e t w e e n  the a p p e a r a n c e  of 

i n t e l l i g e n c e  a nd its actual existence. I n t e l l i g e n c e  in fact 

is an internal c h a r a c t e r i s t i c  that c an only be d e t e c t e d  

through the u s e  of s t i m u l u s / r e s p o n s e  dialogue. R e a l i z i n g  

this d i f f i c u l t y  s c i e n t i s t s  h a v e  tried d i f f e r e n t  a p p r o a c h e s  to 

d e t e c t  intelligence. O ne s u c h  s c i e n t i s t  is Al a n  T u r i n g  who 

p r o p o s e d  a test for d e t e c t i n g  m a c h i n e  intelligence. His 

proposal was to a l l o w  a h u m a n  i n t e r r o g a t o r  to c o m m u n i c a t e  

with a s u b j e c t  by m e a n s  of a c o m p u t e r  terminal w i t h o u t 

i n f o r m i n g  th e  s u b j e c t  w h e t h e r  he is c o m m u n i c a t i n g  w i t h  h u m a n  

or computer. If the s u b j e c t  was u n a b l e  to d i s t i n g u i s h  the 

m a c h i n e  from the h u m a n  then the T u r i n g  test w o u l d  h a v e  been 

p a ssed by the computer.

T h e  T u r i n g  test w a s  i m p l e m e n t e d  in t h e  m i d  sixties. 

J o s e p h  W e i z e n b a u m  (1966) d e s i g n e d  a c o m p u t e r  p r o g r a m  that 

w ould p r o j e c t  the image of a R o g e r i a n  a n a l y s t  c o n d u c t i n g  a 

p s y c h o l o g i s t ’s interview. The c o m p u t e r  p l a y e d  the role of 

the a n a l y s t  a n d  the user of the p r o g r a m  p l a y e d  the role of 

the patient. T h e  p r o g r a m  k n o w n  as "DOCTOR" w o r k e d  a c c o r d i n g  

to well d e f i n e d  rules and d i r e c t e d  them back onto a com p u t e r
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terminal u s i n g  a s c r e e n  interactively. D O C T O R  r e p h rased some 

of the s t a t e m e n t s  m a d e  by the user and if it w as not a b l e  to 

r ecognize its s t r u c t u r e  then it would respond with phrases 

such as "go on" or "that is interesting". T he main o b j ective 

of W e i z e n b a u m  was to research the area of natural language. 

T he subj e c t  of p s y c h o t h e r a p y  was to play a s e c o n d a r y  role in 

the experiment. However some therapists used D O C T O R  to 

c onduct actual therapy. T h i s  p r a c t i c e  was c r i t i c i z e d  by some 

as unethical and immoral w h i l e  o t h e r s  have e n c o u r a g e d  it and 

called for more work. The ethical a nd moral issues will be 

d e b a t e d  for some time. The t h e r a p i s t s  a r g u e d  that the 

R o g e r i a n  therapy s t r e s s e d  the importance of p a t i e n t  leading 

the s e s s i o n s  rather than the therapist a nd therefore a 

c o m p u t e r  c o u l d  conduct a s e s s i o n  as well as a therapist. 

Also D O C T O R  p r o j e c t e d  the image of c o m p r e h e n s i o n  so str o n g l y  

that many who used it found t h e m s e l v e s  p r o j e c t i n g  intimate 

t houghts a nd feelings* a nd in many instances act u a l l y 

b e c o m i n g  s u b s e r v i e n t  to the c o m p u t e r ’s dialogue.

An app r o a c h  to AI is taken by some w o r k e r s  in the 

c o n t e x t  of progr a m m i n g  s c i e n c e  (Boden 1977). Anyone 

c o n c e r n e d  with the field must refer to p r o g r a m s  and 

programming. Yet p r o g r a m m i n g  does not interest many who are 

m a king s i z a b l e  c o n t r i b u t i o n s  to the d o m a i n  of AI. 

Philosophers. psychologists. linguists. information

theorists, even p r o g r a m m i n g  e x p e r t s  c onsider the a c t i v i t y  as 

s u b o r d i n a t e  to a mu c h  wider aim. s u c h  as "the d e v e l o p m e n t  of
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a s y s t e m a t i c  t h eory of intellectual p r o c e s s e s "  or "the s t u d y  

of i n t e l l i g e n c e  a s  c o m p u t a t i o n " .  (Michie, 1974). Such 

c o n c e p t s  s t r e s s  i n t e l l i g e n c e  in general. not h u m a n  t h o u g h t  

p r o c e s s e s  in particular.

A n o t h e r  a p p r o a c h  is taken by t hose who c o n c e n t r a t e  on 

the t e c h n o l o g i c a l  innovations. These take the form of 

p r o j e c t s  s u c h  as d e v e l o p i n g  a robot, a c h e s s  p l a y i n g  program, 

a s p e e c h  synt h e s i z e r ,  an a u t o m a t i c  clerk, an i n telligent 

tutor... T h e s e  w o r k e r s  d e s c r i b e  AI as "an e n g i n e e r i n g  

d i s c i p l i n e " . (N i 1 Ison. 1974). T h i s  of c o u r s e  d o e s  not appeal 

to those w i t h  p s y c h o l o g i c a l  interests.

T h e r e  is evidence, however, that p s y c h o l o g y  a n d  AI a re 

related. T h e  k n o w l e d g e  we a c q u i r e  about h u m a n  intelligence, 

s u g g e s t s  a n d  e x t e n d s  the theory of m a c h i n e  intelligence. 

What we learn a b o u t  m a c h i n e  i n t e l l i g e n c e  could a l s o  s u g g e s t  

s o m e t h i n g  to us a n d  t h e r e f o r e  i n c r e r a s e  our k n o w l e d g e  of 

h u m a n  intelligence. T he r e l a t i o n s h i p  b e t w e e n  h u m a n  and 

m a c h i n e  i n t e l l i g e n c e  is t h e r e f o r e  "symbiotic". T h i s  is 

n o w h e r e  m o r e  e v i d e n t  than in the w o r k s  of A l l e n  Newell a nd 

Herbert Simon. T h e y  d e v e l o p e d  a t h eory of p r o b l e m  s o l v i n g  

c a l l e d  LT "(Lo g i c  Theorist)", w h i c h  they i m p l e m e n t e d  as a 

c o m p u t e r  program. They m o d e l e d  the " p r o b l e m - s o l v i n g "  

b e h a v i o r s  they e x p e c t e d  to find in h u m a n  p r o b l e m - s o 1 vers, 

(Barr. F e i g e n b a u m  a nd Cohen. 1981). W h e n  later they t e sted  

their theory. it failed b e c a u s e  they found that h u m a n s  d id 

not use the s a m e  control p r o c e s s  as their model. Th e y
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l e a r n e d  about h u m a n  control p r o c e s s e s  d u r i n g  s o l v i n g  p r o b l e m s  

a n d  i n c o r p o r a t e d  this n e u  k n o w l e d g e  into their c o m p u t e r  

programs. T h e  n ew cont r o l  p r o c e s s  is known as " m e a n s - e n d s  

a n a l y s i s "  and the p r o g r a m  a s  General P r o b l e m  S o l v e r  (GPS).

Th e o r e t i c a l  a nd a p p l i c a t i o n  o r i e n t e d  res e a r c h  h as been 

c a r r i e d  out by AI researchers. F o l l o w i n g  is an o u t l i n e  of 

t h e o r e t i c a l  a n d  a p p l i c a t i o n s  research.

1.1.3.1 T H E O R E T I C A L  R e s e a r c h  -

T h e o r e t i c a l  work of AI has be e n  c o n c e n t r a t e d  in the 

f o l l o w i n g  s u b f i e l d s  of AI:

1. M o d e l s  of c o g n i t i o n

2. A u t o m a t i c  d e d u c t i o n

3. C o m p u t e r  v i s i o n

4. L e a r n i n g  and I n d uctive Inference

5. Natural L a n g u a g e  n u d e r s t a n d i n g

A p p l i c a t i o n s  o r i e n t e d  res e a r c h  d e a l s  with the f o l l o w i n g  

a r e a s :

1. S c i e n c e

1 - 1 1
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2. M e d i c i n e

3. A u t o m a t i c  p r o g r a m m i n g

4. E d u c a t i o n

1.1.3.1.1 M O D E L S  OF C O G N I T I O N  - C o g n i t i v e  m o d e l s  are e m b e d e d  

in " c o g n i t i v e  s c i e n c e "  w h i c h  d e a l s  w i t h  " U n d e r s t a n d i n g  h u m a n  

behavior". T h e y  a re d e v o t e d  to m o d e l s  of p r o b l e m - s o l v i n g  

human memory. and belief systems.

Newell a nd S i m o n  h a v e  t h o r o u g h l y  r e s e a r c h e d  "human  

p r o b l e m - s o l v i n g " .  T h e i r  G PS p r o g r a m  is so pow e r f u l  a nd ma d e  

such an impact that it is worth m e n t i o n i n g .  T he p r o g r a m  

(GPS) h as d i s t i n g u i s h e d  t a s k - s p e c i f i c  k n o w l e d g e  from general 

k n o w l e d g e  (Newell and Simon. 1972). An i l l u s t r a t i o n  w o u l d  b e  

a general rule, or heuris t i c ,  s u c h  as"If y o u  c a n ’t s o l v e  the 

w h o l e  problem, try to s o l v e  part of it". A s p e c i f i c  p i e c e  of 

k n o w l e d g e  that may be useful for s o l v i n g  s o m e  g e o m e t r y  

p r o b l e m s  is." t h e  s q u a r e  of the s i d e  o p p o s i t e  the right a n g l e  

of a r i g h t - a n g l e d  t r i a n g l e  is equal to t he s um of the s q u a r e s  

of the other two sides". T h e  d i s t i n c t i o n  is d e s c r i b e d  best 

in Newell and Simon:

"GPS o b t a i n e d  the n a m e  "general p r o b l e m  s o l v e r "  b e c a u s e  it 

w as the first s o l v i n g  p r o g r a m  to s e p a r a t e  in a c l e a n  way a 

t a s k - i n d e p e n d e n t  part of the s y s t e m  c o n t a i n i n g  general 

p r o b l e m  s o l v i n g  m e c h a n i s m s  from a part of the s y s t e m
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c o n t a i n i n g  kn o w l e d g e  of the task e n v i r o n m e n t  (Newell and 

Simon, 1972)."

G P S  s o l v e s  p r o b l e m s  by t r a n s f o r m i n g  the s t a r t  s t a t e  of 

the p r o b l e m  to be s o l v e d  into a goal state. T h i s  is d o n e  by 

a p p l y i n g  some o p e r a t o r s  to the s t a r t i n g  s t a t e  a nd d e t e c t i n g  

d i f f e r e n c e s  b e t w e e n  states. Th i s  is k nown as m e a n s - e n d s  

analysis. other prob l e m  s o l v i n g  techni q u e s  a re the EPAM 

(E l e mentrary Pe r c e i v e r  and M e m o r i z e r ) , (Fiegenbaum and Simon, 

1964), a nd the " O p p o r t u n i s t i c  Problem-S o l v i n g " ,  d e v e l o p e d  by 

Hayes a n d  Roth, (HAYES-ROTH, 1980).

H u m a n  m e m o r y  m o d e l s  we r e  d e v e l o p e d  by p s y chologists. In 

natural language research c o m p u t e r s  i n t elligent b e h a v i o u r s  

d e pend on know i n g  m e a n i n g s  of words, for example, trans l a t i o n  

by c o m p u t e r  and s p e e c h  understanding. S e m a n t i c  nets were 

d e v e l o p e d  as m e mory m o d e l s  w h i c h  can be us e d  by c o m p u t e r s  to 

r e c o g n i z e  the m e a n i n g s  of w o r d s  (QuiIlian, 1986). Other 

"human m e m o r y  models" a r e  (HAM) H u m a n  A s s o c i a t i v e  Memory, 

(Anderson, Bower, 1973). (ACT) A c t i v e  C o n n e c t i o n  Tasks 

d e v e l o p e d  by A n d e r s o n  a nd is a general model of cognition, 

us e s  p r o d u c t i o n s  and rules used in e x p e r t  s y s t e m s  

a p p l i c a t i o n s  ( A n d e r s o n , 1976).

T h e o r e t i c a l  AI res e a r c h  has dealt wi t h  the q u e s t i o n  of 

beliefs, b e c a u s e  much of human d i s c o u r s e  is in beliefs, 

speculations, predictions, d e s i r e s , ..etc. AI research d eals
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with the s t r u c t u r e  of beliefs* ho w  we reason with beliefs* 

how b e l i e f s  function as p r e j u d i c e s  that influence 

interpretations* a nd how e m o t i o n s  a f f e c t  reasoning. A b e l s o n  

(1979) h a s  d e a l t  w i t h  the q u e s t i o n  of b e l i e f s  a nd the 

co m p u t a t i o n a l  s y s t e m s  that have been i m p l e m e n t e d  to e x p l o r e  

them.

1. 1 . 3 . 1 . 2  A U T O M A T I C  D E D U C T I O N  -

A u t o m a t i c  d e d u c t i o n  m o d e l s  deal with theorem proving. 

These m o d e l s  use formal logic of i n f e r e n c e  rules which 

imitate the re a s o n i n g  of h u m a n  theorem proving. T h e r e  are 

several t h e o r e m - p r o v i n g  s y s t e m s  ( M c C a r t h y * 1958):

1. Natural deduc t i o n :  M o d e l s  w h i c h  r e p resent p r o o f s  in a

way that m a i n t a i n s  a d i s t i n c t i o n  b e t w e e n  g o a l s  and 

" a n t e c e d e n t s "  and use i n f erence rules that mimic the 

r e a s o n i n g  of human theorem-proving.

2. R e s o l u t i o n  Rule: T h i s  model s h o w s  w h e t h e r  a theorem

l o g i c a l l y  follows from its axioms. T h i s  is a form of 

poof by c o n t r a d i c t i o n  ( R o b i n s o n . 1 9 B 5 ) .

3. T he B o y e r - M o o r e  M o d e l : (Boyer-Moore. 1979) E m p l o y s  

m a t h e m e t i c a l  r e c u r s i v e  function theory in w h i c h  t h eorems 

are s t a t e d  and a r e  a u t o m a t i c a l l y  proved. T h e  r e c u rsive 

p r o c e d u r e  p r o c e e d s  in a forward m a n n e r  c o n t i n u o e l y
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re w r i t i n g  the c u r r e n t  formula wit h o u t  bac k t r a c k i n g .

4. N o n m o n o t o n i c  logic model: it is known that purely

d e d u c t i v e  r e a soning t e c h n i q u e s  are not c o m p l e t e l y  

a d e q u a t e  in c a p t u r i n g  "all intelligent" thought. 

S t a t i s t i c a l  and inductive reasoning w h i c h  d e a l c  with 

inexact general re a s o n i n g  have been a d d e d  to s u pplant  

d e d u c t i v e  reasoning logic. T h e s e  h a v e  been recently 

f o r m a l i z e d  in n o n m o n o t o n i c  logics ( McDermott and 

D o y l e . 1980).

5. Logic Programming: R e f e r s  to a model of p r o g r a m m i n g

s t y l e  in h i gher level languages. P r o g r a m s  a r e  w r i t t e n  as 

s e t s  of assertions. A "logic program" c o n s i s t s  of a set 

of clauses. Logic p r o g r a m m i n g  is useful to AI b e c a u s e  of 

its powerful r e p r e s e n t a t i o n s  language (Robinson. 1965).

1.1.3.1.3 C O M P U T E R  V I S I O N  -

T h e  goal of a C o m p u t e r  V i sion s y s t e m  is to u n d e r s t a n d  

the image of an object and i dentify the object w h o s e  image is

p r o j e c t e d  (Roberts. 1965). C o m p u t e r  V i s i o n  research 

c a t a g o r i z e s  the field into "Signal processing". 

"Classifications", and "Understanding".

Signal p r o c e s s i n g  t r a n f o r m s  a given image into anot h e r  

that h a s  mo r e  d e s i r a b l e  properties. An e x a m p l e  w o u l d  be 

e m p h a s i z i n g  the edges of a p i c t u r e  image to e n h a n c e  d e t a i l s
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for h u m a n  inspection.

C l a s s i f i c a t i o n  techniques: I n f o r m a t i o n  is e x t r a c t e d

from an image then it is c o m p a r e d  to a p r e d e t e r m i n e d  s t a t e  to 

d e t e r m i n e  its c l a s s i f i c a t i o n .  A d e c i s i o n  on the "fit" of an 

image is m a d e  u s i n g  s t a tistical d e c i s i o n  m e t h o d s  a p p l i e d  to 

" m u l t i d i m e n s i o n a l "  space. T h e  body of t h e o r y  for optimal 

d e c i s i o n  r u l e s  is c a l l e d  " p a t t e r n  r e c o g n i t i o n  or 

c l a s s i f i c a t i o n " .  An e x a m p l e  of c l a s s i f i c a t i o n  t e c h n i q u e s  is 

" c h a r a c t e r  recognition".

U n d e r s t a n d i n g  i m a g e s  b u i l d s  a b o d y  of k n o w l e d g e  about 

the image. I n f o r m a t i o n  is e x t r a c t e d  on " p r i m i t i v e  features" 

such as c h a n g e  of i n t e n s i t y  and o r i e n t a t i o n  of e d g e  e l e m e n t s  

from i n t e n s i t y  a r r a y  of the image. Al s o  e x t r a c t e d  are 

i n f o r m a t i o n  on lines. regions. s h a p e  information. s u r f a c e  

orientation, and occlusions.

1 . 1 .3.1.4 L E A R N I N G  A N D  INDUCTIVE IN F E R E N C E  -

L e a r n i n g  is the p r o c e s s  by w h i c h  p e o p l e  a nd c o m p u t e r s  

can i ncrease their p e r f o r m a n c e  (Simon. 1969). AI r e s e a r c h e r s  

study lea r n i n g  for two reasons. On e  is by d e v e l o p i n g  

c o m p u t e r  m o d e l s  of learning. p s y c h o l o g i s t s  a r e  a b l e  to 

u n d e r s t a n d  h u m a n  learning. T he s e c o n d  reason for c o n d u c t i n g  

research in learning is to d e v e l o p  b e t t e r  w a y s  for c o m p u t e r s  

to learn. O n e  of the ma i n  o b j e c t i v e s  of AI r e s e a r c h  h as been
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the d e v e l o p m e n t  of c o m p u t e r  s y s t e m s  that can be taug h t  rather 

than be p r o g r a m m e d  (Winston. 1977).

T h e r e  are four g e n e r a l l y  a c c e p t e d  learning s i t u a t i o n s :

1. R o t e  learning : In this s i t u a t i o n  the i n f o r m a t i o n  is

ready. It d o e s  not ne e d  to b e  p r o c e s s e d  in o r d e r  to be 

understood. All one or the c o m p u t e r  n e e d s  to do is to 

s t o r e  the i n f o r m a t i o n  in h i s / h e r  or its memory. An 

e x a m p l e  of rote lea r n i n g  by the c o m p u t e r  is S a m u e l s  

c h e c k e r s  p l a y i n g  p r o g r a m  (Samuel. 1967).

2. L e a r n i n g  from ex a m p l e s :  This lea r n i n g  s i t u a t i o n  p r e s e n t s

the learner (Person, or C o m p u t e r  System) w i t h  e x a m p l e s  of 

how it s h o u l d  behave. The s y s t e m  must then find a 

general rule from the e x a m p l e s  which it c a n  u se in 

s i m i l a r  situations. (Buchanan. 1977).

3. L e a r n i n g  By B e i n g  Told: T h i s  model u s e s  general 

k n o w l e d g e  or a d v i c e  that has b e e n  g i v e n  to it in a way so 

as to transform this k n o w l e d g e  to a u s a b l e  form in a 

p a r t i c u l a r  perf o r m a n c e .  It c an fill in details, make 

a s s u m p t i o n s  and ma k e  d e d u c t i o n s  from the a d v i c e  it is 

given. The T E I R E S I A S  p r o g r a m  (Davis. 1976) a n d  F00 

pr o g r a m  (Mostow. and Hays-Roth. 1979: Mostow. 1981) are 

e x a m p l e s  and a p p l i c a t i o n s  of this (learning by b eing  

told) technique.
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4. L e a r n i n g  By Analogy: This model us e s  a g i v e n  k n o wledge

b a s e  a nd tries to find an a n a l o g y  to the present

s i t u a t i o n  in order to improve its performance. An 

e x a m p l e  would be a k n o w l e d g e  b a s e  a b o u t  p o s s i b l e  computer 

s y s t e m  p r o b l e m s  or bugs. When a c o m p u t e r  s y s t e m  problem 

is presented, the model tries to find simi l a r  problem(s) 

in the k n o w l e d g e  ba s e  and an a p p r o p r i a t e  "treatment".

N A T U R A L  L A N G U A G E

The o b j e c t i v e  of AI natural l anguage <NL) research is to

build c o m p u t e r s  that can c o m m u n i c a t e  as p e o p l e  do. Co m p u t e r s

c o m m u n i c a t e  using rigid format languages to m a k e  it easier  

for c o m p i l e r s  to p a r s e  the language. The user of these 

la n guages is c o n s t r a i n e d  by syntax and m e a n i n g  (semantic) of 

the language. Work h as c o n c e n t r a t e d  in d e v e l o p i n g  c omputer 

p r o g r a m s  that u n d e r s t a n d  (NL) a nd p r o d u c e  "machine 

tr a n slation" that ref l e c t s  the m e a n i n g  of natural languages, 

and produce, a p p r o p r i a t e  text. Mu c h  research h as been done  

on m a c h i n e  t r a n s l a t i o n  gramrners. pars i n g  and text 

proccessing. E arly a t t e m p t s  at "ma c h i n e  translation"  

c o n c e n t r a t e d  on t r a n s l a t i o n  by use of dictionary. (Booth. 

1967).

T h e n  ca m e  the c o n c e p t s  that s a y  that "source text and 

trans l a t e d  text sa y  the same thing" (W e a v e r .1949). This 

implies. a c c o r d i n g  to Weaver. that t r a n s l a t i n g  between  

l a n guages m e a n s  g o i n g  from s o u r c e  language " to an
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i n t e r m e d i a t e  u n i v e r s a l  language" then to a " d e s t i n a t i o n  

language" or the d e s i r e d  text. T h e s e  c o n c e p t s  did not 

h o u e v e r  deal uith the c o n c e p t  of m e a n i n g  (semantics).

T h e  e a r l y  1970s saw interest in t he s u b j e c t  of 

s emantics. The d e v e l o p m e n t  of A L G O L  a n d  LI S P  ui t h  their 

f e a t u r e s  of lists s p o u s e d  the d e v e l o p m e n t  of p r o g r a m s  that 

used s e m a n t i c s  p r i m i t i v e s  that a r e  l a n g u a g e  independent. 

Much c u r r e n t  AI uo r k  on (NL) is b a s e d  on the r e q u i r e m e n t s  

that u n d e r s t a n d i n g  of uhat is b e i n g  said is vital to every 

UBe of language. T h i s  m e a n s  that a m a c h i n e  t r a n s l a t i o n  

p r o g r a m  must first u n d e r s t a n d  the subject, b e f o r e  it can 

t r a n s l a t e  the m a terial w r i t t e n  a b o u t  that subject. T he 

m a c h i n e ’s a b i l i t y  to u n d e r s t a n d  is the c o r e  q u e s t i o n  of AI 

research.

1.1.3.2 A P P L I C A T I O N S  O R I E N T E D  AI R E S E A R C H  -

M u c h  of the AI t e c h n i q u e s  a nd theoretical work h as been 

a p p l i e d  to test the utility. the e f f e c t i v e n e s s  a nd the 

c o r r e c t n e s s  of c o n cepts, to ga i n  n ew k n o w l e d g e  about the 

n a t u r e  of intelligence. the mind cognition, learning and 

reasoning. T h e s e  t e c h n i q u e s  ha v e  be e n  i m p l e m e n t e d  as "expert 

s y s t e m s  ".that is c o m p u t e r s  s y s t e m s  that c a n  s o l v e  c o m p l e x  

real w o r l d  p r o b l e m s  of science. engineering. e d u c a t i o n  and 

medicine. S y s t e m s  that use large b o d i e s  of d o m a i n  k n o w l e d g e
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c o m p i l e d  by h u m a n  experts. has p r o v e d  useful for s o l v i n g  

typical p r o b l e m s  m  their domain. E x p e r t  s y s t e m s  a r e

d e s i g n e d  to t a c k l e  p r o b l e m s  that a r e  d i f f i c u l t  for h u m a n

r e s e a r c h e r s  to solve. T h e s e  p r o b l e m s  i nvolved ma n y 

p o s s i b i l i t i e s  c h a r a c t e r i z e d  by their "Combin a t o r i a l  

e x p l o s i o n "  nature. s u c h  as the t r a v e l l i n g  s a l e s m a n  problem, 

w h i c h  m a d e  it d i f f i c u l t  for h u m a n s  to d i s c o v e r  or b e  

c o n f i d e n t  of the solution. E x p e r t  s y s t e m s  c o n s i s t  of the

f o l 1o w i n g . (B a r r .F e i g n b a u m  and Cohen. 1981):

1. F a c t s  about the d o m a i n  ( Knowledge base).

2. R u l e s  or procedures.

3. H e u r i s t i c s  or what might be good t h i n g s  to try.

4. Global strategies.

5. A "theory" of the domain.

1.1.3.2.1 S C I E N C E  AI A P P L I C A T I O N S  -

AI a p p l i c a t i o n s  h a v e  dealt w i t h  a r e a s  of chemistry, 

m a t h e m a t i c s .  geol o g y  a n d  other s c i e n c e  d i s c iplines. T h e  

f o l l o w i n g  is a brief d e s c r i p t i o n  of AI w o r k s  in chemistry, 

m a t h e m a t i c s  and geology.

1. 1.3.2.1.1 C H E M I S T R Y  A P P L I C A T I O N S  -
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T r a d i t i o n a l l y  most c o m p u t e r  p r o g r a m s  in the a r e a  of 

che m i c a l  a n a l y s i s  h a v e  focused on nume r i c  p r o b l e m s  of data  

ac q u isition, data r e d u c t i o n  and c o m p u t e r  c a l u c l a t i o n s .  AI on 

the o ther h a n d  c o n c e n t r a t e s  on c hemical r e a s o n i n g  problems:

1. D e t e r m i n i n g  the s t r u c t u r e  of c o m p l e x  che m i c a l  compounds.

2. S y n t h e s i z i n g  new c h emical compounds.

T he H e u r i s t i c  D E N D R A L  p r o g r a m  based on D E N D R A L  a l g o r i t h m  

and the C O N G E N  p r o g r a m  w h i c h  removed s o m e  of the l i m i t a t i o n s  

of chemical s t r u c t u r e s  a r e  b ut two e x a m p l e s  of AI 

a p p l i c a t i o n s  in chemistry. (Buchanan. 1969). T h e s e  p r o g r a m s  

h a v e  p r o d u c e d  a n u m b e r  of resu l t s  of s i g n i f i c a n c e  to 

chemists.

1. 1.3.2. 1.2 M A T H E M A T  ICS A P P L I C A T I O N S  -

AI res e a r c h  has b e e n  a c t i v e  in finding w a y s  to help 

m a t h e m a t i c i a n s  and s c i e n t i s t s  s o l v e  m a t h e m a t i c a l  problems. 

Most of the r e search has go n e  into Bymbol m a n i p u l a t i n g  

p r o g r a m s  su c h  as M A C S Y M A  d e v e l o p e d  at MIT. T h e  original 

d e sign was m a d e  by Engleman. M a r t i n  and M o s e s  (1968). It 

u s e s  s y m b o l i c  inputs and y i e l d s  s y m b o l i c  results. It 

p e r f o r m s  over 6 0 0  d i s t i n c t  m a t h e m a t i c a l  operations, 

including. integration. d i f f e r e n t i a t i o n .  s o l u t i o n  of 

d i f f e r e n t i a l  equations. T a y l o r  s e r i e s  e x p a n s i o n s .  m a t r i x
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m a n i p u l a t i o n  a nd vect o r  algebra.

1 . 1 . 3 . 2 . 1 . 3  G E O L O G Y  A P P L I C A T I O N S  -

S t a n f o r d  R e s e a r c h  Institute International h as done 

r e search on c o m p u t e r  b a s e d  c o n s u l t a n t  s y s t e m s  (CBC). The 

s y s t e m  u s e s  e x p e r t  s y s t e m s  t e c h n i q u e s  to b u i l d  a k n o w l e d g e 

base on s u b j e c t  domain. P R O S P E C T O R  is a c o m p u t e r  c o n s u l t i n g  

p r o g r a m  w h i c h  h e l p s  e x p e r t s  solve g e o l o g y  or m i n i n g  related 

problems. In this domain. the k n o w l e d g e  ba s e  model is a 

d e s c r i p t i o n  of the mo s t  important types of o re d e p o s i t s  and 

s u r f a c e  g e o l o g i c a l  observations. The user p r o v i d e s  

P R O S P E C T O R  wi t h  the mo s t  s i g n i f i c a n t  f e a t u r e s  of his/her  

prospect. s u c h  as rock types. minerals. and a l t e r a t i o n  

products.

T h e  p r o g r a m  m a t c h e s  these o b s e r v a t i o n s  a g a i n s t  its 

m o d e l s  and. when the user has finished v o l u n t e e r i n g  

information. p r o c e e d s  to ask the u s e r s  for additional  

infor m a t i o n  that will h e l p  c o n f i r m  the best m a t c h i n g  model. 

The user d u r i n g  a c o nsultation, may in t e r r u p t  to vo l u n t e e r  

new information. m o d i f y  p r e v i o u s  s t a t e m e n t s  or request an 

evaluation.

1.1.3.2.2 A P P L I C A T I O N S  R E S E A R C H  IN M E D I C I N E  -
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T h e  m a i n  o b j e c t i v e  of AI r e s e a r c h  in m e d i c i n e  is to aid 

in d i s e a s e  d i a g nostics. E x pert s y s t e m s  t e c h n i q u e s  are used 

in d e v e l o p i n g  e x p e r t  c o m p u t e r  b a s e d  medical c o n s u l t a t i o n  

systems. R e s e a r c h e r s  i n t e r e s t e d  in th i s  s u b j e c t  a re 

m o t i v a t e d  first by the o b v i o u s  b e n e f i t s  to s o c i e t y  from 

p r o v i d i n g  r e l i a b l e  d i a g n o s t i c  s e r v i c e s  at a r e d u c e d  cost. 

T h i s  is due to the o b s e r v a t i o n  (Ledley and Lusted. 1959) that 

most of the e r r o r s  c o m m i t t e d  by c l i n i c i a n s  are e r r o r s  of 

o m i s s i o n  i.e. the d i a g n o s t i c i a n  do e s  not c o n s i d e r  all 

p o s s i b i l i t i e s .  G i v e n  a d e q u a t e  p a t i e n t  data. a c o m p u t e r  

p r o g r a m  can be d e s i g n e d  to e x h a u s t  all p o s s i b i l i t i e s  of 

d i s e a s e  k n o w l e d g e  b a s e  in the medical domain. C o m p u t e r s  can 

a l s o  c a l c u l a t e  d o s e s  of m e d i c i n e  much faster a nd more 

a c c u r a t e l y  than humans. C o m p u t e r s  can al s o  p r e s c r i b e  

a n t i b i o t i c  d o s a g e s  m u c h  b e t t e r  than do physicians.

T h e  s e c o n d  reason for research m o t i v a t i o n  of the s u b j e c t 

is found in c o m p u t e r  s c i e n c e  itself. Cli n i c a l  m e d i c i n e  h as 

been a go o d  ar e a  for the s tudy of c o g n i t i v e  processes. 

D i a g n o s i s  as a c o g n i t i v e  p r o c e s s  h as been s t u d i e d  e x t e n s i v e l y  

(Jacques. 1964). It inv o l v e s  h i g h l y  d e v e l o p e d  medical 

taxonomy. large k n o w l e d g e  base, a n d  e x p e r i e n c e d  e x p e r t s  in 

the d o m a i n  w i t h  s u p e r i o r  performance. Also the p r o b l e m  

s o l v i n g  found in the d o m a i n  is r e p e t i t i v e  w h i c h  m a k e s  it more 

i n t e r e s t i n g  for investigation. A p p l i c a t i o n s  s u c h  as these 

put AI r e s e a r c h  of " k n o w l e d g e  e n g i n e e r i n g "  as real w o r t h w h i l e  

t e c h n i q u e s  to c o n f r o n t  w o r t h w h i l e  real world problems.

1-23

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

IN T R O D U C T IO N

Several AI medi c a l  a p p l i c a t i o n s  p r o g r a m s  we r e  d e v e l o p e d  

one e x a m p l e  is M Y C I N  syst e m  (Shortliffe, 1976) which was 

d e s i g n e d  to p r o v i d e  c o n s u l t a t i o n  on d i a g n o s i s  of i n f e c t i o u s  

disease. M Y C I N  i n t e r v i e w s  the d o c t o r  a b o u t  the p a t i e n t  

condition, c o l l e c t i n g  i n f o r m a t i o n  from w h i c h  it infers the 

d i a g n o s i s  and s e l e c t s  an a p p r o p r i a t e  therapy.

1 . 1 . 3 . 2 . 3  A U T O M A T I C  P R O G R A M M I N G  A P P L I C A T I O N S  (AP) -

P r o g r a m m i n g  c a n  be d e f i n e d  a s  the p r o c e s s  of s p e c i f y i n g  

for the c o m p u t e r  what to do. T h e  s i m p l e s t  form of m a c h i n e 

p r o g r a m m i n g  is c o d i n g  an a l g o r i t h m  in terms of its p r i m i t i v e s  

of addition. m u l t i p l i c a t i o n ,  s u b t r a c t i o n  a n d  division. T he 

i n t r o d u c t i o n  of compilers, p r o g r a m  p r i m i t i v e s  a nd code, 

b r o u g h t  p r o g r a m m i n g  c l o s e r  to the h u m a n  level. T he 

d e v e l o p m e n t  of c o m p i l e r s  was the first st e p  t o w a r d s  CAP). 

The first F O R T R A N  c o m p i l e r  was c a l l e d  " a u t o m a t i c  p r o g r a m m i n g  

", ( B a c k u s , 1958). At the p r a c tical level AP o b j e c t i v e  is to 

help p r o g r a m m e r s  to write programs. So m e  c o n t e n d  that AP 

will s p a r e  p r o g r a m m e r s  the c h o r e  of p r o g r a m m i n g  (Biermann. 

1976). O t h e r s  c o n t e n d  that AP h e l p s  the p r o g r a m m e r  do part 

of the p r o g r a m m i n g  task. Yet a n o t h e r  vi e w  of AP s t a t e s  that 

the c o m p u t e r  w r i t e s  its own p r o g r a m s  (Heidron, 1977).
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A u t o m a t i c  p r o g r a m m i n g  research in a ny c a s e  r e f e r s  to 

a s s i s t i n g  p r o g r a m m e r s  to d e v e l o p  programs. All of these 

s y s t e m s  c a n  be c h a r a c t e r i z e d  by: a s p e c i f i c a t i o n .  a target

language, a p r o b l e m  area a nd an approach.

S p e c i f i c a t i o n s  are d o n e  through the use of h i g h e r  level

l a n guages su c h  as C O B O L  or FORTRAN. T he s y n t a x  a nd s e m a n t i c s

of t hese s p e c i f i c a t i o n s  a re fixed and u n a m b i g u o u s .  O t h e r

s p e c i f i c a t i o n  m e t h o d s  a r e  by " e x ample" in w h i c h  e n o u g h

e x a m p l e s  a re g i v e n  so that the AP s y s t e m  c an c o n s t r u c t  the 

r eq u i r e d  program. Natural language s u c h  as E n g l i s h  is also 

used as a means of p r o g r a m  s p e c i f i c a t i o n s .  T h i s  m e t h o d  is 

u s u a l l y  interactive.

T a rget lan g u a g e  s u c h  as LISP or GP S S  w o u l d  be fed 

e x a m p l e s  and then are e x p e c t e d  to p r o d u c e  a p r o g r a m  w r i t t e n  

in LISP or GPSS. T h e  e x a m p l e s  he r e  s e r v e  as the m e a n s  of 

telling the p r o g r a m  what we want it to do and from w h i c h  the 

AP s y s t e m  w o u l d  p r o d u c e  the final program.

The p r o b l e m  ar e a  is a n o t h e r  c h a r a c t e r i s t i c  of AP 

systems. An AP s y s t e m  c o v e r s  a c e r t a i n  s c o p e  of the 

a p p l i c a t i o n  area s u c h  as payroll. personnel. in v e r t o r y  

control a nd so on. T h i s  influ e n c e s  the AP s y s t e m  a p p r o a c h  of 

p r o d u c i n g  the final program.
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T h e  m e t h o d  of o p e r a t i o n  i n d i c a t e s  the a p p r o a c h  t aken by 

the AP system. Th i s  could be t h e o r e m  proving* p r o g r a m  

t r a n s f o r m a t i o n ,  k n o w l e d g e  e n g i n e e r i n g  or t r aditional p r o b l e m 

solving.

An e x a m p l e  of AP is the PS I s y s t e m  of AP d e v e l p e d  by 

Cordell G r e e n  at S t a n f o r d  U n iversity. T h e  s y s t e m  d e a l s  with 

p r o g r a m s  in the general c l a s s  of s y m b o l i c  c o m p u t a t i o n  of list 

p r o c c e s s i n g .  s e a r c h i n g  and sorting. d a t a  s t o r a g e  and 

r etrieval and c o n c e p t  formation. It is c o m p o s e d  of a se t  of 

k n o w l e d g e  ba s e  r o u t i n e s  that p e r f o r m  all these s y m b l i c  

c o m p u t a t i o n  functions.

1 . 1 . 3 . 2 . A E D U C A T I O N  -

T h e  goal of c o m p u t e r  a p p l i c a t i o n s  in e d u c a t i o n  is the 

use of the c o m p u t e r  to interact d i r e c t l y  wi t h  the s t u d e n t  or 

learner, rather than to a s s i s t  the teacher. S c i e n t i s t s  ha v e  

u s e d  t h r e e  a p p r o a c h e s  in their e f f o r t s  to try to reach the 

s t a t e d  objective.

T h e  first a p p r o a c h  a l l o w e d  the s t u d e n t  a " free-style" 

use of the computer. (Abelson a nd diSesea. 1981). Learning, 

it is conj e c t u r e d .  takes p l a c e  as a s i d e  e f fect of 

p r o g r a m m i n g  the computer. S t u d e n t s  e m p l o y  la n g u a g e s  that are 

fairly s i m p l e  to use like "LOGO" to p r o g r a m  subj e c t  m a t t e r
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p r o b l e m s  and in the p r o c e s s  learn the s u b j e c t  material, 

p r o b l e m  s o l v i n g  techniques* and general s t r a t e g i e s .  T he 

s e c o n d  a p p r o a c h  reli e s  upon c o m p u t e r  s i m u l a t i o n s  as 

in s t r u ctional media. T he s t u d e n t  i n t e racts w i t h  t he c o m p u t e r  

to p e r f o r m  experiments. T h e  s i m u l a t i o n  c o u l d  be for e x a m p l e  

that of O h m ’s Law of elec t r i c i t y *  B o y l e ' s  L au of gases* 

m o d e l s  of p o p u l a t i o n  g r o w t h  or any p r o c e s s  that can be 

m o d e l e d  a nd simulated. L e a r n i n g  in this c a s e  is the side 

e f f e c t  k n o w l e d g e  or e x p e r i e n c e  gain e d  thro u g h  c o n d u c t i n g  such 

s i m u l a t e d  e x p e r i m e n t s  u s i n g  a computer. The t hird a p p r o a c h  

of c o m p u t e r  a p p l i c a t i o n s  in e d u c a t i o n  is the use of com p u t e r 

a s s i s t e d  instruction* ( C A I ) or c o m p u t e r  b a s e d  instruction* 

(CBI). T h e  terms CAI a n d  CBI a re used inte r c h a n g e a b l y *  the 

d i f f e r e n c e  b e t w e e n  them is very subtle. The CAI approach* 

u n l i k e  the first two* h as the o b j e c t i v e  of c o n t r o l l i n g  the 

lea r n i n g  process. (Howe. 1973). It is in this area. CAI. 

that the a p p l i c a t i o n  of AI research is c o n c e n t r a t e d .  An 

e x a m p l e  of su c h  an a p p l i c a t i o n  is the WHY t u t o r i n g  system. 

(Steven. Collins* Golden* 1978). T h e  WHY s y s t e m  is an 

i n t e l l i g e n t  c o m p u t e r  a s s i s t e d  i n s t r u c t i o n s  s y s t e m  ICAI w h i c h 

u s e s  S o c r a t i c  t u t o r i n g  heuristics. (see R e v i e w  Of the 

L i t e r a t u r e  Chap t e r  for d e t a i l e d  d e s c r i p t i o n  of ICAI s y s t e m s  

that h a v e  be e n  d e v e l o p e d  a nd tested).

C o m p u t e r  A s s i s t e d  I n s t r u c t i o n s  (CAI) t e c h n i q u e s  have 

be e n  a r o u n d  for sometime. Though, they h a v e  m a d e  impact* 

they h a v e  not b e e n  sat i s f a c t o r y .  E f f e c t i v e  i n s t r u c t i o n
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r e q u i r e s  that a s t u d e n t  learns uh a t  is taught. Human

i n s t r u c t o r s  a r e  e x t r e m e l y  skilful and there is little 

e v i d e n c e  that e x i s t i n g  CAI S y s t e m s  o u t - p e r f o r m  them in 

t r a n s f e r i n g  k n o w l e d g e  a nd s k i l l s  to students. T h e r e  are 

three m a i n  reasons for this situation. First, the human 

t eac h e r  h as k n o w l e d g e  of individual s t u d e n t s  that c a n  be 

refi n e d  a nd built on. He m a i n t a i n s  an internal model of what 

a s t u d e n t  knows. CAI s y s t e m s  may record wh a t  tra i n i n g  a 

s t u d e n t  ha s  received, but this is not the s a m e  as h a ving an 

idea of what the s t u d e n t  knows. Second. h u m a n  teachers

u n d e r s t a n d  the s u b j e c t  they a re teaching. T h e y  a r e  ab l e  to 

a n s w e r  q u e s t i o n s  about the s u b j e c t  a n d  s o l v e  p r o b l e m s  in the

s u b j e c t  domain. C o n v e n t i o n a l  CAI s y s t e m s  do not ha v e  real

s u b j e c t  underst a n d i n g .  Third, a n a l y s i s  of teacher student 

i n t e r a c t i o n s  reveals that a m i x e d  initia t i v e  d i a l o g u e  occurs, 

that is. a d i a l o g u e  in which the teacher or s t u d e n t  at any 

m o m e n t  h a s  the i n i t i a t i v e  or control. CAI. on the other 

hand, is g e n e r a l l y  mo r e  a u t h o r i t a r i a n  in approach, relega t i n g  

the s t u d e n t  to a p a s s i v e  role of a n s w e r i n g  questions.

1.1.4 C O N T E N T S

T h i s  c h a p t e r  (Chapter I) p r e s e n t e d  the s t a t m e n t  and the 

s c o p e  of the p r o b l e m  under study. It a l s o  o u t l i n e d  the 

b a c k g r o u n d  n e eded to c a r r y  out this research. C h a p t e r  two 

c o n t a i n s  a review of ICAI s y s t e m s  that ha v e  be e n  d e v e l o p e d  

and t e s t e d  in W e s t e r n  cultures. M e t h o d o l o g y  is p r e s e n t e d  in

1-28

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

IN T R O D U C T IO N

c h a p t e r  three where limitations. assumptions. research 

i n s t r u m e n t s  and p r o c e d u r e s  are discussed. F i n d i n g s  are 

pr e s e n t e d  in chap t e r  four and i n t e r p r e t a t i o n s  and 

s i g n i f i c a n c e  a re d i s c u s s e d  in c h a p t e r  five.
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C H A P T E R  2 

R E V I E W  OF L I T E R A T U R E

2.1 R E V I E W  OF L I T E R A T U R E

R e s e a r c h e r s  ha v e  be e n  looking into w a y s  of u B i n g  the 

c o m p u t e r  as an instructional tool. When i n v e s t i g a t i n g  

c o m p u t e r  a p p l i c a t i o n s  in e d u c a t i o n  on e  m u s t  look at v a r i o u s  

m o d e l s  of learning, c o m p u t e r  b a s e d  instruction, p s y c h o l o g y  of 

l e arning and the theory from w hich t h e s e  m o d e l s  are derived.

T h e r e  are two a r e a s  one must e x a m i n e  wh e n  d e a l i n g  with 

the a p p l i c a t i o n s  of the c o m p u t e r  in e d u c a t i o n .  T he first 

c o v e r s  the p r o c e s s e s  of learning a nd lea r n i n g  p s y c h o l o g y  

w h i c h  a r e  b a s e d  in c o g n i t i v e  science, a n d  the s e c o n d  c o v e r s  

c o m p u t e r  b a s e d  i n s t r u c t i o n s  t e c h n i q u e s  w h i c h  a re b a s e d  in 

c o m p u t e r  science.

2.1.1 L E A R N I N G

T h e  q u e s t i o n  that we must ask wh e n  u s i n g  the c o m p u t e r  as
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an instructional tool is* c an s t u d e n t s  learn from the 

c o m p u t e r ?  Put in a n o t h e r  way. can the c o m p u t e r  teach very 

much like a "teach e r " ?  In a way we are s a y i n g  c a n  the 

c o m p u t e r  replace the t e a c h e r ?  To a n s w e r  these q u e s t i o n s  we 

must look at the p r o c e s s  of learning and the r e l a t i o n s h i p

b e t w e e n  teacher and student.

Wilson. (1978) a s s u m e s  that there is a traditional 

s t u d e n t - t e a c h e r  r e l a t i o n s h i p  or i n t e r a c t i o n  in his d i s c u s s i o n  

of the ped a g o g y  of learning. This traditional i n t e r a c t i o n  is 

based on the lecture m e thod of instruction. The teacher

"fills the s t u d e n t ’s bucket" with the required verbal 

knowledge. Wilson also s u g g e s t s  that t e a c h e r s  and 

a d m i n i s t r a t o r s  "modify a nd innovate w h e r e  appropriate". This 

does not mean an u n p l a n n e d  or random a p p r o a c h  to education.

H owe v e r  many of the p r o b l e m s  of e d u c a t i o n  are c a u s e d  by a

strict a p p l i c a t i o n  of the lecture m e t h o d  a nd r e l i a n c e  on 

verbal information. If the pedagogical m e t h o d o l o g y  s t r e s s e s  

k n o w l e d g e  alone. the a m o u n t  of learning that o c c u r s  is less 

than optimal. S t u d e n t s  must learn to synthesize, a n a l y z e  and 

evaluate. It is not e n o u g h  to learn on l y  the knowledge.

T h e  word "Pedagogy" is derived from the Greek. It m e a n s 

"Child leading". C o l l e g e  s t u d e n t s  are no longer c h i l d r e n  to 

be lead. T h e r e f o r e  m o d e l s  based on p e d a g o g y  may be 

i n a p p r o p r i a t e  for those d i s c i p l i n e s  that requ i r e 

p r o b l e m - s o l v i n g  a b i l i t i e s  with a b i l i t i e s  to synthesize, 

a n a l y z e  and evaluate. B e c a u s e  u n i v e r s i t y  s t u d e n t s  a re more
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like a d u l t s  they s h o u l d  be w o r k i n g  at the formal o p erational 

levels (Piaget* 1981; Fischer* 1982). S u c h  s t u d e n t s  have 

d i f f e r e n t  d e v e l o p m e n t a l  c h a r a c t e r i s t i c s ,  c o g n i t i v e  goals, and 

i n f o r m a t i o n  p r o c e s s i n g  s t y l e s  than p r e - a d o l e s c e n t s .

V y g o t s k y  (1978) s t a t e s  that the l e a r n e r  m u B t  p l a y  an 

a c t i v e  part in the lea r n i n g  p r o c e s s  if w e  d e s i r e  an e f f e c t i v e  

and e f f i c i e n t  e d u c a t i o n a l  system. Em p i r i c a l  o b s e r v a t i o n  by 

P i a g e t  (1970) a nd F i s c h e r  (1980) c o n f i r m s  the d e s i r a b i l i t y  of 

a c t i v e  learning. T he l i t e r a t u r e  of m a n a g e m e n t  and h u m a n  

o r g a n i z a t i o n a l  b e h a v i o r  (Hertzberg, 1966; Maslow, 1970; 

P o r t e r  and Lawler* 1968 ; Vroom* 1964) s t a t e s  that p e o p l e  

p l a y  a n  a c t i v e  role in d e t e r m i n i n g  their level of motivation.

S i n c e  S c h o o l s  and school s y s t e m s  are h u m a n  

o r g a n i z a t i o n s .  ea c h  "player'1 m  the e d u c a t i o n a l  "game" h as a 

role* or s e v e r a l  s i m u l t a n e o u s  roles to play. T h e s e  roles 

form a set of e x p e c t e d  b e h a v i o r s  and m e c h a n i s m s  for d e a l i n g  

wi t h  m a i n t e n a n c e  a n d  m o t i v a t i o n  factors that relate to the 

a c h i e v e m e n t  of e d u c a t i o n a l  objectives.

Owens* (1981) b e l i e v e s  that e x p e c t a n c y  theory (Vroom* 

1964; P o r t e r  and Lawler* 1968) e x p l a i n s  that t he e f fort one 

pu t s  into wo r k  d e p e n d s  upon:

1. T h e  v a l u e  an individual p l a c e B  on the e x p e c t e d  intrinsic 

a nd e x t r i n s i c  rewards.

2-3

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

REVIEW OF LITERATURE

2. T he likelihood that the reward a c t u a l l y  will be received 

if the e f f o r t  to reach the goal is made.

If this is true, and research a l r e a d y  c i t e d  indicates 

that it is. then individual s t u d e n t s  must possess:

1. T h e  n e c e s s a r y  a b i l i t i e s  and traits.

2. An a c c u r a t e  p e r c e p t i o n  of the s t u d e n t ’s role to back up 

the e f f o r t  and to p r o d u c e  intended educational outcomes.

S i n c e  u n i v e r s i t y  s t u d e n t s  are more like a d u l t s  than 

c h i l d r e n  t h e r e  are many d i f f e r e n c e s  in h u m a n  information

p r o c e s s i n g  s t y l e  and learning style that must be consid e r e d  

when we p r e p a r e  a c o m p u t e r  pro g r a m  for t eaching and learning. 

Lippitt. (1983) c o n f i r m s  that learning is a d i f f e r e n t  process 

for c h i l d r e n  and adults. This s t u d y  e s t a b l i s h e s  the

f o l lowing c h a r a c t e r i s t i c s  of adult learning for our p urposes  

of the c o m p u t e r  a p p l i c a t i o n s  of AI to educat i o n :

1. A d u l t s  learn what they feel a need to learn.

2. A d u l t s  learn best by doing.

3. A d u l t s  w a n t  to know how well they are d o i n g  and why 

< f e e d b a c k ).
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4. A d u l t s  learn best thro u g h  p r o b l e m  solving.

5. A d u l t s  p r e f e r  an infor m a t i o n  l earning e n v i r o n m e n t .

T h e s e  c o n d i t i o n s  a re c o n s i s t e n t  w i t h  goal d i r e c t e d  a nd 

c o n s e q u e n t  e d u c a t i o n a l  a c h i e v e m e n t  o r i e n t e d  behavior. Th e y 

are a l s o  c o m p a t i b l e  with an intrinsic m o t i v a t i o n  paradigm.

But on e  m ay ask just h o w  does the u s e  of CA1 p r o g r a m s  

help s t u d e n t s  a c h i e v e  their goals?. T he a n s w e r  to this 

q u e s t i o n  as e s t a b l i s h e d  b y  the l i t e r a t u r e  is that the 

c o m p u t e r  h e l p s  s t u d e n t B  a c h i e v e  their e d u c a t i o n a l  g o a l s  by 

r e q u i r i n g  a c t i v e  p a r t i c i p a t i o n  in the lea r n i n g  process. Self 

d i r e c t e d  l e a r n i n g  a c t i v i t i e s  u s i n g  " i n t e l l i g e n t ” c o m p u t e r s  

can be an integral pa r t  of t he a d u l t  e d u c a t i o n  model. (Liao. 

1978). The s t u d e n t  i n t e r a c t i o n  with the " i n t e l l i g e n t "  

c o m p u t e r  and r e s ultant self d i r e c t e d  l e a r n i n g  lead to 

in c r e a s e d  achi e v e m e n t .

I n t e r a c t i o n s  wi t h  the c o m p u t e r  s h o u l d  be self directed. 

P e o p l e  w ho u s e  c o m p u t e r s  know that the individual mu s t  take 

a n  a c t i v e  role in "working" w i t h  the machine. It is also 

s i g n i f i c a n t  that the s t u d e n t  m ay e l e c t  w h e n  to i n t e r a c t  and 

when to learn. S t u d e n t s  are also ab l e  to select. at their 

option. the time a nd d u r a t i o n  of lessons. Th i s  f l e x i b i l i t y  

of self d i r e c t e d  learning is the c o r e  of the a d u l t  model of 

t e a c h i n g / l e a r n i n g .
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2. 1 . 2  A P P L I C A T I O N S  OF A R T I F I C I A L  INTELLIGENCE R E S E A R C H  IN 

E D U C A T I O N

A p p l i c a t i o n s  of the c o m p u t e r  in e d u c a t i o n  h a v e  been 

under d e v e l o p m e n t  s i n c e  1960. C o m p u t e r s  are used to p r o c e s s  

admissions, s t u d e n t  registration. g r a d i n g  tests a n d  as a 

t e aching aid. The main a p p l i c a t i o n  howe v e r  has been in using 

the c o m p u t e r  to interact d i r e c t l y  with the student, not as a 

t eacher assistant. S c i e n t i s t s  h a v e  used m a i n l y  three 

a p p r o a c h e s  in the d e v e l o p m e n t  of c o m p u t e r  a p p l i c a t i o n s  to the 

learning process.

L e a r n i n g  as a si d e  e f fect of p r o g r a m m i n g  the c o m p u t e r  to 

solve p r o b l e m s  is c a l l e d  the "ad-lib" a p p r o a c h  w h i c h  h a s  been 

t yp i f i e d  by Seym o u r  P a p e r t ’s "LOGO" laboratory. T h i s  model 

of learning a l l o w s  the s t u d e n t  a "free-use" of the machine. 

Th i s  method, it is conjectured, e n a b l e s  the s t u d e n t  to learn 

as a result of or a "by- p r o d u c t "  of w o r k i n g  with t o o l s  that 

are d e s i g n e d  to suggest good p r o b l e m - s o l v i n g  s t r a t e g i e s  to 

the student.

The s e c o n d  a p p r o a c h  to d e v e l o p i n g  c o m p u t e r  a p p l i c a t i o n s  

instructional tools uses g a m e s  and simulations. An 

i n t e r a c t i v e  learning e n v i r o n m e n t  is c r e a t e d  in w h i c h  the 

s t u d e n t  is allo w e d  to r o l e-play wi t h  the vi e w  to e x p e r i m e n t  

with d i f f e r e n t  c o u r s e s  of a c t i o n  in p a r t i c u l a r  c i r cumstances,  

then e x a m i n i n g  o u t c o m e s  of s u c h  actions. G e n e r a l l y  speaking.
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s i m u l a t i o n s  a r e  d o n e  through the use of m o d u l e s  w h i c h 

a p p r o x i m a t e  reality. (Payne. H utchings. a n d  Ayre. 1980). 

P r o p o n e n t s  of the s i m u l a t i o n  a p p r o a c h  to l e a r n i n g  c o n t e n d  it 

to b e  a pow e r f u l  m o t i v a t o r  of learning.

The t hird a p p r o a c h  and the one w h i c h  d r a w s  the a t t e n t i o n  

of r e s e a r c h e r s  the most. is the C o m p u t e r  A s s i s t e d  

I n s t r u c t i o n s  T echnique. Th i s  model a t t e m p t s  to control the 

learning process. ( H o w e . 1973). The c o m p u t e r  is p r o g r a m m e d  to 

attempt, g e n e r a l l y  at an e d u c a t i o n a l l y  r o u t i n e  level a nd for 

a s h o r t  p e r i o d  of time. to take over a role w h i c h  might  

o t h e r w i s e  be p l a y e d  by a tutor. T he c o m p u t e r  "asks" 

q u e s t i o n s  w h i c h  s t u d e n t s  atte m p t  to a n s w e r  by e n t e r i n g  a 

r e s p o n s e  d i r e c t l y  into the computer. T h e  s t u d e n t  ge t s  

i m m e d i a t e  " f e e d b a c k ” .

T he goal of CAI is to p r o d u c e  i n s t r u c t i o n a l  tools 

(Computer P r o g rams) that i n c o r p o r a t e  well p r e p a r e d  c o u r s e  

material in l e s s o n s  that ar e  o p t i m i s e d  for e a c h  learner. CAI 

p r o g r a m s  h a v e  been t r a d i t i o n a l l y  e i t h e r  e l e c t r o n i c  

" f r a m e - t u r n e r s " .  w h i c h  d i s p l a y e d  p r e p a r e d  text, or drill a nd  

p r a c t i c e  monitors, w h i c h  d i s p l a y e d  q u e s t i o n s  a n d  r e s p o n d e d  to 

s t u d e n t s  a n s w e r s  u s i n g  p r e s t o r e d  a n s w e r s  a nd remedies.

S i n c e  the e a r l y  seventies, r e s e a r c h e r s  h a v e  b e e n  trying  

to find mo r e  e ffective, more " i n t e l l i g e n t "  w a y s  of p r e p a r i n g  

c o u r s e  m a t e r i a l s .  Th i s  is also the a r e a  w h e r e  this r esearch  

is c o n d u c t i n g  this i n v e s t i g a t i o n  to e s t a b l i s h  the
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e f f e c t i v e n e s s  of intel l i g e n t  a p p l i c a t i o n s  of CAI.

A p p l i c a t i o n s  of AI techn i q u e s  to make Intelligent 

C o m p u t e r  A s s i s t e d  Instructions (CAI) p r o g r a m s  ha v e  been 

d e v e l o p e d  to represent the c o urse mat e r i a l  i n d e p e n d e n t l y  of 

t e a c h i n g  procedures. T h i s  way p r o b l e m s  a nd remedial c o m m e n t s  

c o u l d  be tailored to each s t u d e n t ’s  needs. ICAI p r o g r a m s  are 

s e n s i t i v e  to a s t u d e n t ’s strength, w e a k n e s s e s  and p r e f e r e d  

l e arning s t y l e  and are the subject of review in this chapter.

2 .1.2.1 INTELLIGENT CAI S Y S T E M S  (ICAI) -

Th e r e  are several ICAI syst e m s  that were d e v e l o p e d  and 

tested s i n c e  the e a r l y  seventies. R e s e a r c h  is c o n t i n u i n g  in 

this area. A p p l i c a t i o n s  of AI to CAI are the c o m p u t e r 

t e c h n o l o g y  in education. the focus of the ICAI s y s t e m s  

d e s c r i b e d  in this chapter.

The e arly CAI instructional a p p l i c a t i o n s  of the c o m p u t e r  

a d h e r e d  to e s s e n t i a l l y  the same peda g o g i c a l  philosophy. The 

learner w as g i v e n  i n s t ructions a n d  a s k e d  q u e s t i o n s  that 

require brief a n s w e r s  u s u a l l y  online. T he s t u d e n t  w as then 

told if his/ h e r  answer was right or wrong. The a n s w e r s  given 

by a student s o m e t i m e s  d e t e r m i n e d  a "path" through a given 

curriculum. In other w o r d s  the s e q u e n c e  of p r o b l e m s  

p r e s e n t e d  to him will vary d e p e n d i n g  on h is r e s ponses to the
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g i v e n  questions* (Atkinson and Wilson* 1969* Ba r r  and 

A tkinson* 1977). The p r o g r a m  b r a n c h e d  to remedial material 

d e p e n d i n g  on the error a s t u d e n t  made. The a u t h o r  of a  given 

CAI c o u r s e  a t t e m p t s  to a n t i c i p a t e  e v e r y  w r o n g  response* and 

bu i l d s  into it b r a n c h e s  to remedial material which he/she  

c o n c e i v e s  what might c a u s e  a wrong response. The o b j e c t i v e  

of b r a n c h i n g  on the basis of res p o n s e  is the 

i n d i v i d u a l i z a t i o n  of instructions. (Crowder. 1962). This 

s t y l e  of CAI h as been c a l l e d  "ad-hoc". f r a m e - o r i e n t e d  (AFO) 

CAI by Carbonell (1970) to s t r e s s  its d e p e n d e n c e  on 

a u t h o r - s p e c i f i e d  units of information. T h e  S k i n n e r i a n  

s t i m u l u s - r e s p o n s e  p r i n c i p l e s  were u s e d  in the d e s i g n  of 

"ad-hoc" frames. "Steering" the s t u d e n t  through a c u r r i c u l u m  

and the s t r a t e g i e s  us e d  in so m e  "ad-hoc" f r a m e - o r i e n t e d  

p r o g r a m s  have b e c o m e  so c o m p l e x  and i n c o r p o r a t e d  learning 

theory of m a t h e m a t i c a l  psychology. S o m e  of t h e s e  s y s t e m s  are 

a v a i l a b l e  c o m m e r c i a l l y  a nd have be e n  u s e d  suc c e s s f u l l y .

It s e e m s  e v e n  w i t h  the w i d e  s p r e a d  u se of AFO p r o g r a m s  

and their r e l a t i v e  success, ma n y  r e s e a r c h e r s  reject them as 

the be B t  use of com p u t e r  t e c h n o l o g y  in e d u c a t i o n :

"In m o s t  CAI s y s t e m s  of the AFO type. the c o m p u t e r  does 

li ttle m o r e  than what a p r o g r a m m e d  tex t b o o k  c a n  do. a n d  one 

may w o n d e r  why the m a c h i n e  is us e d  at all... wh e n  t eaching  

s e q u e n c e s  are e x t r e m e l y  simple, p e r h a p s  trivial, one should  

c o n s i d e r  doing away wi t h  the computer. and using other
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d e v i c e s  or t e c h n i q u e s  mo r e  related to the task." (Carbonell. 

1970b)

Ca r b o n e l l  defi n e s  a s e c o n d  type of CAI w h i c h  is d e s c r i b e d  

today as k n o w l e d g e - b a s e d  or Intelligent CAI. B o t h  types of 

s y s t e m s  CAI and ICAI represent w i t h i n  them the s u b j e c t  matter 

they teach. but ICAI s y s t e m s  are d i s t i n g u i s h e d  by the 

t e c h n i q u e  of c a r r y i n g  on a d i a l o g u e  with the s t u d e n t  and use 

the s t u d e n t ’s m i s t a k e s  to d i a g n o s e  his misconceptions.

T he first uses of AI t e c h n i q u e s  in CAI s t r e s s e d  p r o b l e m  

g e n e r a t i o n  from a large data base which r e p r e s e n t e d  the 

s u b j e c t  matter. (Koffman and B 1 o u n t . 1975). Carbonell. 

However. d e s c r i b e d  wh a t  uas to be more than just a prob l e m 

generator. It was to be a c o m p u t e r  tutor that has the 

in d u c t i v e  and r e a s o n i n g  power of its human counterpart. In 

other words it w as to ha v e  the q u a l i t i e s  of a human 

"teacher". Brown. (1977) e n v i s i o n e d  an ICAI p r o g r a m  which he  

c a l l s  "r e a c t i v e  lea r n i n g  environment", in w h i c h  the s t u d e n t  

is a c t i v e l y  e n v o l v e d  wi t h  the instructional s y s t e m s  and the 

tutorial d i a l o g u e  is d r i v e n  by the s t u d e n t ’s i n t erests and 

misconc p t i o n s .  T h i s  goal was s t a t e d  by other r e s e a r c h e r s 

t r y i n g  to w r i t e  CAI p r o g r a m s  that e x t e n d  the t e a c h i n g  medi u m  

b e y o n d  the limits of frame or pa g e  turning:

" O f t e n  it is not s u f f i c i e n t  to tell a s t u d e n t  he is w rong  

and indicate the c o r r e c t  s o l u t i o n  method. An
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i n t e l l i g e n t  CAI s y s t e m  s h o u l d  be a b l e  to m a k e  h y p o t h e s i s  

b a s e d  on a s t u d e n t ’s error h i B t o r y  as to w h e r e  the

real s o u r c e  of hi s  d i f f i c u l t y  lies". (Koffman and

Blount, 1975).

AI work in n a t u r a l - l a n g u a g e  u n d e r s t a n d i n g ,  kn o w l e d g e  

r e p r e s e n t a t i o n  a nd m e t h o d s  of in f e r e n c e  have been a p p l i e d  by 

r e s e a r c h e r s  in m a k i n g  CAI p r o g r a m s  m o r e  intel l i g e n t  and 

e ffective. B e n c h m a r k  e f f o r t s  include SOPHIE, the e l e c t r o n i c 

t r o u b l e s h o o t i n g  tutor of B r o w n  and Burton, SCHOLAR, the 

g e o g r a p h y  tutor of Carbonnel and C o l l i n s  a n d  other tutors 

d e s c r i b e d  in this chapter. ICAI p r o g r a m s  a re d i f f e r e n t  from 

the m o s t  s o p h i s t i c a t e d  CAI programs:

" T h e  tradi t i o n a l  a p p r o a c h e s  to this p r o b l e m  u s i n g  d ecision 

theory a nd s c h o l a s t i c  l e arning m o d e l s  h a v e  reached a dead end 

d ue to their o v e r s i m p l i f i e d  r e p r e s e n t a t i o n  of learning ... 

It a p p e a r s  w i t h i n  reach of AI m e h t o d o l o g y  to d e v e l o p  CAI 

s y s t e m s  that act mo r e  like human t e a c h e r s . "  ( L a u b s c h , 1975).

H o w e v e r  a g o o d  teacher must kn o w  what the s t u d e n t  is doing 

not ju s t  wh a t  h e / s h e  is s u p p o s e d  to do. S o m e  AI p r o g r a m s  do 

em p l o y  s o m e t i m e s  very powerful p r o b l e m - s o l v i n g  m e t h o d s  that 

do n ot r e s e m b l e  those of humans. CAI r e s e a r c h e r s  ha v e  used 

t e c h n i q u e s  of r e p r e s e n t i n g  the sub j e c t  d o m a i n  e x p e r t i s e  which 

ma d e  t he i n f e r e n c e  p r o c e d u r e s  less powerful in order to make
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them follow h u m a n  r e a s o n i n g  p a t t e r n s  and to m a k e  the line of 

r e a soning mo r e  u n d e r s t a n d a b l e  to the s t u d e n t  and to model 

h i s / h e r  p r o b l e m - s o l v i n g  mo r e  closely. (Goldberg. 1973; S m i t h

1976). A s e c o n d  phase in the d e v e l o p m e n t  of ICAI Bystems, in 

the mid 1970s. was c h a r a c t e r i z e d  by the in c l u s i o n  of 

additional e x p e r t i s e  in the s y s t e m s  re g a r d i n g  the s t u d e n t s ’ 

learning b e h a v i o r  and by the tutoring s t r a t e g i e s  us e d  (Brown 

and Goldstein. 1977). AI t e c h n i q u e s  m o d e l e d  the learner by 

r e p r e s e n t i n g  his k n o wledge in terms of s k i l l s  that a re to be 

learned. (Barr and Atkinson. 1977). S o m e  ICAI programs, of 

w hich so m e  are d e s c r i b e d  here, are now u sing AI t e c h n i q u e s  

that represent e x p l i c i t l y  those strategies.

2 . 1 . 2 . 2  ICAI S Y S T E M S  D E S I G N  -

R e s e a r c h e r s  d e sign ICAI s y s t e m s  u sing the f o l l o w i n g  main 

c o m p o n e n t s :

1. P r o b l e m - s o l v i n g  e x p e r t i s e  or the k n o w l e d g e  p r e s e n t e d  to 

the student.

2. A stud e n t  model or the level of k n o w l e d g e  the s t u d e n t  ha s 

reached. What he/ sh e  knows.
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3. T u t o r i n g  s t r a t e g i e s  or the m e t h o d  of info r m a t i o n

p r e s e n t a t i o n  to the s t u d e n t ?  (Self. 1974).

ICAI s y s t e m s  do not c o n c e n t r a t e  on the i n c o r p o r a t i o n  of 

all these c o m p o n e n t s  in their design. R e s e a r c h e r s  have

e n c o u n t e r e d  s o m e  d i f f i c u l t i e s  b e c a u s e  of c o m p l e x i t y  a nd size.

2.1.2.2.1 E X P E R T I S E  M O D U L E  -

The task of the e x pert m o d u l e  of an ICAI is to g e n e r a t e

p r o b l e m s  and to e v a l u a t e  c o r r e c t n e s s  of the s t u d e n t  solution. 

ICAI s y s t e m s  p e r f o r m  these tasks by e m p l o y i n g  procedural 

r e p r e s e n t a t i o n  of d o m a i n  k n o w l e d g e  and t a k i n g  m e a s u r e m e n t s  

and m a k i n g  deductions. K n o w l e d g e  is r e p r e s e n t e d  as

procedural e x p e r t s  of s u b s k i l l s  w h i c h  the s t u d e n t  must learn 

in order to a c q u i r e  the c o m p l e t e  skill b e i n g  taught. (Brown. 

B u r t o n  a nd B e l l . 1974). P r o d u c t i o n  rules (an AI t e c h n i q u e  of 

k n o w l e d g e  r e p r e sentation) have b e e n  e m p l o y e d  in the 

c o n s t r u c t i o n  of m o d u l a r  r e p r e s e n t a t i o n  s k i l l s  an d  p r o b l e m  

s o l v i n g  methods. (Goldstein. 1977; Clancey. 1979). 

" P r o b l e m - s o l v i n g  g r a m m e r s "  have be e n  used a s  r e p r e s e n t a t i o n  

of e x p e r t i s e  of w r i t i n g  c o m p u t e r  programs. (Miller and

Goldstein. 1977). " M u l t i p l e  r e p r e s e n t a t i o n s "  ha v e  al s o  been 

e m p l o y e d  a nd a r e  useful for a n s w e r i n g  s t u d e n t  q u e s t i o n s  and

e v a l u a t i n g  s o l u t i o n s  to a problem. (Brown a n d  Burton. 1978).
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An e x a m p l e  is a s emantic net of facts about a com p u t e r  

p r o g r a m  and a s s o c i a t e d  p r o c e d u r e s  s i m u l a t i n g  the functional 

b e h a v i o r  of the program. M u l t i p l e  s i m u l a t i o n s  of a s e r i e s  of 

m o d e l s  for reasoning about the b e h a v i o r  of causal s y s t e m s  was 

e m p l o y e d  by S t e v e n s  and Collins* (1978a).

S o m e  ICAI s y s t e m s  do not e m p l o y  p r o c e d u r e s  for s o l v i n g  

every prob l e m  they po s e  to the student. An e x a m p l e  is the 

S O P H I E  research d e s c r i b e d  e l s e u h e r e  in this chapter. Others* 

like W U M P U S  an d  G U I D O N  s olve pro b l e m s  i n d e p e n d e n t l y  by 

e m p l o y i n g  p r o d u c t i o n - r u l e s  r e p r e s e n t a t i o n  of the d o m a i n  

knowledge. The a b i l i t y  to s o l v e  problems* in any of several 

ways is n e c e s s a r y  if the ICAI p r o g r a m  is to m a k e  a c c u r a t e  

s u g g e s t i o n s  a b o u t  the c o m p l e t i o n  of partial solutions* (Barr 

and Feigenbaum* and Cohen* 1981).

ICAI s y s t e m s  incorporate "art i c u l a t e "  e x p e r t s  that can 

e x p l a i n  e a c h  p r o b l e m - s o l v i n g  d e c i s i o n  which r e s e mbles that of 

a human problem-solver* (Goldstein* 1977). O t h e r s  like 

SOPHIE-I do not mimic human p r o b l e m - s o l v i n g  t e c h n i q u e s  and 

a re "tr a n s p a r e n t "  or "opaque" to the user. W E S T  (described 

in this chapter) is an e x a m p l e  of an "articulate" expert. 

ICAI s y s t e m s  a r e  d i s t i n g u i s h e d  by s e p a r a t i n g  "teach" 

s t r a t e g i e s  from subject matter. T h i s  requires a s t r u c t u r e  

for c a p t u r i n g  the d i f f i c u l t y  of p r o b l e m s  and inter 

r e l a t i o n s h i p s  of c o u r s e  material. T r e e s  have be e n  used as a 

s t r u c t u r e  for s h o w i n g  inte r a c t i o n s  used to o r g a n i z e  new 

k n o w l e d g e  BIP (see this chapter) e m p l o y e d  trees to represent
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" c u r r i c u l u m  net" that rela t e d  t h e  s k i l l s  to be t a ught to 

s a m p l e  p r o g r a m m i n g  tasks w h i c h  tested ea c h  skill (Barr. 

Beard, and Atkinson. 1976). In W U M P U S  r e s e a r c h  (Goldstein. 

1979) u s e d  t rees to r e p r e s e n t  the path a learner t a k e s  in 

a c q u i r i n g  n ew skills. C u r r i c u l u m  u n i t s  c a l l e d  "issues" we r e  

e m p l o y e d  by B r o w n  and B u r t o n  (1978) to e x c e r c i s e  a r i t h m e t i c  

s k i l l s  in WEST. T h e s e  "issues" used a r i t h m e t i c  o p e r a t i o n s  

and s t r a t e g i e s  at d i f f e r e n t  levels for im p r o v i n g  p e r f o r m a n c e . 

B u r t o n  a nd B r o w n  s t a t e  that w h e n  s k i l l s  a re " s t r u c t u r a l l y  

i n d e p e n d e n t "  their order of p r e s e n t a t i o n  is not crucial and 

is useful in m o d e l i n g  a s t u d e n t s  knowledge. Stevens. C o l l i n s  

and G o l d i n  (1978) cont e n d  that a good human tutor d o e s  n ot go 

t h r o u g h  a p r e d e t e r m i n e d  n e t w o r k  of k n o w l e d g e  for m aterial to 

present. rather he c a p i t a l i z e s  on the m i s c o n c e p t i o n  of the 

s t u d e n t  in order to p r o d u c e  a l e a r n i n g  dialogue.

2 . 1 . 2 . 2 . 2  THE S T U D E N T  M O D E L  -

ICAI s y s t e m s  model the s t a t e  of u n d e r s t a n d i n g  of the 

material to be taught to the student. T he model m a k e s  

a s s u m p t i o n s  a b o u t  the s t u d e n t ’s m i s c o n c e p t i o n  and s u b o p t i m a l  

p e r f o r m a n c e .  T h u s  it can s u g g e s t  corrections, p o i n t  out 

w eakn e s s e s ,  and reasons why they are wrong. T h e  s y s t e m  

s h o u l d  al s o  be a b l e  to h a v e  a l t e r n a t i v e  p r o b l e m  solutions. 

T he s t a t e  of u n d e r s t a n d i n g  of the material by the s t u d e n t  is
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m o d e l e d  u sing a v a r i e t y  of AI t e c h n i q u e s  of m o d e l i n g  the 

s t u d e n t  knowledge.

S t u d e n t  k n o w l e d g e  may be m o d e l e d  by s i m p l e  p a t t e r n

r e c o g n i t i o n  d e r i v e d  for stud e n t  res p o n s e  h i s t o r y  and 

recording in the rule k n o w l e d g e  base of the s u b j e c t  m a tter 

that the stud e n t  h a s  mastered. ICAI s y s t e m s  form a stud e n t  

model by c o m p a r i n g  h i s / h e r  beh a v i o r  to that of the com p u t e r 

b ased "expert" in the s a m e  environment. An i n d i c a t i o n  of the 

e v i d e n c e  of a s t u d e n t ’s kn o w l e d g e  of material is m a r k e d  by 

the m o d e l i n g  component. Th i s  is known as o v e r l a y  model. ( 

Carr a nd Goldstein. 1977).

A not h e r  way to model student k n o w l e d g e  is to c onsider  

the s t u d e n t  k n o w l e d g e  as "deviation" or "bug" from the 

e x p e r t ’s knowledge. T he S O PHIE a n d  B U G G Y  s y s t e m s  are 

ex a m p l e s  of this technique. (see this chapter). It is 

as s u m e d  he r e  that the s t u d e n t  reasoning is d i f f e r e n t  from

that of the "expert". Goldstein. (1977) s t a t e s  that 

i n formation as e v i d e n c e  of a s t u d e n t ’s model is c o l l e c t e d  and 

c h a r a c t e r i z e d  from:

1. T h e  stud e n t  p r o b l e m - s o l v i n g  behavior, " i m p l i c i t "  to the

s t u d e n t  model.

2. T h e  q u e s t i o n s  a s k e d  of the student. "expli c i t "  to the

s t u d e n t  model.
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3. T h e  s t u d e n t ’s e x p e r i e n c e  or " h i s t o r i c a l "  record.

4. A s s u m p t i o n s  about the d i f f i c u l t y  of the s u b j e c t  matter.

A m a i n  d i f f i c u l t y  e n c o u n t e r e d  by ICAI p r o g r a m s  in inferring 

"i m p l i c i t "  i n f o r m a t i o n  from the s t u d e n t ’s p r o b l e m - s o l v i n g  

b e h a v i o r  is the limited a b i l i t y  of the p r o g r a m  to know the 

s t r a t e g i e s  a p p l i e d  by the student. W h e n  a s t u d e n t ’s b e h a v o i r  

is w r o n g  at the p r e s e n t a t i o n  of the e x p e r t  of a c h a i n  of 

inference. the p r o g r a m  is u n a b l e  to know w h i c h  s t e p s  are 

w r o n g l y  a p p l i e d  by the student. G o l d s t e i n  (1977) p o i n t s  out 

that the s t u d e n t  m o d e l i n g  p r o c e s s  a t t e m p t s  to m e a s u r e  the 

s t u d e n t  lea r n i n g  and to d e c i d e  w h i c h  t e a c h i n g  m e t h o d s  are 

effective. D e m o n s t r a t i o n  of e x t r e m e  b e h a v i o r s  of the 

e x p e r t i s e  of p r o b l e m  s o l v i n g  m i g h t  i n d i c a t e  that the 

r e p r e s e n t a t i o n  in the model do e s  n ot c a p t u r e  the s t u d e n t ’s 

approach. C o n s i d e r a b l e  res e a r c h  is n e e d e d  on this issue.

2 . 1 . 2 . 2 . 3  T U T O R I N G  M O D U L E  -

T h i s  m o d u l e  i n t e g r a t e s  k n o w l e d g e  of the s u b j e c t  area, 

the t e a c h i n g  m e t h o d s  a nd the n a t u r a l - 1 a n g u a g e  dialogues. It 

has the f a l l o w i n g  functions:
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1. C o m m u n i c a t e s  with t he student.

2. S e l e c t s  p r o b l e m s  to solve.

3. M o n i t o r s  and c r i t i c i z e s  his / h e r  performance.

4. P r o v i d e s  a s s i s t a n c e  uhen requested.

5. S e l e c t s  and p r o v i d e s  remedial information.

T u t o r i n g  requires t eaching s k i l l s  w h i c h  require 

k n o w l e d g e  b e yond the m a s t e r y  of the subj e c t  domain. (Brown.

1977). It is k n o w l e d g e  of how to teach. Most ICAI research 

has investigated tea c h i n g  meth o d s  of " d iagnostic modeling". 

This m e thod e v a l u a t e s  the s t u d e n t ’s u n d e r s t a n d i n g  d e r i v e d  

from his response. (Co 11 i n s . 1976; Brown a n d  Burton. 1978; 

K o f f m a n  and Blount. 1975). The p r o g r a m ’s "feedback" 

m e c h a n i s m  is used by the student to learn w h i c h  s k i l l s  he/she 

uses wrongly, p r operly a nd not at all. A More recent trend 

has been to tell the stud e n t  the right thing and then let 

him / h e r  real i z e  his/ her own error and h e n c e  s w i t c h  to a 

be tter method. (Carr a n d  Goldstein. 1977; Brown, and Burton  

1978; Norman. Gentner. a n d  Stevens. 1976). T h i s  new app r o a c h  

c o n c e n t r a t e s  on p o i n t i n g  out the "bug" or e r r o r  ma d e  by the 

s t u d e n t  and also g ives e n o u g h  information to h i m / h e r  to focus 

on the d e v i a t i o n  and a n a l y z e  it so as to avoid and learn from 

h is/ h e r  error.
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A n o t h e r  meth o d  that ICAI s y s t e m s  are using. is to let

the s t u d e n t  d ebug h i s / h e r  own e r r o r  by p r o v i d i n g  him/her

e x p l i c i t  d e b u g g i n g  s t rategies. W r i t t e n  d e b u g g i n g  s t r a t e g i e s

a r e  p r o v i d e d  to the s t u d e n t  a n d  then a n  e x p e r i m e n t  is

c o n d u c t e d  to detect mo r e  rational approach. Brown. Collins.

a nd H a r r i s  (1978) s u g g e s t  an i n t e r a c t i v e  a p p r o a c h  in which
*e x p l i c i t  s t r a t e g i e s  a re g i v e n  to the s t u d e n t  then a test is 

c o n d u c t e d  to detect improvement, then the p r o c e s s  is repeated 

e v e r y  time a r o u n d  m o d i f y i n g  the s t u d e n t  a p p r o a c h  or s t r a t e g y  

until h e / s h e  h as s h o w n  optimal strategy.

" C o a c h i n g "  is a n o t h e r  t e a c h i n g  m e t h o d  w h i c h  h as been

i m p l e m e n t e d  by some ICAI systems. (Goldstein. 1977). This  

m e t h o d  e n c o u r a g e s  the s t u d e n t  by "engag i n g "  him /h e r  in some  

a c t i v i t y  s u c h  as a c o m p u t e r  game. T h e  immediate o b j e c t i v e  is 

to e n t e r t a i n  the student w h i l e  involved in the p r o c e s s  of

c o a c h i n g  and learning as an indirect cons e q u e n c e .  The 

c o m p u t e r  observes, interupts. s u g g e s t s  new s t r a t e g i e s  and 

o f f e r s  n ew i n formation to the studnet. The intelligent

c o m p u t e r  c o a c h i n g  p r o g r a m  is ab l e  to know w h a t  k n o w l e d g e  and 

skill the s t u d e n t  might a c q u i r e  from o b s e r v i n g  h i s / h e r  style 

and p r o v i d e  e f f e c t i v e  ways to " i ntercede" in the g a m e  to 

offer the p r o p e r  advice.

A n o t h e r  teaching m e t h o d  that h a s  been used by ICAI 

s y s t e m s  is the "Socratic method". T h e  s t u d e n t  is e n c o u r a g e d  

to reason a b o u t  what h e / s h e  knows by e n g a g i n g  h i m / h e r  in a 

d i a l o g u e  b a s e d  on real w o r l d  i n t e r a c t i o n s  b e t w e e n  s t u d e n t  and
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teacher. The S o c r a t i c  a p p r o a c h  q u e s t i o n s  the student 

re p e t i t i v e l y  r e q u i r i n g  the s t u d e n t  to p e r s u e  a c e r t a i n  line 

of reasoning. All inter a c t i v e  " m i x e d - i n i t i a t i v e "  tutoring 

d e p e n d s  on s o m e  dialogue, but s o m e  are " i n t r u s i v e "  like the 

Soc r a t i c  a p p r o a c h  and some " n o n - i n t r u s i v e "  su c h  as the 

c o a c h i n g  approach. C o l l i n s  (1976) has i n v e s t i g a t e d  and 

d e s c r i b e d  tea c h i n g  strategies. M o r e  recent ICAI a p p l i c a t i o n  

research has e x p l o r e d  the re p r e s e n t a t i o n  of t h e s e  teaching 

s t r a t e g i e s  as " P r o d u c t i on-rules". T hese t u t o r i n g  rules are 

a r r a n g e d  into p r o c e d u r e s  to c o p e  with v a r i o u s  s i t u a t i o n s  in 

the tutorial dialague. Some of the fu n c t i o n s  of these 

p r o c e d u r e s  are i n t r o d u c i n g  new topics, e x a m i n i n g  s t udents 

misconceptions. r elating inferences. p l a n n i n g  the next 

s t r a t e g y  after the c o m p l e t i o n  of a s u b p r o b l e m  a n d  s u m m e r i z i n g  

a session.

2.1.3 ICAI R e s e a r c h

2.1.3.1 S C H O L A R  -

S C H O L A R  is a " m i x e d - i n i t i a t i v e "  com p u t e r  b a s e d  tutoring 

system. It is built with the following s p e c i f i c a t i o n s :

1. It takes the initi a t i v e  by g e n e r a t i n g  tutorial questions.

2. D e t e r m i n e s  the s t u d e n t s  level of kn o w l e d g e  of the problem 

domain.
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3. I d e n t i f i e s  the s t u d e n t ’s m i s c o n c e p t i o n s .

4. A b l e  to deal with u n a n t i c i p a t e d  s t u d e n t  questions.

5. A b l e  to g e n e r a t e  instructional material at v a r i o u s  levels 

of detail.

6. A b l e  to c o m m u n i c a t e  u s i n g  E n g l i s h  sentences.

S C H O L A R  h a s  been d e v e l o p e d  by Carbonell a n d  C o l l i n s  to

tutor s t u d e n t s  in S o u t h  A m e r i c a n  geography. T h e  k n o w l e d g e  

r e p r e s e n t a t i o n  and t u t o r i n g  s t r a t e g i e s  used a r e  a p p l i c a b l e  to 

other d o m a i n s  of knowledge. T he o b j e c t i v e  of S C H O L A R  is to 

i n v e s t i g a t e  the n a t u r e  of tutorial d i a l o g u e s  and h u m a n  

reasoning. T h e  research e x p l o r e s  the fo l l o w i n g  AI q uestions:

1. Ho w  can k n o w l e d g e  be repre s e n t e d  for fact 

s t o r a g e / r e t r i e v a l  of facts n e e d e d  in a t u t o r i n g  

envi ron m e n t ?

2. W h a t  s t r a t e g i e s  a re n e c e s s a r y  to m a k e  i n f e r e n c e s  from the 

t y p i c a l l y  i n c o m p l e t e  da t a  base of the t u t o r i n g  program.

3. How s t r a t e g i e s  can be s e p a r a t e d  or m a d e  i n d e p e n d e n t  of

the k n o w l e d g e  r e p r e s e n t a t i o n  in the tutor program.

2. 1.3.1.1 K N O W L E D G E  R E P R E S E N T A T I O N  -

2-21

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E V IE W  OF L IT E R A T U R E

D o m a i n  k n o w l e d g e  is represented in S C H O L A R  d a t a b a s e  to 

be pr e s e n t e d  for tut o r i n g  in a "semantic net". Sem a n t i c  nets 

are a system a t i c  way of k n o wledge r e p r e s e n t a t i o n  d e s c r i b e d  by 

Winston, (1981). Each unit in the s emantic net c o r r e s p o n d s 

to a geographical d i v i s i o n  or object and is c o m p o s e d  of the 

geographical name and a set of p r o p e r t i e s  d e s c r i b i n g  the 

geographical object. The p r o p e r t i e s  are lists of p a i r s  of 

a t t r i b u t e s  and c o r r e s p o n d i n g  values. A t t r i b u t e s  are units 

that a re defined in the net. An e x a m p l e  would be "rock" and 

"rock" refers to topography. V a l u e s  can be L o c a t i o n s  su c h  as 

Eastern. S C H O L A R  uses special a t t r i b u t e s  such a s  S U PERA for 

superattribute, S U P E R C  for superconcept, S U P E R P  for 

superpart. An e x a m p l e  of S U PERC is the fact that C h i l e  is a 

country; and of SUPERP, that C h i l e  is in South America.

2. 1.3.1.2 T U T O R I A L  D I A L O G U E  -

S C H O L A R  uses the Socratic m e thod of tutoring. It 

c aptures the s t u d e n t ’s misconceptions, p e r f o r m s  d i a g n o s i s  of 

the m i s c o n c e p t i o n s  a nd then pre s e n t s  material that will make 

the stud e n t  s ee h i s / h e r  own errors. The S C H O L A R  research 

used h u m a n  tutorial protocols, a n a l y z e d  them to s y n t h e s i z e  

the s t r a t e g i e s  p e o p l e  follow and then a t t e m p t e d  to use these 

pr o t o c o l s  and s t r a t e g i e s  into the system. An e x c e r p t  of the 

South A merican g e o g r a p h y  tutor follows;

SCHOLAR; What is the language of A r g e n t i n a ?
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S t u d e n t :  P r o b a b l y  S p a n i s h

S CH O L A R :  Very good. A p p r o x i m a t e l y  what is the ar e a  of

A r g e n t i n a  ( T h e  s t u d e n t  do e s  not a n swer but rather c h a n g e s  

t o p i c )

STU D E N T :  Tell me s o m e t h i n g  about P e r u ?

S C H O L A R :  Peru is a country. It iB located in S o u t h  America. 

T he Capital of Peru is Lima. Now answer the q u e s t i o n

y ou did not answer.

S TU D E N T :  The a r e a  of A r g e n t i n a  is 1. 0 0 0 . 0 0 0  s q u a r e  miles.

SCH O L A R :  A p p r o x i m a t e l y  true. but a more e x a c t  v a l u e  is

1.200.000. Th e  e a s t e r n  b o r d e r i n g  c o u n t r y  of P e r u  is

S TU D E N T :  C a t h o l i c i s m

S C H O L A R :  Wrong. C a t h o l i c i s m  is not a c o u n t r y  b ut a

religion. T h e  corr e c t  a n s w e r  is :Brazil.

W h e r e  is Peru? (The student c h a n g e s  the s u b j e c t  again)

S TU D E N T :  Is A s u n c i o n  hot?

SCH O L A R :  S i n c e  A s u n c i o n  is part of paraguay. yes.

S TU D E N T :  What is the most important d i f f e r n c e  betw e e n  Peru

and P a r a g u a y ?

S CHOLAR: The p r i m a r y  d i f f e r e n c e  is: T h e  p o p u l a t i o n  of Peru

is larger by a factor of 7.8.

S C H O L A R  us e s  a "case g r a m m e r  system". ( B a r r .F e i g e n b a u m  

a nd Cohen. 1981) and the s e m a n t i c  i n t e r p r e t a t i o n  of a 

s t u d e n t s ’ response is h e a v i l y  g u i d e d  by the g e o g r a p h y
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k n o w l e d g e  in the s e m a n t i c  net. Natural l a n g u a g e  p r o c e s s i n g 

in S C H O L A R  is important and a l lows the s t u d e n t  to take 

initiative and ask q u e s t i o n s  that were not a n t i c i p a t e d  by the 

program. Case g r a m m e r  is also used to c o n s t r u c t  new 

q u e s t i o n s  and a n s w e r s  from the s emantic network.

2.1.3. 1.3 INFERENCE S T R A T E G Y  -

S C H O L A R  in f e r e n c e  s t r a t e g y  of e v a l u a t i n g  a n s w e r s  to a 

s t u d e n t ’s q u e s t i o n s  is des i g n e d  to deal with the 

in c o m p l e t e n e s s  of the s e m a n t i c - n e t  kn o w l e d g e  base. Important 

s t r a t e g i e s  deal i n g  wi t h  the in c o m p l e t e n e s s  issue ares

1. Intersection search.

2. C o m m o n  superordinate.

3. Op e n  and c l o s e d  sets.

Intersection search: This s e a r c h  a n s w e r s  q u e s t i o n s  of

the type "can X be part of Y?" (e.g. "is B u e n o s  Aires in 

Argentina?"). T he s e a r c h  is c a r r i e d  out as the s u p erpart  

(SUPERP) arcs of both nodes for X and Y are traced until an 

i n t e r s e c t i o n  is found, w h i c h  m e a n s  until a s u p e r c o n c e p t  node 

is found. If there is no intersection the a n s w e r  is "No." If 

there is an inte r s e c t i o n  node s a y  Q. SCHO L A R  a n s w e r s  with the 

f o l 1 owing:

If U = Y. then "yes";
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If Q = X, then "NO, Y is an X".

The q u e s t i o n  "Is B u e n o s  Aires in A r g e n t i n a ? "  "is a n s w e r e d  

"Yes" s i n c e  A r g e n t i n a  is S U P E R P  of B u e n o s  A i r e s  in the net (Q 

= Y) :

Soth A m e r i c a  ----> A r g e n t i n a  <Y)  > B u e n o s  A i r e s  <X)

(SUPERPART) (SUPERPART)

The q u e s t i o n  "Is A r g e n t i n a  in B u e n o s  Aires?", Is a n s w e r e d  

"No, B u e n o s  A i r e s  is in Argentina".

C o m m o n  s u p e r o r d i n a t e :  If the c o m m o n  s u p e r n o d e  Q, is not

equal to X or Y, the p r o g r a m  e x a m i n e s  if X and Y have 

m u t u a l l y  e x c l u s i v e  properties. If that were the c a s e  the 

a n s w e r  is "No"; el s e  the a n s w e r  is "I do not know". 

Q u e s t i o n s  like "Is X a Y ?" a re a n s w e r e d  s i m i l a r l y  except 

S U P E R C  s u p e r c o n c e p t  are used for the i n t e r s e c t i o n  search.

O p e n  and c l o s e d  sets: In S C H O L A R ’S net, s e t s  a re tagged

by c o u r s e w a r e  a u t h o r  as e i t h e r  "open" or "closed". This 

g i v e s  an i n d i c a t i o n  of the i n c o m p l e t e n e s s  of the s y s t e m ’s 

knowledge. T h i s  m e a n s  that w h e n  a q u e s t i o n  su c h  as (" How 

ma n y  c i t i e s  in C o l u m b i a  are on the Atlan t i c ? " )  a d i s t i n c t i o n  

is m a d e  about w h e t h e r  the r e s u l t i n g  set of these obje c t s  

(Cities on the Atlantic) is c l o s e d  or e x p l i c i t l y  c o n t a i n s  all 

such o b j e c t s  or units. S C H O L A R  c an a n s w e r  c l o s e d  set 

q u e s t i o n s  e a s i l y  such as "Is F r a n c e  a c o u n t r y  in South
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America?". T h e  c l o s e d  set here is the c o u n t r i e s  of S o u t h  

America. S i m i l a r  q u e s t i o n s  a b o u t  open sets is m o r e  d i f f i c u l t  

to a n s u e r  and require the use of special techniques. If we 

ask the q u e s t i o n  "Is rubber a p r o d u c t  of G u y a n a ? "  a n d  there 

is no e x p l i c i t  i n f o r m a t i o n  a b o u t  the p r o d u c t i o n  of rubber in 

G u y a n a  in the net then S C H O L A R  s t a r t s  to r e ason w i t h  what 

k n o w l e d g e  it has "It c o m p a r e s  the i mportance ta g s  of the 

ag r i c u l t u r a l  p r o d u c t s  of G u y a n a  with the i m p o r t a n c e  tags for 

rubber in c o u n t r i e s  that it knows p r o d u c e  rubber. It knows 

Peru is a rubber p r o d u c e r  t h e r e f o r e  it c o m p a r e s  its 

i m p o r t a n c e  tag to the least important i m p o r t a n c e  tag of 

Gyuana. if it c o m p a r e s  S C H O L A R  a s s u m e s  that it k n o w s  about 

G u y a n a  as m u c h  ( up to the i m p o r t r a n c e  tag value) a s  it knows 

about Peru. Therefore. S C H O L A R  infers that it k n o w s  about 

rubber p r o d u c t i o n  in G u y a n a  if it were important. S i n c e 

rubber is not listed for Guyana. S C H O L A R  m a k e s  the plausible, 

(not certain) c o n c l u s i o n  that rubber is not p r o d u c e d  in 

Guyana. At this point S C H O L A R  a n s w e r s  that it d o e s  not know 

and g i v e s  the i n f o r m a t i o n  about rubber p r o d u c t i o n  in Peru." 

This u se of k n o w l e d g e  a b o u t  the exte n t  of its k n o w l e d g e  in 

this " p l a u s i b l e  r e a s o n i n g  "» (Col 1 ins.1978b) is u n i q u e  in AI 

research.

2 .1. 3 . 2  WHY SYST E M  -
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S t e v e n s  a nd C o l l i n s  (1978) d e s c r i b e  a s y s t e m  c a l l e d  W H Y » 

that t u t o r s  s t u d e n t s  in the c a u s e s  of rainfall, a c o m p l e t e  

g e o g raphical p r o c e s s  which is a f u n c t i o n  of ma n y  related 

factors. In their research on tutorial d i a l o g u e  e m p l o y e d  by 

WHY. the r e s e a r c h  g r o u p  (Stevens. C o l l i n s  and Goldin. 1978) 

has focu s e d  on these q u e s t i o n s  that a re central themes 

throughout ICAI research:

1. What is the "goal s t r u c t u r e  " of a S o c r a t i c  tutor?

2. How do t u tors d i a g n o s e  stud e n t  m i s c o m c e p t i o n s  from the 

e r r o r s  they m a k e ?

3. What a re the abstractions, vi e w  p o i n t s  that tutors use to 

e x p l a i n  physical p r o c e s s e s ?

Coll i n s  a n d  S t e v e n s  identified a t h e o r y  of t u t o r i n g  from the 

a n a l y s i s  of tutorial d i a l o g u e s  b e t w e e n  h u m a n  e x p e r t s  and 

students. T h e s e  are incorporated into a tutorial p r o g r a m 

which is then tested to find the w e a k  p o i n t s  of the theory 

for further investigation. T h e  W H Y  s y s t e m  is the first of 

such i t e r a t i o n s  and c o n c e n t r a t e s  on the S o c r a t i c  a p p r o a c h  of 

teaching.

S o c r a t i c  t u t o r i n g  uses h e u r i s t i c s  to model e x p l i c i t l y  

the n a t u r e  of the S o c r a t i c  d i a l o g u e  in the c u r r e n t  v e r s i o n  of 

WHY. T w e n t y  four h e u r i s t i c s  con t r o l  the s t u d e n t / s y s t e m  

interaction. A s a m p l e  h e u r i s t i c  is:

If T h e  s t u d e n t  g i v e s  as an e x p l a n a t i o n  of causal
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d e p e n d e n c e  one or more factors that a re not neccessary. 

Th e n  s e l e c t  a c o u n t e r  e x a m p l e  with the w r o n g  v a l u e  of the 

factor and ask the Btudent w hy his causal d e p e n d e n c e  

d o e s  not hold in that case.

The stud e n t  is forced to con s i d e r  the n e c e s s i t y  of a 

p a r t i c u l a r  factor. An i l l u stration would be. if the student 

g i v e s  rainfall as a reason for grow i n g  rice. then the

c o m p u t e r - g e n e r a t e d  c o u n t e r e x a m p l e  "why do they g r o w  rice in

Egypt where there i sn’ t much rainfall?" c h a l l a n g e s  the 

s t u d e n t ’s e x p l a n a t i o n  of rice growing. T h e s e  h e u r i s t i c s  

f a c i l i t a t e  the tutorial di a l o g u e s  in which the student is 

forced to con s i d e r  c o m b i n a t i o n s  of factors a nd g e n e r a l i z e

from s pecific facts or c a s e s  to general c o n d i t i o n s  or 

principles. (Col 1 ins. 1976).

WHY represents kn o w l e d g e  in a "sc r i p t - l i k e "  data 

structures. w hich takes a d v a n t a g e  of the temporal r e l ations 

in the rainfall process, for example, first, w a t e r  e v a p o r a t e s  

from an ocean or sea. then the w a t e r - l a d e n  air ma s s  is 

c a r r i e d  over land by windB. which in turn c a u s e s  the air mass  

to cool, which c a u s e s  precipitation. This r e p r e s e n t a t i o n  is 

a d e q u a t e  for c a p t u r i n g  the c h a r a c t e r i s t i c s  of a tutorial 

dialogue. but there a re other kinds of k n o w l e d g e  about rain, 

not represented and a r e  d i s cussed below.
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T h e  f o l lowing is part of a d i a l o g u e  of the cur r e n t

v e r s i o n  of the WHY s y s t e m  The s t u d e n t  is p r o m p t e d  for the

c a u s e s  of rainfall a nd for prior or i n t e r m e d i a t e  c a u s e s  and 

to s u g g e s t  a general rule. When the s t u d e n t  s u g g e s t s  a rule

the s y s t e m  finds a c o u n t e r e x a m p l e  and forces revision of the

rule a n d  the p r o c e s s  is iterated until a rule of s u f f i c i e n t  

g e n e r a l i t y  is found.

W HY : Do you think the Amaz o n  j u n g l e  has h e a v y  rainfall or

1 ight r a i n f a l 1?

STU D E N T :  Heavy rainfall.

W HY : W h y  does the Amaz o n  j u n g l e  have h e a v y  rainfall?

S TU D E N T :  B e c a u s e  it is near the A t l a n t i c

W HY : Yes. the Amaz o n  j u n g l e  is near the equatorial

A tlantic. How does that a f f e c t  rainfall in the

A m a z o n  j u n g l e ?

STU D E N T :  The w a t e r  in the c u r r e n t  is warm

WHY : W h a t  h a p p e n s  after the m o i s t u r e - f i l l e d  air reaches the

land?

STU D E N T :  I do n o t  know.

W H Y  : Do you think the Andes m o u n t a i n s  range h as any e f fect

on the rainfall in the A m a z o n  j u n g l e ?

S TUDENT: Yes.

WHY : H o w  ?

S TUDENT: T he p r e v a i l i n g  wind h i t s  the A n d e s  a nd the air

c oo Is.

WHY : H o w  does the fact that the p r e v a i l i n g  wi n d  hits the

2-29

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E V IE W  OF L IT E R A T U R E

An d e s  lead to air c o o l i n g ?  Do you think that any

p l a c e  wi t h  m o u n t a i n s  has heavy rainfall?

STUDETN: Yes

WHY : S o u t h e r n  C a l i f o r n i a  has mountains. Why

d o e s n ’t Sou t h e r n  C a l i f o r n i a  ha v e  h e a v y  ra i n f a l l ?

S t e v e n s  and Co 1 1 i n s (1978) have set two g o a l s  for the WHY 

s y s t e m  for c a r r y i n g  its tutorial dialogue.

T h e  main goal is to identify and c o r r e c t  the stu d e n t s  

miscon c e p t i o n s .  T h i s  involues five k nids of b u g s  or errors:

1. Factual errors: T he s y s t e m  (tutor) d e a l s  with factual

e r r o r s  by c o r r e c t i n g  the student, however the

Soc r a t i c  m e t h o d  d e a l s  with the

i n t e r e l a t i o n s  of facts.

2. O u t s i d e - d o m a i n  Bugs: T h e s e  are m i s c o n c e p t i o n s  about

causal structure. T he t utor does not

e x p l a i n  the remedy in detail but c o n c e n t r a t e s  on

the r e l a t i o n s h i p s  of the causal effects. An exam p l e  is 

the r e l a t i o n s h i p  b e t w e e n  the t e m p e r a t u r e  of the air and 

its m o i s t u r e  h o l d i n g  c a p a c i t y  is stated as a

fact and a l l o w s  the stud e n t  to realize

his/ h e r  misconc e p t i o n .
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3. O v e r g e n e r a l i z a t i o n :  Wh e n e v e r  a s t u d e n t  m a k e s  a general

ru l e  or s t a t e m e n t  from i n s u f f i c i e n t  data

<e.g. Any p l a c e  wi t h  m o u n t a i n s  h a s  heavy

rainfall). the tutor will find c o u n t e r e x a m p l e  to

p o k e  for m o r e  factors.

4. O v e r d i f f e r e n t i a t i o n :  Th i s  o c c u r s  w h e n  the s t u d e n t

i n t r o d u c e s  a factor as n e c e s s a r y  a nd the

t u t o r  finds a c o u n t e r e x a m p l e  to s u g g e s t  the

c o n t rary.

5. R e a s o n i n g  Bugs: T h e  tutor t e a c h e s  the s t u d e n t  s k i l l s  in 

f o r m i n g  and testing hypotheses, then c o l l e c t i n g  data then 

d r a w i n g  conclusions.

T h e  WHY s y s t e m  al s o  d e c i d e s  w h i c h  bug to c o r r e c t  first 

in c a s e  the s t u d e n t  d i s p l a y e d  m o r e  than o n e  misconception.  

It e m p l o y s  a set of h e u r i s t i c s  to d e c i d e  w h i c h  one to c o r r e c t  

first. This is important for c a r r y i n g  on w i t h  the dialogue. 

Th e  t u t o r  c o r r e c t s  e r r o r s  b e f o r e  o missions. causal prior 

factors b e fore later ones, short o n e s  b e f o r e  long ones, and 

low level b e f o r e  high level ones in the network.

T h e  temporal s c ript r e p r e s e n t a t i o n  in W H Y  d id not s olve 

all t h e  s t u d e n t  m i s c o n c e p t i o n s .  b e c a u s e  it is d o main 

depend e n t .  Stevens. C o l l i n s  a nd G o l d i n  (1978). d e f i n e d  later 

" f u n c t i o n a l  r e l a t i o n s h i p "  w h i c h  r e p r e s e n t e d  s t u d e n t  

m i s c o n c e p t i o n s  a s  e r r o r s  in the s t u d e n t ’s model of these
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relationships. A functional r e l a t i o n s h i p  has four

components:

1. A set of a c t o r s  each w i t h  a role in the process.

2. A s et of factors that a f f e c t  the process. all of which  

a r e  a t t r i b u t e s  of the a c t o r s  su c h  as w a t e r  is an a c t o r  in 

the e v a p o r a t i o n  r e l a t i o n s h i p  and its t e m p e r a t u r e  is a 

factor.

3. T h e  result of the process. w h i c h  is a c h a n g e  in the 

a t t r i b u t e  of one of the actors.

A. T h e  r e l a t i o n s h i p  that h o l d s  b e t w e e n  the a c t o r s  and the

result.

T h e s e  functional r e l a t i o n s h i p s  are r e p r e s e n t a t i o n s  of other 

d o m a i n s  and are used by a n a l o g y  to the d o m a i n  of the WHY 

tutor. More res e a r c h  is n e e d e d  on k n o w l e d g e  r e p r e s e n t a t i o n  

for m e e t i n g  the o b j e c t i v e s  of intelligent tutoring.

2 . 1 . 3 . 3  S O PHIE -

S O P H I E  or S o p h i s t i c a t e d  Instructional E n v i r o n m e n t  is an 

ICAI syst e m  d e v e l o p e d  with the following o b j e c t i v e s .  (Also 

s e e  figure S O P H I E  for model of SOPHIE)

2 - 3 2
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1. E x p l o r e  broader student initiative during the tutorial 

interact ion.

2. P r o v i d e  the student with an e n v i r o n m e n t  to a c q u i r e  

p r o b l e m - s o l v i n g  s k ills by experimentation.

The (SOPHIE) s y stem a chieves these objectives by:

1. U s i n g  a model of problem solving in its domain.

2. E m p l o y i n g  many heuristic strat e g i e s  for a n s w e r i n g  

questions. criti c i z i n g  hypotheses. and s u g g e s t i n g  

a l t e r n a t i v e  theories.

3. A l l o w i n g  a one to one relationship with a computer based 

"expert" that helps the student to come up with his/her  

own ideas, to try and debug these ideas.
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SOPHIE MENUE

Q.A

Natural
Languages

Articulate
E xpert

Team 
Gane 

Mon to r

FIGURE SOPHIE
(Burton and Brown, 1979)
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S O P H I E  w a s  d e s i g n e d  to teach p r o b l e m  s o l v i n g  s k i l l s  by 

s i m u l a t i n g  an e l e c t r o n i c s  laboratory* (Brown a nd Burton*

1978). T h e  p r o b l e m  for the s t u d e n t  is to find the 

m a l f u n c t i o n i n g  p iece of equipment. He/she takes m e a s u r e m e n t s  

s u c h  as voltages. c u r r e n t s  and resistances. then makes

a s s u m p t i o n s  a nd h y p o t h e s e s  about where the fault m ay be. 

T h e s e  a r e  t e sted by the s y s t e m  and if p r o v e d  c o r r e c t  the

fault is found). o t h e r w i s e  a n o t h e r  h y p o t h e s i s  or more

m e a s u r e m e n t s  a re made and the p r o c e s s  is repeated. S O P H I E  

h e l p s  the s t u d e n t  by is o l a t i n g  faults an d  d e c i d i n g  if a

m e a s u r e m e n t  is valuable, b a s e d  on whether it e l i m i n a t e s  or 

isolates a fault. S O P H I E  ran d o m l y  s e l e c t s  a fault in the 

p e r f o r m a n c e  of a c i r c u i t  component, inserts in a s i m u l a t i o n  

of the c i r c u i t  and tells the stud e n t  how c o n t r o l s  are set. 

The s t u d e n t  is g i v e n  a s c h e m a t i c  d i a g r a m  of the c i r c u i t  and 

the d i a l o g u e  refers to c o m p o n e n t s  in the s c h e m a t i c  d i a g r a m  

w h i c h  h a s  the notation:

R 8  = resistor 8;

N1 = no d e  c o n n e c t i o n  l;

Q 1 = t r a n s i s t o r  l; 

an d  so on.

T h e  f o l l o w i n g  is a s a m p l e  p rotocol of S O PHIE (from B r o w n  and 

Burton. 1978):

1. S O P H I E  : W e l c o m e  to SOPHIE. a r e a c t i v e  learning

e n v i r o n m e n t .  T h e  p i e c e  of e q u i p m e n t  y ou are

s t u d y i n g  is a r e g ulated p o w e r  supply. W o u l d  you
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like to s t a r t  with a faulted i n s t r u m e n t  that n e e d s

f ix ing.

2. STUDENT: Yes.

3. S O P H I E  : T h e  instru m e n t  has a fault a n d  its present

control s e t t i n g s  are:

cc 1.0 C U R R E N T CONTROL.

CR HIGH C U R R E N T R A N G E  SWITCH.

L O A D 20 L O A D  R E S I S T A N C E  IN OHMS.

VC • o V O L T A G E CONTROL.

VR HIGH V O L T A G E R A N G E  SWITCH.

4. STUDENT: Wh a t  is the o u t p u t ?

5. S O P H I E  : T he o u t p u t  v o l t a g e  is 11.7 volts.

6. STUDENT: Wh a t  is it in a w o r k i n g  i n s t r u m e n t ?

7. S O P H I E  : In a w o r k i n g  c i r c u i t  the o u tput v o l t a g e  is 9.9

vo1ts.

8. STUDENT: W H A T  is the v o l t a g e  b e t w e e n  R8 a nd Q1 ?

9. S O P H I E  : T h e  v o l t a g e  at N1 is 47 . 6  volts.

10. STUDENT: R e p l a c e  Q6.

11. S O P H I E  : I a m  g o i n g  to a sk y ou s o m e  q u e s t i o n s  a b o u t  ho w

Q6 is faulted. Are any j u n c t i o n s  s h o r t e d ?
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12. STUDENT: I do not know.

13. S O P H I E  : Are any t e r m i n a l s  open?

14. STUDENT: Yes.

15. S O P H I E  : W h i c h  t e r m i n a l (b ) are o p e n ?

16. STUDENT: T h e  ba s e

17. S O P H I E  : Q6 is not faulted in that manner. Q6 not

r eplace (The s t u d e n t  here learns that Q6 do e s  not h a v e  an 

op e n  b a s e ).

18. STUDENT: Is it p o s s i b l e  that Q6 h as open base?

19. S O P H I E  : Is the c o m p l e t e  fault mode E B / E C / B C =  o p e n

L O K / o p e n  what you intended?

20. STUDENT: Sure.

21. S O P H I E  : That fault is c o n s i s t e n t  w i t h  all of the

m e a s u r e m e n t s  you have made.

2. 1 . 3 . 3 . 1  S O P H I E ’S L A N G U A G E  I N T E RFACE -

S O P H I E  u s e s  a natural la n g u a g e  in t e r f a c e  b a s e d  on 

s e m a n t i c  grammer. Nouns, v e r b s  and a d j e c t i v e s  are r e p l a c e d  

by s e m a n t i c a l l y  meaningful c o n c e p t s . ( B r o w n  a nd Burton. 1978). 

T h e s e  c o n c e p t s  are known to the s y s t e m  such as m e asurements, 

c i r c u i t  elements, transistors, h y p o t h e s e s  and so on. S O P H I E
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k e e p s  a list of c o n c e p t s  a nd their c o r r e s p o n d i n g  g r a m m e r  

rules that r e p r e s e n t  the a l t e r n a t e  wa y s  of e x p e r e s s i n g  t h o s e  

c o n c e p t s  in t e r m s  of their c o n s t i t u e n t  concepts. S e m a n t i c  

g r a m m e r  a l l o w s  c e r t a i n  amou n t  of " f u z z i n e s s "  in its 

u n d e r s t a n d i n g  of w o r d s  p r e s e n t e d  of it. T h u s  if a s t u d e n t  

u s e s  words or c o n c e p t s  that the s y s t e m  d o e s  not know* the 

p a r s e r  of the g r a m m e r  ignores these w o r d s / c o n c e p t s  a nd 

p r o c e e d s  with the s e a r c h  to try to ma k e  s e n s e  of the s e t s  of 

the w ords/concepts.

2 . 1 . 3 . 3 . 2  I N F E R E N C I N G  -

S O P H I E  p e r f o r m s  the fo l l o w i n g  logical and tutorial 

t a s k s :

1. Answ e r s  h y p o t h e t i c a l  questions. (e.g. "if the 

b a s e - e m i t t e r  j u n c t i o n  of the v o 1t a g e - 1 i m i t t i n g  t r a n s i s t o r  

opens then what h a p p e n s  to the output volta g e ? " ) .

2. E v a l u a t e s  h y p o t h e s e s :  When a s t u d e n t  p r e s e n t s  S O P H I E  

wi t h  a h y pothesis* it e v a l u a t e s  its c o n s i s t e n c y  and 

ident i f i e s  the i n f ormation that s u p p o r t s  or that is 

independent of the assertion.

3. G e n e r a t e s  h y p o t h e s e s :  T h i s  involves c o n s t r u c t i n g  all

p o s s i b l e  h y p o t h e s e s  c o n s i s t e n t  w i t h  the known 

information. S O P H I E  can a n s w e r  q u e s t i o n s  such as "What 

could be w r o n g  with the cir c u i t  given th e  m e a s u r e m e n t s  I
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h a v e  taken?"

4. D e t e r m i n e s  redundancy: S O P H I E  c a n  d e t e r m i n e  if a c e r t a i n

m e a s u r e m e n t  is not n e c e s s a r y  b e c a u s e  it c o u l d  be 

d e t e r m i n e d  from p r e v i o u s  ones.

S O P H I E  a c c o m p l i s h e s  t h e s e  tasks by a s i m u l a t i o n  of the 

c i r c u i t  under scrutiny. A c h a n g e d  v o l t a g e  as a result of a 

m o d i f i c a t i o n  to a c i r c u i t  c a n  be p r e d i c t e d  by p e r f o r m i n g  a 

s i m u l a t i o n  to the c i r c u i t  and a table of v o l t a g e s  is 

produced. The a n s w e r  is g i v e n  in terms of the new g e n e r a t e d  

v o 1 tages.

E x p e r i e n c e  with S O P H I E  s h o w s  that its m a j o r  w e a k n e s s  is 

its inability to follow up on errors. H o w e v e r  the t r o u b l e  

s h o o t i n g  g a m e  p l a y e d  by S O P H I E  has p r o v e n  to be an e f f e c t i v e  

w ay of training.

2 . 1 . 3 . 4  WE S T  -

T h e  WE S T  s y s t e m  gets its n a m e  from a s i m u l t e d  board ga m e  

"How the West was Won" a nd is the first r esearch in c o m p u t e r  

c o a c h i n g  a p plications. T h e  res e a r c h  is b ased on b u i l d i n g  a 

c o a c h i n g  com p u t e r  model that m o n i t o r s  the s t u d e n t ’s work, 

o c c a s s i o n a 11y m a k i n g  c r i t i c i s m s  or s u g g e s t i o n s  for 

i mprovements* (Goldstein* 1977). T he res e a r c h  o b j e c t i v e  in 

the work carried out by B r o w n  and Burton. (1978) is to
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identitify. d i a g n o s t i c  s t r a t e g i e s  to p i n p o i n t  the s t u d e n t ’s 

m i s u n d e r s t a n d i n g  from h i s / h e r  o b s e r v e d  b e h a v i o r  a nd exp l i c i t  

s t r a t e g i e s  for d i r e c t i n g  the student.

2. 1 .3.4.1 T H E O R Y  OF THE I N STRUCTIONAL C O A C H  -

C o m p u t e r - c o a c h i n g  r e search e m b o d i e d  in WEST is 

c h a r a c t e r i z e d  as "guided d i s c o v e r y  learning". It con t e n d s

that the s t u d e n t  c o n s t r u c t s  h i s / h e r  own u n d e r s t a n d i n g  of a 

g i v e n  s i t u a t i o n  based on prior knowledge. A c c o r d i n g  to this 

theory* the n o t i o n  of misconc e p t i o n ,  or bug. p l a y s  a central 

role in the c o n s t r u c t i o n  process. A bug in the s t u d e n t ’s

k n o w l e d g e  will c a u s e  a suboptimal b ehavior a nd if the stud e n t

has e n o u g h  i n f o r m a t i o n  to a p p l y  corrections, then the bug is 

c o n s t r u c t i v e .  If h e / s h e  does not have e n o u g h  information

then it is the role of the tutor to gi v e  the stud e n t  enough

e x t r a  i n f o r m a t i o n  to d e t e r m i n e  the cause of the error. then

a p p l y  c o r r ections. thus turn i n g  n o n - c o n s t r u c t i v e  bu g s  to 

c o n s t r u c t i v e  ones. (Brown, and Burton. 1978).

W E S T  is a general p a r a d i g m  of t utoring by "Issues and

Examples". A c o a c h ’s c o m m e n t s  must be bo t h  relevant and

m e m o r a b l e  to the student. T h e s e  two c o n s t r a i n t s  a re met by 

the u se of the " I s s u e s  and Ex a m p l e s "  t u t o r i n g  strategy. 

"I ssues" a r e  c o n c e p t s  w h i c h  identify what is relevant in the 

d i a g n o s t i c  p r o c e s s  and "Examp l e s "  p r o v i d e  c o n c r e t e  instances 

of t h e s e  a b s t r a c t  concepts. A gene r i c  Issue (a c o n c e p t  used
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to s e l e c t  a strategy) a n d  a g o o d  E x a m p l e  of its u s e  in c r e a s e s  

the c h a n c e s  that the s t u d e n t  will i n c o r p o r a t e  this p i e c e  of 

c o m m e n t a r y  into h i s / h e r  knowledge. In the "Issues and 

E x a m p l e s "  p a r a d i g m  the Issues a r e  the i m p ortant c o n c e p t s  

u n d e r l y i n g  a s t u d e n t ’s behavior, w h i c h  the c o a c h  monitors.

2 . 1 . 3 . 4 . 2  HOW THE WEST M O D E L  W O R K S  -

T h e  c o a c h i n g  p r o c e s s  of W E S T  is s h o w n  in the model of

F i g u r e  WE S T  When a s t u d e n t  m a k e s  a move w h i c h  is c o n s i d e r e d

less than optimal by c o m p a r i n g  h i s / h e r  move to that of the 

e x p e r t  module, the coach m o d u l e  u s e s  the e v a l u a t i o n  c o m p o n e n t  

of e a c h  Issue to c r e a t e  a list of Issues on w h i c h  it h as 

a s s e s s e d  that the s t u d e n t  is weak. The c o a c h  then invokes 

the Issue r e c o g n i z e r s  c o m p o n e n t  to d e t e r m i n e  a s e c o n d  list of 

Issues from the E x p e r t ’s m o d u l e  list to c r e a t e  a new list of 

b e t t e r  moves. The c oach m o d u l e  then s e l e c t s  an Issue an d  the 

mo v e  that i l l u s t r a t e s  it a nd d e c i d e s  w h e t h e r  or not to

interrupt. If there a re no Issues in common, the c o a c h  s a y s

n o t h i n g  b e c a u s e  the reason for the p r o b l e m  is o u t s i d e  the

c o l l e c t i o n  of Issues. If the c o a c h  m o d u l e  d e c i d e s  to

i n t e r r u p t  then the Issue a nd E x a m p l e  a re p a s s e d  to the

e x p l a n a t i o n  g e n e r a t o r s  w h i c h  p r o v i d e  the f eedback to the 

student. E x p l a n a t i o n s  a r e  r e p r e s e n t e d  in p r o c e d u r e s  c a l l e d  

" S p e a k e r s "  a t t a c h e d  to ea c h  Issue. T he S p e a k e r  p r e s e n t s  the 

text for its Issue.
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FIGURE WEST

Model Df The Coaching Process (Brown and Burton,1979)
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T he d e c i s i o n  of the coach w h e n  to i n t e r r u p t  is made

a c c o r d i n g  to so m e  tut o r i n g  principles. T h e s e  p r i n c i p l e s  

d i c t a t e  that. at times. ev e n  w h e n  r e l e v a n t  Issues and 

E x a m p l e s  have b e e n  identified. it may be i n a p p r o p r i a t e  to 

interrupt. T h i s  h a p p e n s  when there are two c o m p e t i n g  Issues, 

bo t h  a p p l i c a b l e  to a c e r t a i n  situation. The q u e s t i o n  is then 

w h i c h  one s h o u l d  be s e l e c t e d ?  The Issues in W E S T  are 

i n d e p e n d e n t  w h i c h  m e a n s  it is not n e c e s s a r y  to e x a m i n e  their 

p r e r e q u i s i t e  structure. Additional tut o r i n g  p r i n c i p l e s  are 

n e e d e d  to d e c i d e  w h i c h  Issues s h o u l d  be used. Th e  fo l l o w i n g  

p r i n c i p l e s  g u i d e  WEST in this decision:

1. T he focus s t r a tegy: E v e r y t h i n g  el s e  b e i n g  equal. the 

Issue most recently d i s c u s s e d  is chosen. C o n c e n t r a t e  on 

a p a r t i c u l a r  Issue until e v i d e n c e  is p r e s e n t  to i ndicate 

m a s t e r y  of the Issue.

2. B r e a d t h  Strategy: Issues that have not be e n  r e cently

d i s c u s s e d  get selected. T h i s  s t r a t e g y  is d e s i g n e d  to

keep the s t u d e n t  from b eing bored.

3. C o a c h i n g  Philosophy: T he use of tut o r i n g  p r i n c i p l e s  c an

e n h a n c e  a s t u d e n t ’s likelihood of r e m e m b e r i n g  wh a t  is 

said. An e x a m p l e  of this is to use an E x a m p l e  when 

result w ould be s u p e r i o r  to that of the student.
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4. M a i n t a i n i n g  Interest: The coach must not interrupt too

often so as to c a u s e  the student to lose interest. Never 

tutor on two c o n s e c u t i v e  m o v e s  and c o n g r a t u l a t e  the 

s t u d e n t  for m a k i n g  exceptional ones.

5. Increase c h a n c e s  of learning: WEST p r o v i d e s  four levels

of advice:

1. Isolate a w e a k n e s s  and d i r e c t l y  a d d r e s s  that 

weakness.

2. D e l i n e a t e  the s p a c e  of p o s s i b l e  m o v e s  at this point 

in the session.

3. Select the optimal move and tell why it is optimal.

4. Des c r i b e  how to make the optimal move.

6. E nvironmental c o n s i d erations: At times be forgiving of

p o s s i b l e  c a r e l e s s  e r r o r s  made by the student, if it is 

o b v i o u s  that the s t u d e n t  knows better. This is indicated 

by a pattern which will e m e r g e  from s t u d e n t  han d l i n g  of

Issues.

2 . 1 . 3 . 5  W U M P U S  -
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T he W U M P U S  s y s t e m  is an ICAI p r o g r a m  that ac t s  a s  the 

c o a c h  in a c o m p u t e r  g a m e  in w h i c h  the p l a y e r  t r acks d o w n  the 

v i c i o u s  W U M P U S  a nd at the sa m e  time a v o i d s  d e a d l y  pitfalls* 

(Carr a n d  Goldstein. 1977). T he player must be a r m e d  with 

k n o w l e d g e  of logic, p r o b ability, d e c i s i o n - m a k i n g  theory and 

geometry. Th e  lack of k n o w l e d g e  on the part of the p l a y e r  

may result in being d e v o u r e d  by the W U M P U S  or falling to the 

c e n t e r  of earth. S t u d e n t s  are m o t i v a t e d  to learn in keep i n g  

with the p h i l o s o p h y  of c o m p u t e r  coaching.

2 . 1 . 3 . 5 . 1  THE W U M P U S  M O D E L  -

The W U M P U S  s y s t e m  is c o m p o s e d  of four modules:

1. T h e  tutor module.

2. T h e  s t u d e n t  module.

3. T h e  e x p e r t  module.

4. T h e  p s y c h o l o g i s t  module.

T he e x pert e v a l u a t e s  the p l a y e r ' s  mo v e  and informs the 

p s y c h o l o g i s t  of h ow g o o d  or bad the mo v e  is a n d  what s k i l l s  

are n e e d e d  by the p l a y e r  to find a better a l t e r n a t i v e  move. 

Ar m e d  w i t h  this k n o w l e d g e  the p s y c h o l o g i s t  forms h y p o t h e s e s  

into the S t u d e n t  model. Th i s  k n o wledge b e c o m e s  part. a 

subset. of the e x p e r t ’s skills. The tutor u s e s  the student 

model to g u i d e  its d i a l o g u e  with the player. (Goldstein.
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1977).

F i g u r e  W U M P U S  r e p r e s e n t s  the W U M P U S  model. It c o n t a i n s  

the four m o d u l e s  p l u s  a p r o b l e m - s o l v i n g  k n o w l e d g e  base. This 

is b a s i c a l l y  the s y l l a b u s  of the material. T h e  e x p e r t  and 

the s t u d e n t  m o d e l s  d e p e n d  m o s t l y  on the s k i l l s  r e p r e s e n t e d  in 

the d a t abase. Based on a model of d i f f i c u l t y  of the material 

c o n t a i n e d  in the syllabus. the p s y c h o l o g i s t  d e c i d e s  which 

s k i l l s  the stud e n t  is e x p e c t e d  to a c q u i r e  in the next move. 

The tutor d e a l s  wi t h  r e l a t i o n s h i p s  b e t w e e n  s k i l l s  s u c h  as 

a n a l o g i e s  and p a t t e r n s  w h i c h  c an be used to impr o v e  its 

e x p l a n a t i o n s  of new skills. (Goldstein. 1979).
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2 . 1 . 3 . 5 . 1 . 1  T H E  P S Y C H O L O G I S T  M O D U L E  -

T h e  p s y c h o l o g i s t  m a k e s  r e a s o n a b l e  h y p o t h e s e s  a b o u t  which  

s k i l l s  the p l a y e r  p o s s e s s e s  that a re c o n t a i n e d  in the e x pert 

m o d u l e  by an a p p l i c a t i o n  of the rules of evidence. The 

fo l l o w i n g  a re typical rules of evidences

1. Increase the p r o b a b i l i t y  that a p l ayer p o s s e s s e s  a skill

iff the p l a y e r  e x p l i c i t l y  c l a i m s  a q u a i n t a n c e  w i t h  the

skill a nd the skill is m a n i f e s t  in the p l a y e r ' s  behavior.

2. D e c r e a s e  the p r o b a b i l i t y  that a p l a y e r  p o s s e s s e s  a skill

iff the p l ayer e x p r e s s e s  u n f a m i 1 iarityt the skill is not

m a n i f e s t  in a s i t u a t i o n  in which the e x p e r t  b e l i e v e s  it 

to be appropriatBf and there is a long interval s i n c e  the 

last c o n f i r m a t i o n  w as received.

2 . 1 . 3 . 5 . 1 . 2  TH E  T UTOR M O D U L E  -

T h e  Tutor s e l e c t s  a p p r o p r i a t e  t o pics to d i s c u s s  w i t h  the 

player using " e x p l a n a t i o n  rules" a nd to c h o o s e  the form of 

the e x p l a n a t i o n  to p r e s e n t  to the player. Th e  fo l l o w i n g  are 

types of rules:

1. S i m p l i f i c a t i o n s  rules: that s i m p l i f y  c o m p l e x  s t a t e m e n t s

into u n d e r s t a n d a b l e  e x planations.
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2. Rhetorics: that c o m b i n e  a l t e r n a t i v e  e x p l a n a t i o n

strategies. E x p l a n a t i o n s  a r e  e x p r e s s e d  in terms of a

general rule on one e x t r e m e  a nd in terms of a s p e c i f i c  

i ns t a n c e  on the other.

2 . 1 . 3 . 5 . 1 . 3  The E X P E R T  M O D U L E  -

T he expe r t  m o d u l e  w o r k s  by p l a c i n g  the p l a y e r  s o m e w h e r e

in a randomly c o n n e c t e d  w a r r e n  of caves a d j o i n i n g  h i s / h e r

cave. The goal of the p l a y e r  is to find the W U M P U S  and sl a y  

it wi t h  an arrow. Each move results in a n e i g h b o u r i n g  ca v e 

w h i c h  y i e l d s  i n f o r m a t i o n  r e g a rding that c a v e ’s neighbours. 

T he d i f f i c u l t y  in c h o o s i n g  a mo v e  a r i s e s  from the v a r i o u s  

d a n g e r s  in the warren, bats, pits and the W U M P U S  itself. T he 

f o l lowing things m ay h a p p e n  if the player m a k e s  a "bad" move:

1. If the p l ayer m o v e s  into the W U M P U S  den. h e / s h e  is eaten.

2. If the p l ayer w a l k s  into a pit. he/she falls to h i s / h e r

death.

3. Ba t s  may pick the p l a y e r  up a n d  r andomly dr o p  h i m / h e r

e l s e w h e r e  in the warren.

Th u s  if the player m a k e s  the p r o p e r  logistic and 

p r o b a b l i s t i c  i n f e r e n c e s  then the play e r  will m i n i m i z e  the 

risk a nd find the WUMPUS. W a r n i n g s  are p r o v i d e d  to the
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pl a y e r  by the expert whenever h e /she is near danger. 

W a r n i n g s  are:

1. T he W U MPUS can be smel l e d  w i thin one or two caves.

2. T he squeak of bats c an be heard one cave away.

3. The b r e e z e  of a pit can be felt one cave away.

T he player wi n s  the game whe n e v e r  h e / s h e  s h o o t s  an arrow 

m  the WUMPUS den. If the player e x h a u s t s  all five a r r o w s  

w i t h o u t  h i t t i n g  the WUMP U S  then h e / s h e  loses the game.

T he expert m o dule r epresents its expertise. i.e.

knowledge. in a rule-based representation. There are twenty 

rules in WUMPUS. five of which follow:

1. P o s i t i v e  E v i d e n c e  Rule: A w a r n i n g  of the e x i s t e n c e  of 

d a n g e r  in one ca v e  m e a n s  or implies the a b s e n c e  of danger  

in the n e i g h b o u r i n g  cave.

2. N e g a t i v e  E v i d e n c e  Rule: The a b s e n c e  of a warn i n g  implies 

that no d a nger e x i s t s  in any neighbors.

3. E l i m i n a t i o n  Rule: If a cave h as a w a r n i n g  and all but 

one of its n e i g h b o r s  are known safe, the d a n g e r  lies in 

the r e m a i n i n g  neighbor.
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4. Equal L i k e l i h o o d  Rule: in the a b s e n c e  of k n o w l e d g e  all 

of the n e i g h b o r s  of c a v e  a re e q u a l l y  likely to c o n t a i n  a 

danger.

5. D o u b l e  E v i d e n c e  Rule: M u l t i p l e  w a r n i n g s  inc r e a s e  the 

p r o b a b i l i t y  that a g i v e n  c a v e  c o n t a i n s  a danger.

2 . 1 . 3 . 6  G U I D O N  -

G u i d o n  is an ICAI a p p l i c a t i o n  that is d e s i g n e d  to teach 

d i a g n o s t i c  p r o b l e m  solving. It is d e v e l o p e d  at S t a n f o r d  

U n i v e r s i t y  by W i l l i a m  J. Clancey. M Y C I N  is a medical 

c o n s u l t a t i o n  s y s t e m  used for d i a g n o s t i c  p u r p o s e s  of a p a t i e n t  

s u s p e c t e d  of h a ving an infection. M Y C I N  uses the 

i n f e c t i o u s - d i s e a s e  d i a g n o s i s  rules as the s k i l l s  to be 

taught. C l a n c y  h as d e v e l o p e d  G U I D O N  as the t e a c h i n g  p a r t  of 

the s y s t e m  and us e d  MYCIN to p r o v i d e  the t o p i c s  to be 

d i s c u s s e d  and wi t h  a b a s i s  for e v a l u a t i n g  the s t u d e n t ' s  

behavior. The t e a c h i n g  k n o w l e d g e  is s e p a r a t e d  from M Y C I N  

e x p l i c i t l y  in the form of s o m e  two h u n d r e d  r u l e s  that include 

m e t h o d s  for g u i d i n g  the dialogue, p r e s e n t i n g  diagnostics, 

c o n s t r u c t i n g  a s t u d e n t  model and r e s p o n d i n g  to s t u d e n t s  

initiatives. T h e  s e p a r a t i o n  of t e a c h i n g  from the d o m a i n  

k n o w l e d g e  base M Y C I N ’s i n f e c t i o u s - d i s e a s e  k n o w l e d g e  base, can 

be r e p l a c e d  with a n o t h e r  d i a g n o s t i c  rule for a n o t h e r  domain.
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R u l e s  a re p l a u s i b l e  and a go o d  v e h i c l e  for teaching* 

(Buchanan. 1979) for t h r e e  reasons.

1. T h e y  a re d e s i g n e d  to c a p t u r e  a s i g n i f i c a n t  pa r t  of the 

k n o w l e d g e  n e c e s s a r y  for go o d  p r o b l e m - s o l v i n g .  T h i s  h as  

b e e n  d e m o n s t r a t e d  at S t a n f o r d  School of M e d i c i n e  f o r m a l l y  

by an e v a l u a t i o n  of M Y C I N  w h i c h  s h o w e d  that it w a s  ju s t  

as c o m p e t e n t  as the medical faculty m e m b e r s  in s e l e c t i n g  

a n t i m i c r o b i a l  t h e r a p y  for m e n i n g i t i s  and b a c t e r e m i a .

2. T he rules a re f lexible to use b e c a u s e  of the p r o v i s i o n  of 

r e p r e s e n t i n g  m e t a - k n o w l e d g e  which a l l o w s  a p r o g r a m  to 

a n a l y z e  rules a nd r e ason a b o u t  c o mponents.

3. R u l e s  are e x p r e s s e d  in terms familiar to humans, so that 

reading ba c k  a line of r e a s oning to a s t u d e n t  m i g h t  be 

h e l p f u l .

G U D I O N  uses a T u t o r i n g  d i a l o g u e  a nd a S t u d e n t  model to 

interact with the student. T he T u t o r i n g  d i a l o g u e  is a " m ixed 

i n i t i a t i v e  dialogue, one in w h i c h  the s t u d e n t  or the s y s t e m  

may initiate a line of re a s o n i n g  a n d  f o llow up w i t h  it. 

G U I D O N  is very flexible in r e s p o n d i n g  to the s t u d e n t ’s 

initiative. It a l l o u B  the s t u d e n t  to s p e c i f y  wh a t  h e / s h e  

knows, w a n t s  to know and wants to ignore. T h e  e x c e r p t  b e l o w  

d e m o s t r a t e s  G U I D O N ’S flexibilty:

First the s t u d e n t  s t a r t s  by a s k i n g  about the s u b g o a l s  

rel e v e n t  to h i s / h e r  topic, which the s y s t e m  e x t r a c t s
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from M Y C l N ’s rules.

STUDENT: F a c t o r s

G U I D O N  : The following factors will be useful to d e t e r m i n e  

the type of the infection:

1. W h e t h e r  the m e n i n g i t i s  is p a r t i a l l y  treated.

2. W h e t h e r  a lumbar p u n c t u r e  has been p e r f o r m e d  on pt. 538.

3. T he d u r a t i o n  of the neurological signs.

A. T he C SF protein.

5. W h e t h e r  Pt 5 38 h as a rash c o n s i s t e n t  with h e r p e s  Zoster. 

STUDENT: Use 3.

G U I D O N  : T he d u r a t i o n  of the neurological s i g n s  is 7.2 hours 

using othe information a v a i l a b l e  to y o u  now. the 

d u r a t i o n  of the n e u r ological s i g n s  e n a b e l e s  y ou to 

c o n c l u d e  what the type of the in f e c t i o n  is 

bacterial (.2) viral (.2) [RULE 5241 

STUDENT: I know 2.

G U I D O N  : Good. NYC IN has also made a decision. T he si t e  of 

CULTURE-1 is e v i d e n c e  that a lumbar p u n c t u r e  has 

been p e r f o r m e d  on Pt. 538 [RULE 1121.

Back to our d i s c u s s i o n  of the type of the 

i n f e c t i o n . ..

S u m m a r y  of e v i d e n c e  that the type of the infection

is

bacterial (.98):
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1. T he fact that the m e n i n g i t i s  is p a r t i a l l y  t r e a t e d  (.95) 

is

e v i d e n c e  that the type of the infection is bacterial 

(. 19)

[ RULE 1483.

2. T he UBC from the C SF an d  the perc e n t  of P M N ’s in the CSF 

is

e v i d e n c e  that the type of the infection is bacterial

(.9)

[RULE 501 3.

T he G U I D O N  k n o w l e d g e  base includes finding. h y p o t h e s e s  

rules. tasks a nd relations. Any data that can be infered 

from rules a r e  findings which can be g e n e r a l l y  o b s e r v e d  or 

measured. H y p o t h e s e s  are infered from rules, they c a nnot be 

measured. H y p o t h e s e s  in the MYCIN k n o w l e d g e  ba s e  include 

d i s e a s e s  and p a t h o p h y s i o l o g i c a l  states. R e l a t i o n s  refer to 

medical c a l c u l u s  r e l ations and include s u b t y p e  c a uses  

(Clancey, 1982).

T he G U I D O N  k n o w l e d g e  base also includes facts (data) 

about findings and h y p o t h e s e s  as defi n e d  by r e l a t i o n s  (e.g. 

m e n i n g i t i s  is a s u b t y p e  of infection, h e a d a c h e  is a finding, 

and so on). It also c o n t a i n s  the d i a g n o s t i c  p r o c e d u r e  and 

d o main rules (e.g. if the patient has d o u b l e  v i s i o n  there is 

s u g g e s t i v e  e v i d e n c e  for intracarnial pressure). "Dynamic 

knowledge" is s i t u a t i o n  s p e c i f i c  and refers to i n formation
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that b e c o m e s  known only d u r i n g  a p r o b l e m - s o l v i n g  s e s s i o n  

<e.g. m a r y ’s t e m p e r a t u r e  is 102 degrees).

M Y C I N  u s e s  a d i a g n o s t i c  s t r a t e g y  k n o w n  as h e u r i s t i c 

c l a s s i f i c a t i o n  p r o b l e m  s o l v i n g  (Clancey. 1982). G i v e n  an 

e n u m e r a t e d  set of s o l u t i o n s  (e.g d i s e a s e s  of p o s s i b l e  

diagnoses). M Y C I N  h e u r i s t i c a l l y  ma p s  a set of findings into 

one or more p o s s i b l e  solutions. This d i a g n o s t i c  p r o c e d u r e  is 

r e p r e s e n t e d  as tasks which a re p r o c e d u r e s  that are s t a t e d  in 

a d e c l a r a t i v e  r u l e - b a s e d  language (Figure GUIDON-1). When a 

task is invoked. one or more of its m e t a - r u l e s  are a p p l i e d  

(Figure GUIDON-2). MYCIN al s o  uses a concept known as the 

d i f f e r e n t i a l  which is d e f i n e d  as the set of h y p o t h e s e s  

c u r r e n t l y  be i n g  considered. D i a g n o s i s  or s o l u t i o n s  a re  

r e p r e s e n t e d  in a tree and the differential r e p r e s e n t s  a cut 

thro u g h  this s o l u t i o n  space.

C o n c l u s i o n s  in a c o n s u l t a t i o n  are a s s o c i a t e d  with  

c e r t a i n t y  fact o r s  that r e p resent a degree of belief. Each 

h y p o t h e s i s  has both a c e r t a i n t y  factor <CF) a n d  a c u m u l a t i v e  

c e r t a i n t y  factor (CUMCF). T he CF r e p r e s e n t s  the c o m b i n e d  

c e r t a i n t y  of all rules that h a v e  c o n c l u d e d  d i r e c t l y  a b o u t  the 

hypothesis. The C U M C F  r e p r e s e n t s  a c o m b i n a t i o n  of the CF of 

a g i v e n  h y p o t h e s i s  with CF * s  of its d e s c e n d a n t s  in the 

d i s o r d e r  taxonomy. To illustrate e v i d e n c e  for m e n i n g i t i s  (a 

p o s i t i v e  CF) i n c r eases the C U M C F  of i n f e c t i o u s  p r o c e s s  

b e c a u s e  m e n i n g i t i s  is a s u b t y p e  of i n f e c t i o u s  process. This  

n e c e s s a r i l y  m e a n s  that n e g a t i v e  CF ' s  of a n c e s t o r s  ar e  also
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c o m bined; therfore. e v i d e n c e  a g a i n s t  i n f e c t i o n  can d e c r e a s e  

the C U M C F  of menin g i t i s .
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Engineer
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FIGURE GUIDON-1

THE GUIDON MDDEL
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IF
1. The patient has a s t i f f  neck on flexion, and 

£. The patient has a headache

THEN

If you are considering in fectio u s-p ro cess , 

th e re  Is su g g estiv e  evidence C5) th a t  th e

patient's Infection is meningitis 

FIGURE GUIDON-2

A DOMAIN RULE
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2 . 1 . 3 . 6 . 0 . 1  T he S T U D E N T  M O D U L E  -

When a s e s s i o n  b e gins wi t h  a student G U I D O N  c a l l s  on 

M Y C I N  to "solve" the c a s e  to be p r e s e n t e d  to the student.

T he d a t a  or output of the s o l u t i o n  of the consultation, 

c o n s i s t i n g  of M Y C I N ’s rule c o n c l u s i o n s  a n d  reco r d s  of why

rules did not apply, a re r e c o n f i g u r e d  into a c o m p l e t e  logic

tree of g o a l s  and rules. T he rules are indexed by the g o a l s  

they c o n c l u d e  about and the s u b g o a l s  or d a t a  n e e d e d  to a p p l y  

them. D u r i n g  the tutorial session, as the s t u d e n t  inquires 

about the pati e n t  and r e c e i v e s  more c a s e  data. the 

i n f o r m a t i o n  p r o v i d e d  and c o l l e c t e d  is used to d r i v e  M Y C I N ’s 

rules in a forward direction. Th u s  at any o ne time s o m e  of 

the rules w o u l d  ha v e  y i e l d e d  a c o n c l u s i o n  and o t h e r s  will

requ i r e  m o r e  information.

T h e  record of what the e x pert (i.e. in MYCIN) "knows" 

at any time d u r i n g  the s t u d e n t - r u n  c o n s u l t a t i o n  forms the 

b a s i s  for e v a l u a t i n g  a s t u d e n t ’s partial s o l u t i o n s  a nd 

p r o v i d i n g  assistance. T h e  model he r e  a s s u m e s  that a 

s t u d e n t ’s k n o w l e d g e  is a s u bset of the e x p e r t s  (MYCIN) 

k n o w l e d g e  ba s e  and that there ar e  unique r e a s o n i n g  path for 

m a k i n g  a p a r t i c u l a r  deduction.

T he s t u d e n t  model is c o m p o s e d  of three c o m p o n e n t s  

d e p i c t e d  in figure GUIDON-3. T h e  three c o m p o n e n t s  a re  

U S E — H I S T O R Y . S T U D E N T - A P P L I E D  and USED.
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U S E — HI S T O R Y  is repr e s e n t e d  sb a " c e r t a i n t y  factor", that 

c o m b i n e s  the b a c k g r o u n d  e v i d e n c e  with the i mplicit e v i d e n c e  

s t e m m i n g  from n e e d s  for a s s i s t a n c e  and v e r b a l i z e d  partial 

s o l u t i o n s  and from the exp l i c i t  e v i d e n c e  s t e m m i n g  from a 

d i rect q u e s t i o n  that tests k n o w l e d g e  of the rule.

S T U D E N T - A P P L I E D  records the p r o g r a m ’s b e l i e f  that the 

s t u d e n t  is ab l e  to apply the rule to the g i v e n  consultation. 

That is to say that the s t u d e n t  will refer to the rule to 

s u p p o r t  a c o n c l u s i o n  about the g i v e n  goal. T he model thus 

d i s t i n g u i s h e s  b e t w e e n  kno w i n g  a rule (USE-HI S T O R Y ) and being 

a b l e  to a p p l y  it (STUDENT-APPLIED). A s t u d e n t  for e x a m p l e  

may know the da t a  in s u b g o a l s  but is u n a b l e  to a c h i e v e  them.

T he third c o m p o n e n t  of the S t u d e n t  Model is c a l l e d  USED. 

Th i s  c o m p o n e n t  records the p r o g r a m ’s belief that the stud e n t 

w o u l d  m e n t i o n  a rule if a s k e d  to supp o r t  h i s / h e r  partial 

solution. T h e  record of what rules the s t u d e n t  is a b l e  to 

apply (STUDENT-APPLIED) or use. a r e  c o m b i n e d  with indirect 

e v i d e n c e  by c o m p a r i n g  c o n c l u s i o n  made by rules with the 

s t u d e n t ’s c o n c l u s i o n s  and wi t h  e v i d e n c e  that the s t u d e n t  may 

ha v e  r e m e m b e r e d  to a p p l y  in an earlier dialogue. This  

c o m b i n e d  e v i d e n c e  feeds back into the U S E - H I S T O R Y  m o d u l e  and 

a f f e c t s  the w ay the p r o g r a m  res p o n d s  to the partial s o l u t i o n  

and fee d b a c k  to the s t u d e n t  model.
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FIGURE GUIDON-3

STUDENT MODEL CDMPDNENTS
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2 . 1 . 3 . 6 . 0 . 2  G U I D O N  T U T O R I N G  S T R A T E G I E S  -

G U I D O N  uses v a r i o u s  t u t o r i n g  s t r a t e g i e s  a n d  styles. 

O p p o r t u n i s t i c  t u t o r i n g  is one s t r a t e g y  in w h i c h  p r e s e n t a t i o n  

m e t h o d s  " o p p o r t u n i s t i c a l l y "  adapt m aterial to the n e e d s  of 

the dialogue. T h e  tutor is s e n s i t i v e  to h ow a tutorial 

d i a l o g u e  is composed. what i n t e r r u p t i o n s  a n d  p r o b i n g  a re 

n e c e s s a r y  in this kind of situation. G U I D O N  c o r r e c t s  the 

s t u d e n t  b e f o r e  q u i z z i n g  h i m / h e r  a b o u t  " m i s s i n g  h y p o t h e s e s . "  

a s k s  q u e s t i o n s  a b o u t  rec e n t l y  m e n t i o n e d  d a t a  to test h i s / h e r  

u n d e r s t a n d i n g  of its use. q u i z z e s  h i m / h e r  a b o u t  rules, 

follows h i n t s  and c o m m e n t s  on the s t a t u s  of a problem.

G U I D O N  also u s e s  a p e d a g o g i c a l  s t y l e  i m plicit in i t ’s 

t ea c h i n g  rules. It p r o v i d e s  short o r i e n t a t i o n  l e c t u r e s  to 

the student, u s i n g  tut o r i n g  rules. T he t u t o r i n g  p r o c e s s  is 

g o v e r n e d  by the f o l l o w i n g  princ i p l e s :

1. P r o v i d e  assistance, m e t h o d i c a l l y  i n t r o d u c i n g  small s t e p s  

that will c o n t r i b u t e  to the p r o b l e m ’s solution. 

A s s i s t a n c e  s h o u l d  be general a nd s h o u l d  r e mind the 

s t u d e n t  with s t r a t e g i e s  he a l r e a d y  lear n e d  a n d  to 

e n c o u r a g e  the s t u d e n t  to a d v a n c e  the s o l u t i o n  u s i n g  ca s e  

d a t a  h e /she a l r e a d y  used.

2. P r o b e  the s t u d e n t ’s u n d e r s t a n d i n g  by r e s p o n d i n g  wi t h  

partial solutions.
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3. E x a m i n e  the s t u d e n t ’s u n d e r s t a n d i n g  a nd in t r o d u c e  neu 

i n f o r m a t i o n  w h e n e v e r  there is an oppo r t u n i t y .

4. Be P e r s p i c u o u s  by h a v i n g  an e c o n o m i c a l  p r e s e n t a t i o n  

s t r a t e g y  an d  a d h e r e  to c o n v e n t i o n a l  patterns.

5. P r o v i d e  o r i e n t a t i o n  to new tasks by g i v i n g  an o r g a n i z e d  

c o n s i d e r a t i o n s  he/ sh e  s h o u l d  be m a k i n g  w i t h o u t  g i ving 

a w a y  the s o l u t i o n  to the problem.

6. S t r i c t l y  g u i d e  the d i a l o g u e  by i n d i c a t i n g  the e nd of a 

t opic and when i n f e r e n c e s  a re complete.

G U I D O N  res e a r c h  c l e a r l y  d e m o n s t r a t e s  the a d v a n t a g e s  of 

separate, e x p l i c i t  r e p r e s e n t a t i o n s  of b o t h  t e a c h i n g  k n o w l e d g e  

(i.e methods, style. strategies) and s u b j e c t  matter. It 

s h o w s  that the s u dent s h ould be t a ught n o n - t r i v i a l  p r o b l e m s  

in w h i c h  h e / s h e  c an e x c e r c i s e  h i s / h e r  wits. T he G U I D O N 

r e s e a r c h  also d e m o n s t r a t e d  that the needs of t u t o r i n g  can 

d i r e c t  r esearch toward m o r e  p s y c h o l o g i c a l l y  valid 

r e p r e s e n t a t i o n  of d o m a i n  knowledge, w h i c h  will b e n e f i t  other 

r e s e a r c h  of e x p e r t  s y s t e m s  that r e q u i r e  h u m a n  i n t e r a c t i o n  

p a r t i c u l a r l y  those of k n o w l e d g e  a c q u i s i t i o n .  a c c e s s  and 

u tilization.

2 .1.4 C O N C L U D I N G  R E M A R K S

2-63

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E V IEW  OF L I T E R A T U R E

T h e  Intelligent C o m p u t e r  A s s i s t e d  I n s t r u c t i o n s  s y s t e m s  

d i s c u s s e d  in this c h a p t e r  teach s u b j e c t  m a t t e r  of v a r i o u s  

d i s c iplines. Th e y  u se a v a r i e t y  of learning a p p r o a c h e s  and 

techniques. T h e  l i t e r a t u r e  s h o w s  th a t  Artificial

Inte l l i g e n c e  t e c h n i q u e s  a re be s t  s u i t e d  for a "l e a r n i n g  by 

d oin g "  environment. S o f t w a r e  p r o g r a m s  r u n n i n g  on a p p r o p r i a t e  

h a r d w a r e  and s u i n g  A1 t e c h n o l o g y  can p r o v i d e  e f f i c i e n t  tools 

for a rich learning experience.

T h e  res e a r c h  p r e s e n t e d  h e r e  s r u g g l e s  w i t h  the c o m p l e x i t y  

of k n o w l e d g e  representation* a q u i s i t i o n  a n d  utilization. 

T h i s  s t r u g g l e  can result in p r o v i d i n g  l e a r n i n g  e n v i r o n m e n t  

w h e r e  lea r n e r s  can deal w i t h  c o m p l e x  ideas w i t h o u t  formal 

schooling. T h i s  is s t r o n g l y  s u g g e s t e d  by the g r e a t  d i v e r s i t y  

of h u m a n  c u l t u r e s  and the a b i l i t y  to observe. L e a r n i n g  by 

doing w h i c h  is the m e t h o d  AI is best s u i t e d  for. is s t r o n g l y  

s u p p o r t e d  by the w o r k s  of P i a g e t  and his c o l l e a g u e s  (Piaget 

and Inhelder* 1969). The litera t u r e  reviewd in this c h a p t e r  

is g r e a t l y  o r i e n t e d  towa r d s  i m p l e m e n t i n g  t he "l e a r n i n g  by 

doing" m e t h o d  as is the c a s e  in the G U I D O N  work. Artificial 

I n t e l l i g e n c e  s o f t w a r e  thus far d e v e l o p e d  p r o v i d e s  its own 

fee d b a c k  m e c h a n i s m  so that leaves no room for the traditional 

"teacher" role in the learning by d o i n g  e n v i r onment.

T h e  q u e s t i o n  is then if learning by d o i n g  is the way to 

go th e n  waht a re g o o d  tools to g i v e  to the s t u d e n t  who is 

l e a r n i n g  by doing?. S o m e  of the techni q u e s  of the research 

of t h i s  c h a p t e r  s u c h  as the G U I D O N  r e s e a r c h  have tried to
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d e m o n s t r a t e  s o m e  of the tools for learning. R e v i e w  of the 

r e s e a r c h  thus far d o n e  in the a r e a  of a p p l i c a t i o n s  of AI to 

e d u c a t i o n  d id not p r o v i d e  imperical da t a  to s u p p o r t  the 

c l a i m s  of the res e a r c h  on the e f f e c t i v e n e s s  of the s o f t w a r e  

s y s t e m s  of ICAI. R e s e a r c h  in this a r e a  has been c o n c e r n e d  

m a i n l y  with the i m p l e m e n t a t i o n  and internal v e r i f i c a t i o n  of 

the c o m p u t e r  programs. Al s o  the lea r n i n g  procedures,  

dialog u e s .  k n o w l e d g e  r e p r e s e n t a t i o n  have b e e n  the c e n t e r  of 

i n v e s t i g a t i o n  with o u t  s c i e n t i f i c  testing of the e f f e c t i v e n e s s  

of the a p p l i c a t i o n s  to education. T e s t i n g  is do n e  to d e b u g  

the s o f t w a r e  as part of the p r o g r a m m i n g  efforts. T he lack of 

imperical data in the l i t e r a t u r e  s t r o n g l y  s e g g e s t s  the need 

for testing. The c l a i m  that ICAI p r o v i d e s  feedback and 

e f f e c t i v e  tools must be s u p p o r t e d  by imperical data. Also 

t e s t i n g  s h o u l d  be d o n e  in d i f f e r e n t  c u l t u r a l  a n d  e t hnic 

e n v i r o n m e n t s  using m o r e  v a r i e t y  of s u b j e c t  matter.

T h i s  res e a r c h  is a i m e d  at d e v e l o p i n g  and a d a p t i n g  ICAI 

s o f t w a r e  and field test it to p r o v i d e  some imperical da t a  on 

the subject. Much m o r e  res e a r c h  is n e e d e d  b e f o r e  the 

e f f e c t i v e n e s s  of t h i s  AI t e c h n o l o g y  can b e  accepted. The 

p r i n c i p l e s  a nd m e t h o d o l o g y  of s c i e n t i f i c  r e s e a r c h  m u s t  be  

a p p l i e d  in order to o b t a i n  the d e s i r e d  imperical da t a  p r o v i n g  

the e f f e c t i v e n e s s  issue r a ised by this research. Such  

s c i e n t i f i c  m e t h o d o l o g y  for c a r r y i n g  out this i n v e s t i g a t i o n  is 

p r e s e n t e d  in the next chapter.
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CH A P T E R  3 

M E T H O D O L O G Y

3 . 1  P O P U L A T IO N

Th i s  e x p e r i m e n t  was d e s i g n e d  to test the e f f e c t i v e n e s s  

of a p p l y i n g  the AI c o m p u t e r - b a s e d  i n t e l l i g e n t  tutoring 

technology. The p o p u l a t i o n  was c h osen as the ent e r i n g  

freshman "arts" s t u d e n t s  r e g i s t e r i n g  for CS103; " i n t r o d u c t i o n  

to c o m p u t e r s "  b e c a u s e  this c l a s s  of s t u d e n t s  h ad never been 

s u b j e c t e d  to any k n o w l e d g e  about computers, as J o r d a n i a n  high 

s c h o o l s  did not teach this subj e c t  matter at the time this 

research w as conducted. Th i s  m e a n t  that the s t u d e n t s  were 

a s s u m e d  to h a v e  little k n o w l e d g e  about computers. The 

c u r r i c u l u m  (see A p p e n d i x  A) for the c o u r s e  C S 1 0 3  h ad been 

used as p r o v i d e d  by the C o m p u t e r  S c i e n c e  D e p a r t m e n t  at 

Y a r m o u k  U n i v e r s i t y  at the time of this study.

S t u d e n t s  who took part in the ICAI res e a r c h  or the 

experimental g r o u p  we r e  s e l e c t e d  as follows:

R e g i s t r a t i o n  of all s t u d e n t s  at Yarm o u k  U n i v e r s i t y  for the 

fall s e m e s t e r  of 1985 took p l a c e  between S e p t e m b e r  7th and 

the 14th. 1986. I n s t ructions b e g a n  on S e p t e m b e r  20. 1986.
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The d r o p / a d d  p e r i o d  e x t e n d e d  from S e p t e m b e r  20 thro u g h 

S e p t e m b e r  28th. 1986. R e g i s t r a t i o n s  a n d  a d d / d r o p s  w e r e  all 

e n t e r e d  into the U n i v e r s i t y ’s c o m p u t e r  system. T he 

p o p u l a t i o n  for this study w a s  taken as a l 1 the s t u d e n t s  

r e g i s t e r e d  for C S 1 0 3  c o u r s e  i m m e d i a t e l y  a f t e r  the a d d / d r o p  

period. T h i s  p o p u l a t i o n  was 912 s t u d e n t s  of w h i c h  47% w e r e  

females and 53% were males.

3.2 S A M P L I N G

A c o m p u t e r  program was p r e p a r e d  by the r e s e a r c h e r  to 

draw a s a m p l e  (experimental group) of 40 s t u d e n t s  from the 

population, r a ndomly using the f o l l o w i n g  r a n d o m i z i n g  function 

a lgorithm:

Let S=DSEED. Th e n  d e v i a t e s  R(i) w h e r e  1 = 1 . 2 . . ...N a r e

g e n e r a t e d

by SO = D S E E D

S < i ) = (7##5)#S(i)# < M 0 D < (2)##31 — 1>)

R (i ) = (2»*(-31)>*s<i>

This g e n e r a t o r

Five s a m p l e s  

a p p r o x i m a t e d  

chosen. The

is reported in IMSL.

and 

n the 

then

the one that 

p o p u l a t i o n  was 

s e p a r a t e d  the

of 40 

best the 

C om p u t e r

each were d r a w n  

m a l e / f e m a l e  ratio i 

S cie n c e  D e p a r t m e n t
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40 s t u d e n t s  c h o s e n  in the s a m p l e  into one s e c t i o n  c a l l e d  "the 

e x p e r i m e n t a l  ICAI" section.

3 .3 D E S I G N  OF THE E X P E R I M E N T

T h e  render, e a m p l e  or the E - G r o u p  was g i v e n  the 

treatment. The b a l a n c e  of the p o p u l a t i o n  c o n s t i t u t e d  the 

control g r o u p  d e s i g n a t e d  the C-group. S i n c e  the C - g r o u p  was 

the r e m a inder of the p o p u l a t i o n  a n d  w as t w e n t y  times as large 

as the E - g r o u p  then it was a " n o n - e q u i v a l e n t "  group. In the 

t e r m i n o l o g y  of s t a t i s t i c a l  d e s i g n s  of e x p e r i m e n t s  this would  

fall in the c a t e g o r y  of "time s e r i e s  m e a s u r e s  n o n - E q u i v a l e n t  

e x p e r i m e n t a l  control g r o u p  d e s i g n s "  d e s c r i b e d  by F i t z - G i b b o n  

and M o r r i s  (1978) as "design n u m b e r  5". T he E - G r o u p  were 

tuto r e d  by the c o m p u t e r  " i n t e l l i g e n t "  p r o g r a m  w h i l e  the 

C - G r o u p  we r e  taught as usaul by an instru c t o r  the 

t r a d i t i o n a l - l e c t u r e  way. T h e  c o u r s e  or s u b j e c t  m a t t e r  taught 

was intr o d u c t o r y  c o m p u t e r  s c i e n c e  c o u r s e  C S 1 0 3  taught 

ro u t i n e l y  to e n t e r i n g  "arts" f reshman students. C S 1 0 3  

general c o m p u t e r  s c i e n c e  k n o w l e d g e  was c h o s e n  b e c a u s e  it 

lends itself to be r e p r e s e n t e d  in rules w h i c h  will ma k e  the 

t u t o r i n g  p r o g r a m  look more like a h u m a n  expert.

3.4 R E S E A R C H  INSTRUMENTS

The ICAI res e a r c h  c o n d u c t e d  in this s t u d y  us e s  three
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instruments:

1. A c h i e v e m e n t  tests.

2. E v a l u a t i o n  q uestionaire.

3. N o t e s  of the researcher.

A c h i e v e m e n t  t e s t s  were p r e p a r e d  j o i n t l y  by all the t e a c h e r s  

of c o u r s e  C S 1 0 3  and w e r e  c o n d u c t e d  at the s a m e  time for all 

s t u d e n t s  of C S 1 0 3  i n c luding those of the e x p e r i m e n t a l  group. 

T he t ests we r e  also c o r r e c t e d  by all t e a c h e r s  u s i n g  a n s w e r s  

a g r e e d  upon by all the instructors. E a c h  i n s t r u c t o r  rec e i v e d 

the test p a p e r s  and results for s t u d e n t s  taught by h i m / h e r  

in c l u d i n g  the ICAI e x p e r i m e n t a l  g r o u p  s u p e r v i s o r  

< r e s e a r c h e r ).

Two A t t i t u d e  E v a l u a t i o n  Q u e s t i o n a i r e s  we r e  prepared. 

O ne w a s  for the e x p e r i m e n t a l  g r o u p  for e v a l u a t i o n  of the ICAI 

technique. T he s e c o n d  q u e s t i o n a i r e  w a s  p r e p a r e d  to be filled 

by all c o u r s e  C S 1 0 3  students.

N o t e s  of the r e s e a r c h e r  a r e  not used to test the 

h y p o t h e s e s  of this study. I n f o r m a t i o n  c o n t a i n e d  in the 

r e s e a r c h e r s  n o t e s  are important to the c o n d u c t  of the 

r e s e a r c h  and to ma k e  general c o n c l u s i o n s  a b o u t  the b e h a v i o r  

of the s t u d e n t s  w h i c h  o t h e r w i s e  will be d i f f i c u l t  to m e a s u r e  

s u c h  a s  c u ltural m o t i v a t e d  behavior. As an e x a m p l e  of su c h 

b e h a v i o r  is the general remarks the s t u d e n t  m ay m a k e  about 

c o m p u t e r s  and their re l e v a n c e  to society.
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3 . 5  DATA C O L L E C T IO N

T h e  e x p e rimental g r o u p  was s c h e d u l e d  for instruction. 

Th e  time of inst r u c t i o n  using the c o m p u t e r  w as a s s i g n e d  b a s e d  

on the choice of the student. The g r o u p  was also g i v e n  an 

o r i e n t a t i o n  on the research and the ICAI p r o g r a m  and how it 

works. T he s t u d e n t s  then star t e d  to u se the ICAI Intelligent 

T u t o r i n g  System (ITS) d e s c r i b e d  below, running on the IBM-PC 

XT computer. T he stud e n t  was a l l o w e d  to c o n s u l t  c o m p u t e r 

s c i e n c e  r eferences if they felt a need for it. The s t u d e n t  

is tuto r e d  by the ICAI program as d e s c r i b e d  under ICAI 

t u t o r i n g  module.

T h r e e  tests were c o n d u c t e d  for all C S 1 0 3  students. Two 

m i d - t e r m s  and o ne final. The tests we r e  p r e p a r e d  j o i n t l y  by 

all tea c h e r s  of C S 1 0 3  including the ICAI s e c t i o n  researcher. 

S a m p l e  tests are de s c r i b e d  b e l o w  u n d e r  " R e s e a r c h  

Instruments". T he a t t i t u d e  e v a l u a t i o n s  a re d o n e  at the en d  

of the treatment or c o u r s e  only, u n like the a c h i e v e m e n t  tests 

wh i c h  a re a d m i n i s t e r e d  three times. A t t i t u d e  Q u e s t i o n a i r e s  

we r e  d i s t r i b u t e d  a l o n g  with the final e x a m i n a t i o n  or 

a c h i e v e m e n t  test at the end of the semester. All s t u d e n t s  

(the e n t i r e  p o p u l a t i o n  ) were a s k e d  to a n s w e r  the q u e s t i o n s  

in the a c h i e v e m e n t  test and to fill out the A t t i t u d e  

Questionaire. T he a c h i e v e m e n t  test s c o r e s  and the a t t i t u d e

q u e s t i o n a i r e s  we r e  then collected. T h e  s c o r e s  from the 

first. the s e c o n d  m i d - t e r m  e x a m s  and the final s c o r e s  were 

c o l l e c t e d  and p r e p a r e d  for c o m p u t e r  da t a  entry. Also the
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A t t i t u d e  Q u e s t i o n a i r e s  we r e  c o d e d  in special da t a  s h e e t s  for 

c o m p u t e r  data entry. All d a t a  c o l l e c t e d  w a s  e n t e r e d  into the 

c o m p u t e r  for a n a l y s i s  b y  the S P S S X  program.

H Y P O T H E S E S

T h e  h y p o t h e s e s  of this s t u d y  c o n c e r n e d  the e f f e c t i v e n e s s  

of k n o w l e d g e  b a s e d  e x p e r t  s y s t e m s  t e c h n i q u e s  of AI in

d e v e l o p i n g  c o m p u t e r  based i n t e l l i g e n t  t u t o r i n g  and a t t i t u d e  

of s t u d e n t s  a n d  we r e  formul a t e d  as follows:

1. Null h y p o t h e s i s  <H0) : T he Null h y p o t h e s i s  s t a t e s  that

th e r e  is no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in the 

m e a n  of t he m u l t i - v a r i a t e  v e c t o r  of the a t t i t u d e  and the

a c h i e v e m e n t  test s c o r e s  of s t u d e n t s  t a u g h t  by the ICAI

m e t h o d  and the traditional lec t u r e  method. In other 

w o r d s  the mean of the m u l t i - v a r i a t e  v e c t o r  a t t i t u d e  a nd  

a c h i e v e m e n t  of the E - g r o u p  is equal to the me a n  of the 

m u l t i - v a r i a t e  v e c t o r  a t t i t u d e  a nd a c h i e v e m e n t  of the 

C-group.

M a t h e m a t i c a l l y  e x p r e s s e d  as:

HO: U(E) = U(C)

W h e r e  U(E) is the m e a n  of the m u l t i - v a r i a t e  v e c t o r  of

a t t i t u d e  a nd a c h i e v e m e n t  of the E-group.

And U (C ) is the me a n  of the m u l t i - v a r i a t e  vector of

a t t i t u d e  and a c i e v e m e n t  of the C-group.
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2. The a l t e r n a t i v e  h y p o t h e s i s  (HI): T he a l t e r n a t i v e

h y p o t h e s i s  s t a t e s  that the mean of the m u l t i - v a r i a t e  

vector of the a t t i t u d e  a nd a c h i e v e m e n t  test s c o r e s  of 

stu d e n t s  taught by the ICAI m e t h o d  is g r e a t e r  than that 

of the traditional lecture method.

M a t h e m a t i c a l l y  e x p r e s s e d  as:

H I : U (E ) > U(C)

If HO were rejected in favour of HI (i.e. the 

p e r f o r m a n c e  of the E - g r o u p  is sup e r i o r  to that of the 

C-group) this would p r o v i d e  e v i d e n c e  of the e f f e c t i v e n e s s  of 

the ICAI m e thod on the a c h i e v e m e n t  and a t t i t u d e  of the 

students. On the other hand if HO were not rejected at the 

5% level of confidence. then this would imply that the 

pe r f o r m a n c e  of the expe r i m e n t a l  g r o u p  is at least as good as 

that of the C-group. The e f f e c t i v e n e s s  of the ICAI m e t h o d  in 

either case w o u l d  be e s t a b l i s h e d  s i n c e  the t e c h n i q u e  of using 

ICAI tutoring by c o m p u t e r  p e r f o r m e d  as well or bett e r  than 

the traditional t e aching method.

S i m i l a r l y  the u n i v a r i a t e s  stud e n t  a t t i t u d e s  and 

ac i e v e m e n t  test s c o r e s  w e r e  tested. In other words, 

hy p o t h e s e s  were f ormulated to test the p e r f o r m a n c e  of the 

E- g r o u p  as com p a r e d  to the p e r f o r m a n c e  of the C - g r o u p  on the 

basis of a c hievement and a t t i t u d e  separately.
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3.6 L I M I T A T I O N S  A ND A S S U M P T I O N S

A s o u r c e  of d i f f i c u l t y  in c a r r y i n g  out an inv e s t i g a t i o n 

and e v a l u a t i o n  is the a d h e r a n c e  to a set of parameters. 

A d e q u a t e  d e f i n i t i o n  of the l i m i t a t i o n s  c o n c e r n i n g  the n a t u r e  

and s c o p e  of an e x p e r i m e n t  must be stated. With o u t  such 

definition* the a p p l i c a t i o n  and the social s i g n i f i c a n c e  of 

the research suffers. It is al s o  e q u a l l y  true of the 

d e f i n i t i o n  of the p o p u l a t i o n  to w h i c h  the s t u d y  a p p l i e s  its 

research. T he v a l i d i t y  of the e x p e r i m e n t  w o u l d  also be 

q u e s t i o n a b l e  without p u t t i n g  limitations on the s c o p e  of the 

s t u d y  and the d e f i n i t i o n s  of c o n s t r u c t s  on the one hand* and 

without test i n g  the a s s u m p t i o n ’s u n d e r l y i n g  the stati s t i c a l 

m o d e l s  a p p l i e d  on the other. T h e  d e l i m i t a t i o n s  and clear 

d e f i n i t i o n s  of the p a r a m e t e r s  of the s t u d y  a r e  also n e c e s s a r y  

to facili t a t e  the r e plication of the e x p e r i m e n t  which is 

essential for scien t i f i c  credibility.

The research on the other hand, cannot be too s p e c e f i c 

at the e x p e n s e  of using l i m i t a t i o n s  rather than u s i n g  p r oper 

expe r i m e n t a l  s t r u c t u r e  a nd d e s i g n  that ma k e  the s t u d y  

meaningful and replicable. T he e x p e r i m e n t  a n d  the c o n d i t i o n s  

under w h i c h  it was c o n d u c t e d  must be d u p l i c a t e d  a nd a p p l i e d  

in order to c o n t r i b u t e  to the body of knowledge. T h u s  

k eeping these c o n c e r n s  in mind* the l i mitations and 

a s s u m p t i o n s  of this study w e r e  formulated.
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Th i s  s t u d y  is c o n d u c t e d  with "arts" freshman s t u d e n t s  

(see c h a p t e r  I) of Yarmouk University. A l t h o u g h  Yarmouk 

U n i v e r s i t y  has some s t u d e n t s  who are c u l t u r a l l y  not 

A rab/Islamic. n o n e  of the s t u d e n t s  e n r o l l e d  in the c o urse  

CS 1 0 3  in the Fall s emester of 1986 we r e  as Buch. The 

i m plication in this s t u d y  is that what may be a p p l i c a b l e  in 

the W e s t e r n  c u l t u r e  may not be n e c e s s a r i l y  a p p l i c a b l e  in an 

A r a b / I s l a m i c  c u l t u r e  and vice versa. Th i s  is the main 

di f f e r e n c e  betw e e n  this i n v e s t i g a t i o n  and similar 

i n v e s t i g a t i o n s  c o n d u c t e d  in the West e r n  Societies. In view 

of this, p o p u l a t i o n  of the study. e s p e c i a l l y  the s a mple 

s e l e c t e d  for the experiment. would represent the general 

A r a b / I s l a m i c  stud e n t  p o p u l a t i o n s  in Jordan but to a limited 

degree.

T he s a m p l e  si z e  E - G r o u p  is c h o s e n  to be 40 with a ratio 

of 4 9% females to 51% males. Th i s  a p p r o x i m a t e s  the ratio of 

fe m a l e s / m a l e s  in the population; the C-Group. A l t h o u g h  ca r e  

was taken that the m a l e / f e m a l e  ratio in the experimental 

gr o u p  be r e p r e s e n t a t i v e  of the ratio found in the limited 

p o p u l a t i o n  d e f i n e d  for this study, this ratio is by no m e a n s  

r e p r e s e n t a t i v e  of the m a l e / f e m a l e  ratio of the s t u d e n t s  in 

J o r d a n i a n  universities.

Th i s  s t u d y  c a n n o t  detect or control the interaction 

b e t w e e n  sex and the treatment or the diff e r e n t i a l  effect of 

treatment on male and female students. There are a l w a y s  

u n f o r s e a b l e  factors that may pose potential threats to
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internal and external v a l i d i t i e s  of the results. T he  

r e s e a r c h e r  a s s u m e d  that the H a w t h o r n e  a n d  n o v e l t y  e f f e c t s  

will level off by the e n d  of the semester.

O n e  po t e n t i a l  t h reat to internal v a l i d i t y  of the r e s u l t s  

c o u l d  be the e x p e r i m e n t e r ’s u n c o n s c i o u s  bias. T he control 

g r o u p  s t u d e n t s  w e r e  taught by seve r a l  i n s t r u c t o r s  b ut the 

E - g r o u p  w a s  t a ught by the c o m p u t e r  and s u p e r v i s e d  by the 

r e s e a r c h e r  himself. O b v i o u s l y  s t r i c t  s c i e n t i f i c  n e u t r a l i t y  

was o b s e r v e d  by the researcher, nev e r t h e l e s s ,  it s h o u l d  be 

p o i n t e d  out that p o s i t i v e  effects, to a minimal d e g r e e  of the 

u n c o n s c i o u s  m o t i v a t i o n s  of t he e x p e r i m e n t e r  on the 

a c h i e v e m e n t  of the E - g r o u p  s t u d e n t s  c a n n o t  be s t r i c t l y  ruled 

out.

Finally. the usual a s s u m p t i o n s  u n d e r l y i n g  the 

m u l t i v a r i a t e  a n a l y s i s  of v a r i a n c e  model w e r e  held and c h e c k e d  

out by a p p r o p r i a t e  means. No o u t s t a n d i n g  d e p a r t u r e s  e i t h e r  

from m u l t i v a r i a t e  n o r m a l i t y  of d i s t r i b u t i o n s  or h o m o g e n i e t y  

of the d i s p e r s i o n  m a t r i c e s  we r e  s u s p e c t e d  on the b a s i s  of the 

o b s e r v e d  data.

ICAI r e s e a c h e r s  have used several t u t o r i n g  s t rategies. 

M i x e d - i n t i a t i v e .  coaching, c o n s u l t a t i o n  and the S o c r a t i c  a r e  

s o m e  of t h e s e  strategies. So m e  r e s e a r c h  u s e s  mo r e  than o ne 

at the s a m e  time. Most use only one in the d e s i g n  of ICAI 

p r o g r a m s  to avoid c o m p l e x i t y  a nd u n r e a s o n a b l e  r e s p o n s e  time 

from the machine. T h e  " c o n s u l t a t i o n "  s t r a t e g y  is
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c h a r a c t e r i z e d  by " l e a r n i n g  t h r o u g h  an expert". T h i s  s t u d y  is 

limi t e d  to the u se of the " c o n s u l t a t i o n "  a p p r o a c h  typical of 

e x p e r t  s y s t e m s  t e c h n i q u e s  used in the G U I D O N  res e a r c h  

c o n d u c t e d  by C l a n c e y . (1979).

As there a r e  several tut o r i n g  s t r a t e g i e s  of w h i c h  this 

s t u d y  ic e m p l o y i n g  " c o n s u ltation"* so t h e r e  a r e  seve r a l  

t e c h n i q u e s  of AI. T h i s  s t u d y  is limited to the u s e  of 

k n o w l e d g e  based e x pert s y s t e m s  t e c h n i q u e s  in the d e s i g n  of 

the ICAI p r o g r a m  of this study. The k n o w l e d g e  base is 

r e p r e s e n t e d  in rules a nd the tu t o r i n g  s t r a t e g y  is m o d e l e d  

s e p a r a t e l y  as the e x pert who uses p r o b l e m  s o l v i n g  p r o c e d u r e s  

s i m i l a r  to those of an e x p e r t  in a g i v e n  domain. T he s u b j e c t  

ma t t e r  or k n o w l e d g e  ba s e  is in the d o m a i n  of c o m p u t e r  s c i e n c e  

and it is limited to an i n t r o d u c t o r y  k n o w l e d g e  in the 

s u b j e c t s  as d e f i n e d  by the c u r r i c u l u m  of C S 1 0 3  at Y a r m o u k  

University.

T he s t u d y  is al s o  limited to m e a s u r e m e n t s  of a c h i e v e m e n t  

as m e a s u r e d  a nd d e f i n e d  by the test d u r i n g  an d  a f t e r  the 

c o m p l e t i o n  of the c o u r s e  a nd to a t t i t u d e  m e a s u r e m e n t s  of bo t h  

the E - G r o u p  and the C-Group.

3 .7 M E T H O D O L O G Y  

V A R I A B L E S
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The i n d ependent v a r i a b l e  of the s t u d y  wa s  the t r e atment

v ia m e t h o d  of t e aching w h i c h  had two levels:

1. Th e  ICAI m e t h o d  of tea c h i n g  c a l l e d  the expe r i m e n t a l

method.

2. T h e  traditional lecture method.

The d e p e n d e n t  v a r i a b l e s  of the study w e r e  a c h i e v e m e n t

a nd a t t i t u d e  of the students.

1. A c h i e v e m e n t  was d e f i n e d  in terms of the c o u r s e  o b j e c t i v e s

and m e a s u r e d  by a c h i e v e m e n t  tests d u ring the c o n d u c t  and 

at the c o n c l u s i o n  of the course.

2. A t t i t u d e  of the learners towards the c o u r s e  and the 

m e t h o d  of teaching was m e a s u r e d  by the s c a l e s  d e s i g n e d  by

the researcher for the p u r p o s e  of this study.

T he teaching m e t h o d s  as well as the s t u d e n t  e v a l u a t i o n  

p r o c e d u r e s  are d e s c r i b e d  below.

3.7.1 D E S C R I P T I O N  OF T H E  R E S E A R C H  P R O C E D U R E S

3.7.1.1 ICAI M e thod Of Instruction -

3-12

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

METHODOLOGY

3. 7 . 1 . 1 . 1  THE I N T E L L I G E N T  T U T O R I N G  S Y S T E M  (ITS) -

T he ICAI p r o g r a m  u s e d  in this e x p e r i m e n t  is an 

I n telligent T u t o r i n g  S y s t e m  (ITS) b a s e d  on r esearch into 

I ntel l i g e n t  C o m p u t e r  A s s i s t e d  Instr u c t i o n  that c o n t a i n  

e x p e r t i s e  on the d o m a i n  they are teaching. ITS a l l o w s  

t w o - w a y  interaction. T he s y s t e m  c o n t r o l s  the learning lesson 

p l a n n e d  by p r e s e n t i n g  the s t u d e n t  with a m e n u  of p r o b l e m s  to 

be solved. The s t u d e n t  c h o o s e s  a p r o b l e m  to s o l v e  or the 

s y s t e m  m ay c h o o s e  a p r o b l e m  b a s e d  on the s t u d e n t ' s  k n o w l e d g e 

profile. T he s y s t e m  q u e s t i o n s  the s t u d e n t  ab o u t  his/ h e r  

p r o b l e m - s o l u t i o n  and as the s t u d e n t  p r o v i d e s  information 

p r e s u m a b l y  leading to a s o l u t i o n  the s y s t e m  in t e r a c t s  with 

the k n o w l e d g e  b a s e  to find an e x p l a n a t i o n  of w h e r e  the 

s t u d e n t  is going wrong. T h e  ITS s y s t e m  m a i n t a i n s  a stud e n t 

model. w h i c h  c o n t a i n s  i n f o r m a t i o n  a b o u t  the level of 

k n o w l e d g e  of the student. It u s e s  this k n o w l e d g e  to g u i d e  

the t u t o r i n g  s t r a t e g y  in s u c h  a w a y  as to c o n c e n t r a t e  mo r e  on 

t u t o r i n g  e f f o r t s  w h e r e  the s t u d e n t  n e e d s  m o r e  training. As 

the s t u d e n t  progresses. learns and a n s w e r s  q u e s t i o n s  the 

s y s t e m  keeps track by r e c o r d i n g  w h a t  the s t u d e n t  k n o w s  or 

do e s  not know.

T h e  ITS p r o g r a m  i n c o r p o r a t e s  three e l e m e n t s  to do its

j o b :
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1. K n o w l e d g e  of the student.

2. K n o w l e d g e  of the subject.

3. C o n s u l t a t i o n  d i a l o g u e  w i t h  the student.

T h e  <1TS) p r o g r a m  t e a c h e s  a v a r i e t y  of s u b j e c t s  as long 

as these s u b j e c t s  are well d e f i n e d  and lend t h e m s e l v e s  to 

being r e p r e s e n t e d  as rule-b a s e d  programs. T h i s  is important 

to ITS s i n c e  it u t i l i z e s  a ru l e - b a s e d  r e p r e s e n t a t i o n  of the 

s u b j e c t  e x p e r t i s e  in order to impart k n o w l e d g e  of the 

subject. This is a c o n t i n u a t i o n  of the line of research 

u n d e r t a k e n  by S O P H I E  (Brown et al> 1975) and G U I D O N  (Clancey. 

1982). see also C h a p t e r  II. By r e p r e s e n t i n g  k n o w l e d g e  in 

rules ITS "executes" the set of rules and. on the basis of a 

c o m p a r i s o n  of its s o l u t i o n  to a s t u d e n t ’s, p r o v i d e  a c r i t i q u e  

of the s t u d e n t ’s m i s c o n ceptions. The goal of t r a i n i n g  is 

also c l a r i f i e d  by p o i n t i n g  out the r u l e - p a t h  to the right 

solution. The p r o g r a m  is used by the s t u d e n t  m a i n l y  in a 

c o n s u l t a t i v e  role and m i s c o n c e p t i o n s  ar e  c o r r e c t e d  and 

rec o r d e d  in the k n o w l e d g e  ba s e  for future use.

ITS. also as used in this research. p r o v i d e s  

i n d i v i d u a l i z e d  learning by a d a p t i n g  its p a t t e r n  of beh a v i o r  

to s u i t  a p a r t i c u l a r  student. Th e  stud e n t  model is d e s i g n e d  

to re c o g n i z e  a rule w h i c h  the s t u d e n t  w as not taught, a rule 

he ha s  not mastered, and a rule that h e /she u s e s  properly. 

T h i s  type of model is c a l l e d  o v e r l a y - m o d e l  (Goldstein. 1979).
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This m e a n s  that the model d e s c r i b i n g  the s t u d e n t  s t a t e  of 

l earning is m a p p e d  onto or o v e r l a y s  the r u l e s  b e i n g  taught. 

T he p r o g r a m  s t r u c t u r e  is d e s i g n e d  a r o u n d  three m o d u l e s  

d e s c r i b e d  b e l o w  and is d e p i c t e d  in (figure ITS).

3-15

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

METHODOLOGY

TUTOR

Consultant

Knowledge
E xpert

FIGURE ITS

INTELLIGENT TUTORING SYSTEM CITS)
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3 . 7 . 1 . 1 . 2  The (ITS) P r o g r a m  K n o w l e d g e  B a s e  -

The subj e c t  taught by ITS is c o m p u t e r  science. It is 

general k n o w l e d g e  about c o m p u t e r s  w h i c h  is m e a n t  to i n t roduce  

e n t e r i n g  freshman s t u d e n t s  to the s u b j e c t  of computers. It 

is general k n o w l e d g e  a b o u t  the c o m p u t e r  and c o m p u t e r  s c i e n c e  

and lends itself to r u l e - b a s e  k n o w l e d g e  representation. T he 

actual kn o w l e d g e  base of ITS w h i c h  is us e d  in the c o n d u c t  of 

this r esearch is i n cluded in A p p e n d i x  A. T he t utoring m o d u l e  

links the k n o w l e d g e  ba s e  a nd uses it in p r o b l e m - s o l v i n g  

dialogues. T h e s e  rules r e p resent the s u b j e c t  m a t t e r  

knowledge. namely. the general i n t r o d u c t i o n  to c o m p u t e r  

s c i e n c e  that the t u t o r i n g  m o d u l e  a t t e m p t s  to impart to a 

student. A " c o ncept" is r e p r e s e n t e d  as r ules (Appendix A). 

The rules a re used to p r o v i d e  a s o l u t i o n  to a task g i v e n  to a 

student. The s o l u t i o n  is c o m p a r e d  to the s t u d e n t ’s s o l u t i o n  

and the c o r r e c t n e s s  of the s o l u t i o n  is verified. It also 

informs the s t u d e n t  of h i s / h e r  m i s c o n c e p t i o n .  T he rules a re 

also u s e d  by the tutor in a c o n s u l t a t i v e  m o d e  to p r o v i d e  

s t u d e n t s  with task c o m p e t e n c e  i n f o r m a t i o n  a b o u t  the subject.

3 . 7 . 1 . 1 . 3  T u t o r i n g  M o d u l e  -

T h e  tutoring m o d u l e  of ITS uses a t e a c h i n g  s t r a t e g y  by 

p r e s e n t i n g  a topic to be learned by the student. It then 

p r o c e e d s  with a d i a l o g u e  a s k i n g  the s t u d e n t  q u e s t i o n s  

p e r t a i n i n g  to the problem. T he s t u d e n t  a s n w e r s  b a s e d  on 

his/her a p p r o a c h  or k n o w l e d g e  of the problem. T he s y s t e m
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leads the s t u d e n t  on without an a t t e m p t  to c o r r e c t  or 

v o l u n t e e r  a s o l u t i o n  leaving it to the s t u d e n t  to p r o v i d e  the

solution. When the c h a i n  of rules in the e x pert k n o w l e d g e

base is e x h a u s t e d  or a w r o n g  s o l u t i o n  h a s  be e n  reached. the 

s t u d e n t ' s  a p p r o a c h  is then d i s p l a y e d  and the stud e n t  a n a l y z e s

the p a t h  of his/ h e r  s o l u t i o n  that led to the w r o n g  solution.

T he s t u d e n t  is then a l l o w e d  to ma k e  m o d i f i c a t i o n  about 

h i s / h e r  m i s c o n c e p t i o n s  and the p r o c e s s  is repeated 

iteratively. Every inter a c t i o n  through t he dialogue, the 

s t u d e n t  learns a bout h i s / h e r  m i s c o n c e p t i o n s  and m akes 

adjustments. When the stud e n t  has c o r r e c t e d  all his/her 

m i s c o n c e p t i o n s  the s y s t e m  reaches the right s o l u t i o n  and the 

s t u d e n t  has "mastered" or learned the rules involved in the 

solution.

T h e  tutor at that point u p d a t e s  the s t u d e n t ’s kn o w l e d g e 

p r o f i l e  in c o o p e r a t i o n  with the s t u d e n t  module. In e s s e n c e 

ITS t u t o r i n g  s t r a t e g y  is to let the s t u d e n t  " l earn by doing", 

experiment. e v a l u a t e  and analyze. It a c h i e v e s  this by 

p r e s e n t i n g  the s t u d e n t  with a menu of lesson p l a n s  and the 

use of s i mple q u e s t i o n / a n s w e r  d i a l o g u e  e m p l o y i n g  s i mple 

natural language. An e x a m p l e  of an ITS d i a l o g u e  follows.

3 . 7 . 1 . 1 . 4  S T U D E N T  M O D U L E  -
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T h e  student modu l e  is d e s i g n e d  to keep track of the 

s t u d e n t ' s  progress. It a c h i e v e s  its o b j e c t i v e s  by sto r i n g  a 

kn o w l e d g e  p r o f i l e  of the student. It also d e c i d e s  which 

rules the student has "mastered" which rule(s) the student 

needs to p r a c t i c e  mo r e  in order to "master" and which rule(s) 

h e /she did not use at all. The student m o d u l e  also 

c o m m u n i c a t e s  the stat e s  of the st u d e n t ' s  p r o g r e s s  to the 

Tutor and pro v i d e s  it with a d vice on what are the s t u d e n t ’s 

w e a k n e s s e s  and strengths.

3 . 7 . 1 . 1 . 5  D I A L O G U E  -

T h e  d i a l o g u e  used by ITS was d veloped wi t h  the student 

users in mind. As p r e v i o u s l y  was pointed out the s tudents 

are of A r a b /Islamic culture. The research w a s  co n d u c t e d  in 

the E n g l i s h  language. T he a b i l i t y  of the s t u d e n t s  to deal 

with the English language is limited. T h e r e f o r e  a dia l o g u e  

had to be emp l o y e d  su c h  that the student will have a minimum 

d i f f i c u l t y  but at the same time compre h e n d  the dialogue.

In order to implement a s t r a t e g y  in the d i a l o g u e  that 

will s a t i s f y  this requirement a d i a l o q u e  with m i n i m u m  disp l a y  

of w o r d s  and minimum of s e n t e n c e  c o m p o s i t i o n  on the part of 

the stud e n t  had to be used. It was decided to use a d ialogue  

s i m i l a r  to the game of "twenty questions". The s trategy  

includes the s t u d e n t ’s need to know what h e /she wants to 

learn, such as the central p r o c e s s i n g  unit of the computer. 

The syst e m  will present q u e s t i o n s  a b o u t  the central
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p r o c e s s i n g  unit a nd if the s t u d e n t  p r o v i d e s  the right a n s w e r s  

then the pa t h  will lead to the s o l u t i o n  or k n o w l e d g e  about  

the issue b e i n g  discussed. An e x a m p l e  of a d i a l o g u e  w h e r e  

the s t u d e n t  a n s w e r s  with m i n i m u m  w o r d s  follows:

System: D o e s  it r e p resent an event or fact?

S t u d e n t :  Neit h e r

System: Is it o n t a i n e d  by p r o c e s s i n g  d a t a ?

S t u d e n t :  No

System: Is it a p i e c e  of d a t a ?

Stu d e n t :  No

System: Is it a set of items of d a t a ?

S t u d e n t :  No

System: Is it a set of d a t a  r e cords?

Stu d e n t :  No

System: Is it a c o l l e c t i o n  of inter e l a t e d  files?

S t u d e n t :  No

System: Is it a mo d e  of c o m p u t e r  p r o c e s s i n g ?

S t u d e n t :  Yes

System: Is da t a  e n t e r e d  at the s o u r c e ?

St u d e n t :  Yes

System: Is o u tput or da t a  t r a n s m i t t e d  d i r e c t l y  w h e r e  u s e d ?

Stu d e n t :  Yes

System: Th e n  it is an "online" s y s t e m  of p r o c e s s i n g  data.

3 - 2 0
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On e  can e a s i l y  n o t i c e  how the c o m p u t e r  is a l w a y s  leading 

and h ow the s t u d e n t  must have a p p r o p r i a t e  k n o w l e d g e  to answer 

properly. If the s t u d e n t  did not p r o v i d e  the right a n s w e r s  

then it leads to the w r o n g  c o n c l u s i o n  and the s y s t e m  in that 

c a s e  p r o v i d e s  the s t u d e n t  with a n a l y s i s  of his/her 

miscon c e p t i o n s .  It is also n o t e d  that the s t u d e n t  p r o v i d e s  

m i n i m u m  w o r d s  with m a x i m u m  information.

3. 7 . 2  T R A D I T I O N A L  L E C T U R E  T E A C H I N G

C o u r s e  C o m p u t e r  S c i e n c e  103 at Yarmouk U n i v e r s i t y  had 

848 students. The s t u d e n t s  in the c o u r s e  w e r e  d i s t r i b u t e d  

into s e c t i o n s  as follows:

No. of

s t u d e n t s  Teacher

S e c t i o n  1 151 A

S e c t i o n  2 195 B

S e c t i o n  3 180 B

S e c t i o n  4 135 B

S e c t i o n  5 122 A

S e c t i o n  6 39 C

S e c t i o n  7 25 I CA I

L e s s o n  p lans w e r e  p r o v i d e d  to the t e achers by the D e p a r t m e n t
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of C o m p u t e r  S c i e n c e  including the ICAI researcher. The plan 

c o v e r e d  s u b j e c t s  to be taught. s c h e d u l e  of tea c h i n g  and 

s p e c i f i c  references. Each teacher pre p a r e d  h i s / h e r  own notes 

and used a m i x t u r e  of A r a b i c / E n g l i s h  language instructions. 

T ests were p r e p a r e d  j o i n t l y  by all teachers. All s t u d e n t s  

w he t h e r  they we r e  taught the traditional or the ICAI m e thod 

took the tests at the s a m e  time.

3.7.2.1 ICAI INSTRUCTION P R O C E D U R E  -

T he ICAI i n s t r u c t i o n  p r o c e d u r e  for c o u r s e  C S 1 0 3  followed 

the plan p r o v i d e d  by the Yar m o u k  U n i v e r s i t y  C o m p u t e r  S c i e n c e  

Department. T he k n o w l e d g e  e x pert (researcher) p r e p a r e d  the 

lesson subject matter repre s e n t e d  in rules then u p d a t e d  the 

k n o w l e d g e  base u s i n g  the K o w l e d g e  Base M o d u l e  of the ICAI 

program. The rules were e n t e r e d  into the k n o w l e d g e  base via 

a special "editor" built into the K n o w l e d g e  Base Module. The 

k n o wledge base rules for the e n t i r e  c o u r s e  C S 1 0 3  are included 

in App e n d i x  A.

3 .7 . 2 . 2  T R A D I T I O N A L  L E C T U R E  P R O C E D U R E  -

T he s e c t i o n - t e a c h e r  of cour s e  C S103 pre p a r e d  his/ h e r  own 

lecture notes g u i d e d  by the subj e c t  t e a c h i n g - p l a n  p r o v i d e d  by 

the Com p u t e r  S c i e n c e  Depart m e n t  at Y a r m o u k  U n i v e r s i t y  as it 

e x i s t e d  in the fall s e m e s t e r  of 1986 academic year. S t u d e n t s  

had also been g i v e n  a set of c o m p u t e r  s c i e n c e  r e f e r e n c e s  for 

c o urse C S 1 0 3  for extra reading. The teacher p r e s e n t e d  the
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m aterial from h i s / h e r  notes. T he t e a c h i n g  style, the a m ount  

of h o m e w o r k  an d  the e x t r a  reading a s s i g n e d  w a s  left up to the 

individual teacher.
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C H A P T E R  4 

R E S U L T S

4 . 1  IN T R O D U C T IO N

As s t a t e d  in C h a p t e r  I the p u r p o s e  of this s t u d y  was to 

i n v e s t i g a t e  the e f f e c t i v e n e s s  of the ICAI t u t o r i n g  m e t h o d  in 

c o m p a r i s o n  wi t h  the traditional lecture m e t h o d  on the 

a c h i e v e m e n t  and a t t i t u d e  of the first year c o m p u t e r  s c i e n c e  

s t u d e n t s  in the A r a b / I s l a m i c  cultural envi r o n m e n t .  S i n c e  

b o t h  m a l e  and female s t u d e n t s  c o n s t i t u t e  the p o p u l a t i o n  of 

this study. the h y p o t h e s i s  of g e nder d i f f e r e n c e s  in 

a c h i e v e m e n t  a t t i t u d e  and t r e a t m e n t  impact w e r e  al s o  tested. 

T he da t a  we r e  c o l l e c t e d  on three < First. Second, and Final) 

e x a m s  of a c h i e v e m e n t  w h i c h  w e r e  c o n d u c t e d  over the c o u r s e  of 

one a c a d e m i c  s e m e s t e r  (four months), and a c o m p o s i t e  m e a s u r e  

of a t t i t u d e  d e s c r i b e d  e a r l i e r  in C h a p t e r  III. The da t a  w e r e  

a n a l y s e d  u s i n g  bo t h  m u l t i v a r i a t e  and u n i v a r i a t e  a n a l y s e s  of 

variance. T h e  result of the s t a t i s t i c a l  a n a l y s e s  a re  

p r e s e n t e d  in the f o l l o w i n g  p a r a g r a p h s  w i t h o u t  a ny a t t e m p t  to 

i n t erpret them at this stage. I n t e r p r e a t i o n  of resu l t s  will 

be p r e s e n t e d  in the next chapter.
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4.2 B A S I C  DATA

As s t a t e d  in the p r e v i o u s  chapters. 25 s t u d e n t s  were 

r a ndomly s e l e c t e d  for the experimental group, from all the 

s t u d e n t s  who took the c o u r s e  C o m p u t e r  S c i e n c e  103. The 

number of s t u d e n t s  who c o m p l e t e d  the c o u r s e  taught by the

traditional lecture m e t h o d  was 823. All the s t u d e n t s

e n r o l l e d  for the c o u r s e  took the three a c h i e v e m e n t  tests, but 

the a t t i t u d e  m e a s u r e  was a d m i n i s t e r e d  to the 25 experimental 

group s t u d e n t s  and to a g r o u p  of 50 s t u d e n t s  randomly

s e l e c t e d  from the 823 control g r o u p  students. Therefore, 

a c h i e v e m e n t  test results of the e x p e r i m e n t a l  group can be 

c o m p a r e d  with the remainder of the s t u d e n t s  of CS 103

i.e..823. or wi t h  a randomly s e l e c t e d  s a m p l e  of 50 out of 

823. Bo t h  c o m p a r i s o n s  will be presented. T he a t t i t u d e  

s c o r e s  of the experimental group can only be c o m p a r e d  with 

those of the 50 random s a m p l e  of 50.
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T A B L E  1

M e a n s  and 
S t u d e n t s

S t a n d a r d 
of v a r i o u s

D e v i a t i o n s  of M a l e / F e m a l e  
A c h i e v e m e n t  and A t t i t u d e

E x p e r i m e n t a l / C o n t r o l  G r o u p 
s c o r e s  (N=75)

G R O U P

Expe r i m e n t a l  N 
Male F e m a l e  
N = 1 1 N = 14

=25
Total
N=25

Control N = 5 0  
Ma l e  F e m a l e  
N= 2 9  N = 2 1

Total
N = 5 0

Ach First T e s t
M e a n 23.91 22. 14 22.92 21. 41 2 0 . 8 6 21 . 18

Sd 3. 42 4.22 3.92 3. 92 3. 8 9 3 . 8 8

A ch Sec Te s t
Mean 25.91 2 3.86 24. 76 22. 24 2 1 . 0 0 21 .72

Sd 2.98 2.93 3.07 4. 77 4.92 4.82

Ach Fin Te s t
Mean 30.82 28.57 29. 56 26. 48 28. 38 2 7 . 2 8

Sd 3. 97 2.68 3. 43 4. 77 3. 7 5 4. 43

Ach Total
Mean 8 0.54 74.57 7 7.24 70. 14 70.24 70. 18

Sd 5.80 7.50 7.34 8. 43 10.58 9. 2 9

Material
Me a n 13.27 12.43 12.80 10. 65 11.33 10.94

Sd 1.61 2.65 2. 2 6 2. 53 2 . 6 5 2.58

Teacher
Me a n 19. 18 2 0.50 19.92 20.21 21.91 20 . 9 2

Sd 3.60 4.99 4.40 4. 11 3.45 3. 9 0

Q4
Mean 2. 00 1 .79 1.88 1. 45 1.48 1 . 46

Sd .78 .43 .60 .63 .51 .58

Q6
Me a n 1.55 1.64 1.60 1.65 1 .57 1.62

Sd .52 .50 .50 .48 .51 . 49

Total
M e a n 36.60 36.36 36.20 3 3 . 9 7 3 6 . 2 9 34. 94

Sd 4.54 7. 6 5 6. 3 5 5 . 4 5 5 . 4 6 5. 5 2
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T a b l e  1. p r e s e n t s  the m e a n s  a nd s t a n d a r d  d e v i a t i o n s  for 

ea c h  one of the four (Sex by T r e a t m e n t  ) g r o u p s  < N= 25 for 

treatment, and 50 for control) on the four a c h i e v e m e n t  and 

five a t t i t u d e  scores. Four a c h i e v e m e n t  s c o r e s  are:

1. S c o r e  on the first a c h i e v e m e n t  test a d m i n i s t e r e d  about 40 

d a y s  from the s t a r t i n g  of the term.

2. S c o r e  on the m i d - t e r m  a c h i e v e m e n t  test.

3. S c o r e  on the final a c h i e v e m e n t  test a d m i n i s t e r e d  at the

end of the t erm.and

4. T he total s c o r e  i.e.. the sum of the three test scores.

T h e  first test as well as the m i d - t e r m  test c a r r i e s  a 

w e i g h t  of 30 percent each, whereas, the final e x a m i n a t i o n  

a c c o u n t s  for the re m a i n i n g  40 per cent of the full marks.

T he five a t t i t u d e  s c o r e s  are:

1. Material score, the s u m  of responses on four q u e s t i o n s  

(Nos. 1. 2. 3 . and 5 in the a t t i t u d e  scale) c o n c e r n i n g

the a p p r o p r i a t e n e s s  of the amou n t  and type of c o n t e n t s  of 

the course.

2. T e a c h e r  s c o r e  c o m p u t e d  by s u m m i n g  over s e v e n  q u e s t i o n s

(Nos. 7. 8. 9. 10. 11. 13. a nd 14) p e r t a i n i n g  to teacher

related c h a r a c t e r i s t i c s .
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3. Q u e s t i o n  4. the s c o r e  on q u e s t i o n  4 ( Do you feel y o u  can 

c o n v e r s e  about c o m p u t e r s  ?) of the a t t i t u d e  

q u e s t i o n n a i  re.

4. Q u e s t i o n  6. the r esponse s c o r e  on q u e s t i o n  n u m b e r  s i x  of 

the q u e s t i o n n a i r e  C Do you feel the time w as e n o u g h  to 

c o v e r  the material?).

5. T he total score. the s um of the a b o v e  s t a t e d  four 

s u b - s c a l e  scores.

T h e  me a n  and s t a n d a r d  d e v i a t i o n s  of the experimental 

g r o u p  v i s  a v is those of the e n t i r e  control g r o u p  of 823 

s t u d e n t s  on the a b o v e  s t a t e d  four a c h i e v e m e n t  m e a s u r e s  are 

p r e s e n t e d  in T a b l e  2.
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TABLE 2

M e a n s  a nd S t a n d a r d  
S t u d e n t s  of v a r i o u s

D e v i a t i o n s  of M a l e / F e m a l e  E x p e r i m e n t a l / C o n t r o l  G roup 
A c h i e v e m e n t  s c o r e s  (N=S48)

GROUP

Expe 
Male 
N= 11

r imental 
F e m a l e  
N=14

N=25
Total
N=25

C ontrol N = 8 2 3  
Male F e m a l e  Total 
N = 4 3 7  N = 3 8 6  N=823

A c h  First Test
Me a n 23.91 22. 14 2 2 . 9 2 20.41 2 0 . 3 5 2 0 . 3 8

Sd 3. 42 4.22 3.92 3.70 3 . 8 0 3. 74

A c h  Sec Test
Mean 25.91 2 3.86 2 4 . 7 6 2 1 . 7 0 2 1 . 5 5 2 1 . 6 3

Sd 2. 98 2. 9 3 3. 07 4.04 4. 36 4. 19

Ach Fin Te s t
Mean 3 0.82 2 8.57 2 9 . 5 6 2 7 . 5 3 2 8 . 2 8 27. 89

Sd 3.97 2. 6 8 3. 4 3 4.56 4. 81 4 . 5 9

A ch Total
Me a n 8 0.64 7 4.57 77. 24 69.64 70. 18 69. 90

Sd 5.80 7.50 7.34 8. 6 2 9.81 9. 19
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4 .3 A N A L Y S I S

S i n c e  the three a c h i e v e m e n t  test s c o r e s  a nd the four a t t i t u d e  

s u b t e s t  s c o r e s  a r e  not mutually, independent, s c o r e s  on these 

s e v e n  i n t e r c o r r e l a t e d  d e p e n d e n t  v a r i a b l e s  w e r e  a n a l y s e d  by 

t r e a t m e n t  by sex (2x2) 2 - w a y  m u l t i v a r i a t e  a n a l y s i s  of 

v a r i a n c e  u s i n g  S P S S x  (2nd e d . ) on the VAX s y s t e m  at the 

Y a r m o u k  U n i v e r s i t y  C o m p u t e r  C e n t e r  by the researcher. The 

M A N O V A  resu l t s  a r e  p r e s e n t e d  in T a b l e  3 thro u g h  5. T a b l e  3 

s h o w s  the m u l t i v a r i a t e  and u n i v a r i a t e  tests of s i g n i f i c a n c e  

for t r e a t m e n t  by sex interaction. Obviously. the results 

s h o w  no sign of i n t e r a c t i o n  effect. T a b l e  4 p r e s e n t s  the 

m u l t i v a r i a t e  and u n i v a r i a t e  tests of the s i g n i f i c a n c e  for the 

main e f f e c t  sex. A g a i n  no sign of s ex effect.
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T A B L E  3

M u l t i v a r i a t e  
of G r o u p  by

a nd U n i v a r i a t e  Tests of 
Sex

S i g n i f i c a n c e  for T r e a t m e n t

Mu 11 iva r iate T e s t s of S i g n i f i c a n c e  (S = 1 ,  M = 2 1/2. N = 31 1/2)

Test Na m e Val ue Exact F Hypoth. DF E r r o r  DF Sig. of F

Pi 1 lais .06835 .68123 7.00 6 5 . 0 0 .687
Hotel 1 i ngs .07336 .68123 7.00 6 5 . 0 0 .687
Wi Iks .93165 .68123 7.00 6 5 . 0 0 .687

E F F E C T  .. GROUP BY SEX
U n i v a r i a t e  F -tests with (1.71) D. F.

V a r i a b l e Hypoth. SS Error SS Hypoth. MS E r r o r  MS F Sig. of F

FIR 5.98 5 5 0 1082.22929 5 . 9 8 5 5 0 15.24257 . 3 9268 .533
S E C 2.68 7 8 7 1319.93372 2 . 6 8 7 8 7 18.59062 .144 5 8  .705
FIN 7 0. 2 8 5 6 4 1169.25870 70. 2 8 5 6 4 16.46843 4 . 2 6 7 9 0  .042
M ATER 9.48066 4 3 6 . 8 2 8 7 8 9 . 4 8 0 6 6 6. 15252 1.54094 .219
T E A C H E R .58976 1163.70451 .58976 16.39020 .03598 .850
Q4 .23998 2 4 . 7 6 7 6 5 .23998 .34884 .68794 .410
Q6 .13424 17.63614 .13424 .24840 .54043 .465
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RESULTS

TABLE 4

M u l t i v a r i a t e and U n i v a r i a t s tests of s i g n i f i c a n c e  of the main e f f e c t  sex

M u l t i v a r i a t e T e s t s of S i g n i f i c a n c e  <S = 1. M = 2 1/2, N = 31 1/2)

T e s t  N a m e Val ue Exact F Hypoth. DF Error DF Sig. of F

Pi 1 lais .10065 1.03923 7.00 6 5 . 0 0 . 413
Hotel 1 i n gs .11192 1.03923 7. 00 6 5 . 0 0 . 413
Wi Iks .89935 1.03923 7. 00 65. OO . 413

N o t e  .. F s t a t i s t i c s  are exact.

E F F E C T  .. SEX
U n i v a r i a t e  F - t e s t s  with (1.71) D. F.

V a r i a b l e Hypoth. SS Error SS Hypoth. MS E r r o r  MS F Sig. of F

FIR 22.07414 1082.22929 22. 0 7 4 1 4 15.24267 1.44818 . 233
SEC 4 4.37092 1319.93372 4 4 . 3 7 0 9 2 18.59062 2 .38 6 7 4 . 127
FIN .49703 1169.25870 .49703 16.46843 .03018 .863
H ATER .11272 4 3 6 . 8 2 8 7 8 . 11272 6 . 1 5 2 5 2 .01832 .893
T E A C H E R 3 7. 2 1 3 8 8 1163.70451 3 7 . 2 1 3 8 8 16.39020 2 . 2 7 0 5 0 . 136
Q4 .14210 2 4. 7 6 7 6 5 . 14210 .34884 .40734 . 525
Q6 .00076 17.63614 .00076 .24840 .00307 . 956
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T he m u l t i v a r i a t e  a nd u n i v r a i a t e  tests of s i g n i f i c a n c e  

for the main e f f e c t  t r e atment are p r e s e n t e d  in T a b l e  5. The 

m u l t i v a r i a t e  null h y p o t h e s i s  of no t r e a t m e n t  e f f e c t  is

s t r o n g l y  r ejected (P LE .002) on all the t h r e e  s t a t i s t i c s  -

Pillais* H o t e l l i n g ’s* a nd W i l k ’s. T he u n i v a r i a t e  tests of 

s i g n i f i c a n c e  for all the s e v e n  v a r i a b l e s  s h o w  that me a n s  of 

four of them namely, m i d - t e r m  a c h i e v e m e n t  (P < .003). final

a c h i e v e m e n t  (P < .027). material s u b - t e s t  of a t t i t u d e  (P <

.003). a nd Q4. (P < .004) a r e  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  

the e x p e r i m e n t a l  and control g r o u p s  at the p r o b a b i l i t y  levels 

r a n g i n g  from .027 to .003. The null h y p o t h e s i s  of no

d i f f e r e c e s  b e t w e e n  the m e a n s  of t r e atment a nd control grou p s  

on first tests, and teacher a n d  Q6 s u b t e s t s  of the a t t i t u d e 

q u e s t i o n n a i r e  c o u l d  not be rej e c t e d  at the p r e s p e c i f i e d  

(Alpha = 0.05) level of significance.
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RESULTS

TABLE 5

M u l t i v a r i a t e  a nd U n i v a r i a t e  testa of s i g n i f i c a n c e  for the main e f fect 
tr e a t m e n t

M u l t i v a r i a t e  T e s t s  of S i g n i f i c a n c e  (S = 1* M = 2 1/2. N = 31 1/2)

Test N a m e  V a l u e  Exact F Hypoth. DF E r r o r  DF Sig. of F

P i 1 la is .28521 3 . 7 0 5 1 7  7.00 6 5 . 0 0  .002
Hotel lings .39902 3 . 7 0 5 1 7  7. 0 0  6 5 . 0 0  .002
Wi l k s  .71479 3 . 7 0 5 1 7  7. 0 0  6 5 . 0 0  .002

N o t e  .. F s t a t i s t i c s  a r e  exact.

E F F E C T  .. G R O U P
U n i v a r i a t e  F - t e s t s  wi t h  (1.71) D. F.

V a r i a b l e Hypoth. SS Error SS Hypoth. MS E r r o r  MS F Sig. o f

FIR 5 8 . 4 8 5 0 4 1 0 8 2 . 2 2 9 2 9 5 8 . 4 8 5 0 4 1 5 . 2 4 2 6 7 3 . 8 3 6 9 3 . 054
SEC 1 7 4 . 1 6 8 7 9 1 3 1 9 . 9 3 3 7 2 1 7 4 .16879 1 8 .59062 9 . 3 6 8 6 4 . 003
FIN 8 3 . 7 9 8 9 3 1 1 6 9 . 2 5 8 7 0 8 3 . 7 9 8 9 3 1 6 . 4 6 8 4 3 5 . 0 8 8 4 6 . 027
M A T E R 5 6 . 3 9 3 6 4 4 3 6 . 8 2 8 7 8 5 6 . 3 9 3 6 4 6 . 1 5 2 5 2 9 . 1 6 5 9 4 . 003
T E A C H E R 2 4 . 1 5 3 7 3 1163.70451 2 4 . 1 5 3 7 3 1 6 . 3 9 0 2 0 1.47367 . 229
Q4 3 . 0 3 4 4 9 2 4 . 7 6 7 6 5 3 . 0 3 4 4 9 .34884 8 . 6 9 8 7 8 . 004
Q6 .00600 1 7 .63614 .00600 .24840 .02415 .877
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T h e  total or s u m m a t i v e  a c h i e v e m e n t  s c o r e  (the s um of 

s c o r e s  on the first. mid-term. a nd final tests), and the 

total a t t i t u d e  s c o r e  we r e  a n a l y s e d  s e p a r a t e l y  by 2 - w a y  ANOVA. 

T h e  A N O V A  resu l t s  on the s u m m a t i v e  a c h i e v e m e n t  s c o r e  are 

p r e s e n t e d  in T a b l e  6. S i n c e  the m u m b e r  of s u b j e c t s  in the 

e x p e r i m e n t a l  a nd control g r o u p s  is c o m p l e t e l y  u n b alanced, the 

tests of s i g n i f i c a n c e  in all the a n a l y s e s  w e r e  c o n d u c t e d  

u s i n g  u n i q u e  s u m s  of squares. T a b l e  6 c l e a r l y  s h o w s  the 

h i g h l y  s i g n i f i c a n t  (P < 0.000) t r e a t m e n t  e f f e c t  and

n o n s i g n i f i c a n t  s e x  or tr e a t m e n t  by sex i n t e r a c t i o n  effects. 

T a b l e  7 p r e s e n t s  the A N O V A  resu l t s  of the total s c o r e  on the 

a t t i t u d e  qu e s t i o n n a i r e .  No s t a t i s t i c a l l y  s i g n i f i c a n t  g r o u p  

d i f f e r e n c e s  we r e  found, e i t h e r  d ue to any of the ma i n  e f f e c t s  

or due to i n t e r a c t i o n  thereof.
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T A B L E  6

A N O V A  of the total a c h i e v e m e n t s c o r e

T e s t s  of S i g n i f i c a n c e  for TOT us i n g U N I Q U E  s u m s  of s q u a r e s

S o u r c e  Of V a r i a t i o n  SS DF MS F Sig. Of F

W I T H I N  C E L L S  704 3 9 . 5 9  
G R O U P  1415.23 
S E X  182.66 
G R O U P  BY S E X  2 6 0.76

844
1
1
1

8 3 . 4 6
1415.23
182.66
2 6 0 . 7 6

16.95 .000 
2. 19 .139 
3 . 1 2  .077
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T A B L E  7

A N O V A  of the total A t t i t u d e  sc o r e

T e s t s  of S i g n i f i c a n c e for T O T A L u s i n g U N I Q U E su m s  of s q u a r e s

S o u r c e  Of V a r i a t i o n SS DF MS F Sig. Of F

W I T H I N  C E L L S 2 3 9 6 . 4 7 71 3 3 . 7 5
G R O U P 18. 14 1 18. 14 .54 .466
S EX 29 . 3 2 1 2 9 . 3 2 .87 .354
G R O U P  BY SEX 15.76 1 15.76 .47 .497
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As s t a t e d  earlier> a c h i e v e m e n t  test data uere c o l l e c t e d  

on the total s a m p l e  of 8 48 (experimental 25, and control 

823). the M A N O V A  results of the three a c h i e v e m e n t  test s c o r e s  

us i n g  the u n i q u e  s um of s q u a r e s  d e s i g n  ar e  p r e s e n t e d  in table 

8- T h e  treatment by sex i n teraction and the sex main effect 

were not s i g n i f i c a n t  (Alpha = .05), t h e r efore they are not 

i ncluded in table 8. Only the treatment main e f f e c t s  which 

uere h i g h l y  s i g n i f i c a n t  are presented. As Table 8 shows, the 

g r o u p  d i f f e r e n c e s  on the first and m i d - t e r m  test s c o r e s  are 

h i g h l y  s i g n i f i c a n t  (p-vaiues 0.001, a nd 0 . 0 0 0  respectively) 

but d i f f e r e n c e  on the final test s c o r e  is not s t a t i s t i c a l l y  

s i g n i f i c a n t  at the p r e d e t e r m i n e d  (Alpha = .05) level of

significance. The interpretation of the results will be 

d i s c u s e d  in chap t e r  V.
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TABLE 8
HANOVA of the three Achievement teats treatment of the Main Effect

Multivariate Teste of Significance (S = 1. M = 2 1/2. N = 31 1/2)

Teat Name Value Exact F Hypoth. OF Error DF Sig. of F
Pillais .02315 
Hotel lings .02370 
UiIks .97685

6.65153
6.65153
6.65153

3.00
3.00
3.00

842.00
842.00
842.00

.000

.000

.000
Note .. F statisticsi are exact.

EFFECT .. GROUP
Univariate F-teets uith (1.844) 0. F.

Variable Hypoth. SS Error SS Hypoth. MS Error MS F Sig. of F
FIR 167.37181 
SEC 254.17456 
FIN 76.37782

11886.26647
14636.01398
18216.55074

167.37181 
254.17456 
76.37782

14.08325
17.34125
21.58359

11.88446 
14.65722 
3.53870

.001

.000

.060

4 - 1 6
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C H A P T E R  5

I N T E R P R E T A T I O N

5.1 I N T E R P R E T A T I O N

V a r i o u s  A r t i f i c i a l  I n t e l ligence t u t o r i n g  m o d e l s  have  

be e n  d e v e l o p e d  d u r i n g  the last few years* and even field 

tested. The r e l a t i v e  e f f i c i e n c y  of su c h  m o d e l s  h as s e l d o m  

b e e n  e m p i r i c a l l y  investigated. Th i s  s t u d y  int e n d e d  p r i m a r i l y  

to i n v e s t i g a t e  the e f f e c t i v e n e s s  of an I n t e l l i g e n t  C o m p u t e r  

A s s i s t e d  I n s t r u c t i o n  t u t o r i n g  model a s  c o m p a r e d  w i t h  the 

traditional lect u r e  m e t h o d  of t e a c h i n g  u n i v e r s i t y  students. 

S t u d e n t s ’ a c h i e v e m e n t  and a t t i t u d e  s c o r e s  we r e  taken as 

c r i t e r i a  for e f f e c t i v e n e s s .

U s i n g  e x p e r i m e n t a l / c o n t r o l  g r o u p  d e s i g n  s e t t i n g  S e x  by 

T r e a t m e n t  i n t e r a c t i o n  effect. S e x  effect, a nd T r e a t m e n t  (1CAI 

model) effe c t  h y p o t h e s e s  we r e  tested. T h e  r e s u l t s  of 

m u l t i v a r i a t e  and u n i v a r i a t e  a n a l y s e s  of v a r i a n c e  p r e s e n t e d  in 

C h a p t e r  IV are i n t e r p r e t e d  and d i s c u s s e d  in the fo l l o w i n g 

p aragraphs.
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INTERPRETATION

As s t a t e d  in the p r e c e d i n g  chapter* two se t s  of 

m u l t i v a r i a t e  a n a l y s e s  w e r e  c o n d u c t e d :  O ne i n v o l v e d  a control

s a m p l e  of 50 s u b j e c t s  r andomly s e l e c t e d  from 8 23 s t u d e n t s  who 

took the c o u r s e  us e d  in the i n v e s t i g a t i o n  a n d  w e r e  t a ught by 

tr a ditional lecture methods* the o t h e r  a n a l y s i s  i ncluded all 

the 8 2 3  as control group. The m u l t i v a r i a t e  a n a l y s e s  included 

three m e a s u r e s  of a c h i e v e m e n t ;  first test* m i d - t e r m  test* and 

the final test. T h e  s u m  of these t h r e e  test s c o r e s

d e s i g n a t e d  h e r e  as total a c h i e v e m e n t  s c o r e  w a s  taken as the 

fourth m e a s u r e  of s u m m a t i v e  a s s e s s m e n t  of students* 

a c h i e v e m e n t  in this course. T w o  s e p a r a t e  factorial

u n i v a r i a t e  a n a l y s e s  we r e  conduc t e d *  one on a c h i e v e m e n t  total 

s c o r e  a nd one on a t t i t u d e  total s c o r e  b e c a u s e  total s c o r e s  

b e i n g  the linear s u m s  of o t h e r  s c o r e s  c o u l d  not be 

l e g i t i m a t e l y  ins e r t e d  w i t h  o ther v a r i a b l e s  in the sa m e  

m u l t i v a r i a t e  analysis.

T h e r e  is no evidence* whats o e v e r *  of S e x  by T r e a t m e n t  

i n t e r a c t i o n  e f f e c t  or of S ex ma i n  e f f e c t  u as found in eith e r

of the two MANOVAs. In fact* the s i z e s  of the c a l c u l a t e d

p r o b a b i l i t y  levels of m u l t i v a r i a t e  F - v a l u e s  for t e s t i n g  the 

s t a t i s t i c a l  s i g n i f i c a n c e  of these h y p o t h e s e s  s t r o n g l y  s u p p o r t  

the c o n c l u s i o n  to u p h o l d  the null hypot h e s e s .  T h i s  s t u d y  

found n o  e v i d e n c e  of the d i f f e r e n t i a l  e f f e c t s  of e i t h e r  ICAI 

or traditional l e c t u r e  m e t h o d  of t e a c h i n g  on m a l e  a nd female 

students. T h e r e  w e r e  no d i f f e r e n c e s  in t he a c h i e v e m e n t  

s c o r e s  of female and m a l e  s t u d e n t s  t a u g h t  by e i t h e r  m e t h o d  on
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a n y  of t he four m e a s u r e s  of a c h i evement.

T h e  p r i m a r y  o b j e c t i v e  of this investigation. however, 

was to test the e f f e c t  of the ICAI m e t h o d  of teaching. T he

null h y p o t h e s i s  of m e t h o d  e f f e c t  (no d i f f e r e n c e s  in

a c h i e v e m e n t  s c o r e s  of s t u d e n t s  taught by the two methods) was 

s t r o n g l y  r ejected (p < .000) in b o t h  the M A N O V A s  as well as 

in the A NOVA c o n d u c t e d  s e p a r a t e l y  on the total a c h i e v e m e n t  

score. Moreover, in the c o m p a r i s o n s  based upon all the 82 3

s t u d e n t s  taken as control. the e x p e r i m e n t a l  g r o u p  (ICAI 

group) s c o r e d  s i g n i f i c a n t l y  h i g h e r  on the total of three 

tests (Mean of EXP 7 7 . 2 4  > Me a n  of C O N T  69.90. P < .000). the 

m i d - t e r m  test (Mean of EXP 2 4 . 7 6  ' 21.63. P < .000). a n d  on

the first test (Mean of EXP 22.92 > Mean of C O N T  20.38, P < 

.001). O n  the final e x a m i n a t i o n  a l t h o u g h  m e a n  s c o r e  of the

e x p e r i m e n t a l  g r o u p  (taught by ICAI method) is higher than

that of the control group, the d i f f e r e n c e  did not reach

s t a t i s t i c a l  s i g n i f i c a n c e  tested at a l f a  level of 0.05.

In the a n a l y s i s  w h e r e i n  ICAI g r o u p  w a s  c o m p a r e d  wi t h  a 

r a n d o m l y  s a m p l e d  control of 50 students, the experimental 

g r o u p  m e a n s  on total score, on the m i d - t e r m  test, a nd on the 

final test were s t a t i s t i c a l l y  s i g n i f i c a n t l y  h i g h e r  than those 

of the cont r o l  g r o u p  m e a n s  on the s a m e  tests. On the first

test t he d i f f e r e n c e  d id not reach the p r e s c r i b e d  level of 

s i g n i f i c a n c e .  It is n o t e d  that in o n e  a n a l y s i s  d i f f e r e n c e  on 

the first test is s i g n i f i c a n t  but not on the final, w h e r e a s  

in t he o t h e r  a n a l y s i s  this has b e e n  r e v e r s e d  i.e. the
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d i f f e r e n c e  on the final test is s i g nificant but not on the 

first test.

If c o u r s e  a c h i e v e m e n t  of s t u d e n t s  m e a s u r e d  by

a c h i e v e m e n t  tests is a d m i s s i b l e  e v i d e n c e  of tutoring 

e f f e c t i v e n e s s  then this study clea r l y  d e m o n s t r a t e s  the 

s u p e r i o r i t y  of ICAI tut o r i n g  meth o d  over the traditional 

lecture m e t h o d  of t e a c h i n g  at the u n i v e r s i t y  level. The

findings of this study not only support the c o n c l u s i o n  

reached by Ruyle (1987)* that the expert s y stem p r o v e d  to be 

as e f f e c t i v e  as the h u m a n  e x p e r t s  at caus i n g  learning* they

do better. They, p e r h a p s  for the first time. d e m o n s t r a t e

e x p e r i m e n t a l l y  the c o m p a r a t i v e  e f f e c t i v e n e s s  of the ICAI 

tut o r i n g  method.

5.1.1 ICAI Effects On A t t i t u d e

When it comes to the p r o c e s s e s  of teaching a n d  learning, 

s t u d e n t s ’ a t t i t u d e s  a re given their due i m p o r t a n c e  as 

a u x i l i a r y  factors in facilitating s t u d e n t  learning. Though 

the p r i m a r y  v a r i a b l e  of interest was achievement, a 13-item 

q u e s t i o n a i r e  to g a u g e  s t u d e n t s ’ a t t i t u d e s  or f eelings towards 

a few a s p e c t s  of tea c h i n g  m e t h o d s  was also a d m i n i s t e r e d  to 

the 25 experimental group s t u d e n t s  and a random s a m p l e  of 50 

s t u d e n t s  from the control group.
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T h e  q u e s t i o n a i r e  c o n t a i n e d  s e v e n  i t e m s  c o n c e r n i n g  

t e a c h i n g  e f f e c t i v e n e s s  and rela t e d  a s p e c t s  of the instructor 

su c h  as prep a r a t i o n *  p r e s e n tation* k n o w l e d g e  of the subject 

matter. r e s p o n s i v e n e s s  to s t u d e n t s  needs, and a v i l a b i l i t y  

o u t s i d e  the class. T h e s e  s e v e n  it e m s  c o n s t i t u t e d  the teacher 

factor. Four items related to the s u b j e c t  m a t t e r  adequacy, 

ap p r o p r i a t e n e s s ,  quantity. and u s e f u l n e s s  c o n s t i t u t e d  the 

material factor. Q u e s t i o n  4 was a b o u t  the students* feeling 

a b o u t  t h e i r  a b i l i t y  to c o n v e r s e  a b o u t  the computer. and 

q u e s t i o n  6 dealt with the a m o u n t  of time rel a t i v e  to the 

a m o u n t  of m a terial covered.

L i k e  the resu l t s  of a n a l y s e s  on a c h i e v e m e n t  scores. the 

t ests of h y p o t h e s e s  of Sex by T r e a t m e n t  i n t e r a c t i o n  effect 

and S e x  m a i n  e f f e c t  we r e  not found s i g n i f i c a n t  (alpha = .05)

on a n y  of the attit u d i n a l  variables. The null h y p o t h e s e s  

c o u l d  n o t  be r e j e c t e d  at the p r e d e t e r m i n e d  level of 

s t a t i s t i c a l  s i g n i f i c a n c e .  However. the m u l t i v a r i a t e  null 

h y p o t h e s i s  of T r e a t m e n t  main e f f e c t  w a s  r e j e c t e d  (P < .002).

T he results s h o w e d  no s t a t i s t i c a l l y  s i g n i f i c a n t  (alpha = 

.05) d i f f e r e n c e  b e t w e e n  the m e a n s  of the two g r o u p s  on the 

T e a c h e r  Factor. Q u e s t i o n  6. a nd on the total s c o r e  on all 

t hi r t e e n  items. O ne w o u l d  e x pect that the s t u d e n t s  taught by 

ICAI m e t h o d  w o u l d  feel m o r e  c o n f i d e n t  about their a b i l i t y  to 

c o n v e r s e  about the computer. C o n t r a r y  to e x p e c t a t i o n s  the 

m e a n s  of the two g r o u p s  on this item are a l m o s t  identical. 

It s e e m s  that the one term f a m i l i a r i t y  of the ICAI stu d e n t s
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w i t h  the c o m p u t e r  on l y  e n h a n c e d  t heir a w a r e n e s s  of h ow little 

they k n o w  a b o u t  the c o m p u t e r s  a nd this m i g h t  h a v e  d a m p e n e d  

their c o n f i d e n c e  s u b stantially.

On t e a c h e r  factor* the me a n  s c o r e  of the control g r o u p  

is s l i g h t l y  h i g h e r  but the d i f f e r e n c e  is not sig n i f i c a n t .  

However* the s t a t i s t i c a l l y  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  in 

favour of the expe r i m e n t a l  g r o u p  on c o u r s e  material factor 

and r e l a t i v e  a m o u n t  of time s c o r e s  a r e  very e n c o uraging. It 

is w o r t h  re c a l l i n g  that the c o u r s e  material* contents, 

o b j ectives* a nd time w a s  e x a c t l y  the s a m e  for b o t h  groups. 

Yet s t u d e n t s  taught by the ICAI t u t o r i n g  m e t h o d  felt more 

s a t i s f i e d  wi t h  the ti m e  and s u b j e c t  m a t t e r  related a s p e c t s  of 

the course. T h e s e  results e v i d e n t l y  s u p p o r t  the a c h i e v e m e n t  

related r e s u l t s  and further e n h a n c e  the c o n f i d e n c e  in the 

r e l a t i v e  e f f e c t i v e n e s s  of the ICAI t u t o r i n g  method. It is 

further n o t e w o r t h y  that out of n i n e  v a r i a b l e s  B t u d i e d  h e r e  . 

ei ther the d i f f e r e n c e s  a r e  s i g n i f i c a n t  c l e a r l y  in favour of 

the e x p e r i m e n t a l  (ICAI) g r o u p  or they a re not sign i f i c a n t .  

Not a s i n g l e  v a r i a b l e  y i e l d e d  s i g n i f i c a n t  d i f f e r e n c e  

f a v o u r i n g  the control group.

T he f i n d i n g s  of this study. therefore. c l e a r l y  

d e m o n s t r a t e  th a t  wh e n  the s a m e  c o u r s e  c o n t e n t s  c o v e r i n g  t he 

s a m e  c o u r s e  o b j e c t i v e s  and the s a m e  d u r a t i o n  of time we r e  

taught t h r o u g h  ICAI tutorial m e t h o d  as o p p o s e d  to the 

t r aditional lecture method, s t u d e n t s  o b t a i n e d  s t a t i s t i c a l l y  

s i g n i f i c a n t  h i g h e r  a c h i e v e m e n t  s c o r e s  m e a s u r e d  by the s a m e
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a c h i e v e m e n t  tests and greater s a t i s f a c t i o n  w i t h  the c o urse  

c o n t e n t s  and time dur a t i o n  m e a s u r e d  by the s a m e  self report 

q u e s t i o n a i r e  than did the s t u d e n t s  taught by th e  traditional 

lecture method.

T h e  e f f e c t i v e n e s s  of a t u t o r i n g  s y s t e m  is u n i v e r s a l l y  

a s s e s s e d  in t e r m s  of the s t u d e n t s ’ a c h i e v e m e n t  test scores, 

at times. s u p p l e m e n t e d  by their s c o r e s  on m e a s u r e s  of 

a t t i t u d e s  and feelings. On bo t h  counts, the f i n d i n g s  of this 

study s p e a k  u n e q u i v o c a b l y  for the e f f e c t i v e n e s s  of the ICAI 

method.

H o w e v e r  th i s  is only one e m p i r i c a l  study w h i c h  h a s  its 

limitations. Many more e x p e r i m e n t a l  s t u d i e s  a re n e e d e d  in 

this area. The future research s h o u l d  be d i r e c t e d  not only 

to e s t a b l i s h  the b u g f r e e  w o r k a b i l i t y  and logical c o n s i s t e n c y  

of the ICAI tut o r i n g  techni q u e s  a nd s y s t e m s  but also* and 

more i m portantly so* the r e l a t i v e  cost e f f ectiveness* 

c o m p a r a t i v e  benefits, and p s y c h o l o g i c a l  a c c e p t a b i l i t y  of such 

systems.

5.1.2 F u t u r e  R e s e a r c h

T h e r e  are several research q u e s t i o n s  that need to be 

investigated. T he e x pert s y s t e m  t e c h n i q u e  of AI used in this 

study is only o n e  technique. U s i n g  h e u r i s t i c s  c an be a 

powerful t e c h n i q u e  in b u i l d i n g  t u t o r i n g  systems. A 

h e u r i s t i c s  model s h o u l d  be built a n d  tested. Also, d i f f e r e n t
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t u t o r i n g  or t e a c h i n g  s t r a t e g i e s  ne e d  to be e m p l o y e d  and 

tested. This study u s e d  the c o n s u l t a t i v e  model of tutoring. 

O t h e r  learning m o d e l s  and s t r a t e g i e s  such a s  the "socratic". 

" l e a r n  by doing" and "learn by e x a m p l e "  m o d e l s  ne e d  to be 

built into the AI p r o g r a m s  a nd tested.

T h i s  s t u d y  h as u s e d  one c o u r s e  in com p u t e r  s c i e n c e  for 

its investigation. T he i n v e s t i g a t i o n  n e e d s  to be repeated 

for other c o u r s e s  of c o m p u t e r  s c i e n c e  and c o u r s e s  of v a r i o u s  

s u b j e c t s  other than c o m p u t e r  science. C o u r s e s  that ar e  

d i f f e r e n t  in n a t u r e  s h o u l d  be used. such a s  c o m p u t a t i o n a l 

c o u r s e s  vs general k n o w l e d g e  courses.

A natural lan g u a g e  d i a l o g u e  n e e d s  to be included in the 

t u t o r i n g  system. The d i a l o g u e  should be a two way 

interaction. Several d i f f e r e n t  t e c h n i q u e s  a re a v a i l a b l e  a nd 

c o u l d  be used. i m p l e m e n t e d  and tested. A l s o  it would b e  

i n t e r e s t i n g  to use d i f f e r e n t  l a n g uages for the dialogue. For 

our e n v i r o n m e n t  in Jordan. A r a b i c  d i a l o g u e  c o u l d  be very 

useful and m ight p r o v e  very effective.

K n o w l e d g e  r e p r e s e n t a t i o n  is a ve r y  i m p o rtant part of the 

AI t e c h n i q u e s  for b u i l d i n g  e x p e r t  systems. Therefore, 

e x p e r i m e n t i n g  with d i f f e r e n t  k n o w l e d g e  r e p r e s e n t a t i o n s  such 

as nets, rules, frames... s h o u l d  be c a r r i e d  out.
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A mo r e  s o p h i s t i c a t e d  m e thod for c o llecting> m o n i t o r i n g  

and e v a l u a t i n g  the s t u d e n t s ’ p r o g r e s s  must b e  b uilt into the 

ICAI s y s t e m  and tested. I n formation can be c o l l e c t e d  on the 

s t u d e n t  as he or she i n t eracts with the system. Also, 

a u t o m a t i c  test i n g  m o d u l e s  s h o u l d  be built into the program.

At the e nd of this s t u d y  one thing c a n  b e  said for sure. 

This s t u d y  h as raised mo r e  q u e s t i o n s  in the mi n d  of this 

resear c h e r  than it answered. 1 hope to c o n t i n u e  this 

i n v e s t i g a t i o n  and h o p e  that o t h e r s  can a nd will c o n t i n u e  and 

bu i l d  o n  this study.

5. 1 . 3  Potential A p p l i c a t i o n s  And R e c o m m e n d a t i o n s

P; J o r d a n  h a s  c o m m i t t e d  itself to m o d e r n i z e  a d m i n i s t r a t i v e  

m e t h o d s  and p r o c e d u r e s  of its i n s t i t u t i o n s  at all levels. It 

also ha s  ma d e  a c o m m i t m e n t  to u p g r a d e  the q u a l i t y  of 

elementary. s e c o n d a r y  and higher education. R e a l i z i n g  that 

c o m p u t e r s  are the tools for fast a c c u r a t e  and timely 

in f o r m a t i o n  processing. the g o v e r n m e n t  of J o rdan h a s  

e n c o u r a g e d  the use of c o m p u t e r s  in its depa r t m e n t s .  industry 

and education. A pilot project of i n t r o d u c i n g  c o m p u t e r s  into 

ju n i o r  and high s c h o o l s  is a l r e a d y  under way. C o m p u t e r  usage  

is s p r e a d i n g  fast in Jordan society. T h i s  fast e x p a n s i o n  

ne e d s  well trained people. Some use of CAI s o f t w a r e  is 

n e c e s s a r y  to a c c o m o d a t e  the t r aining n e e d s  for such 

expansion. T h e  u se of ICAI t e c h n i q u e s  to b u i l d  c o u r s e s  to 

run on m i c r o - c o m p u t e r s  is very e c o n o m i c a l . "  E x pert S y s t e m s
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S h e l l s "  a re very inexpensive. The bulk of t he work w o u l d  be 

in b u i l d i n g  the " K n o w l e d g e  b a s e s "  of the s u b j e c t  matter. A 

n u c l e u s  of trained p e o p l e  c o u l d  be c r e a t e d  in Jordan for 

d e v e l o p i n g  the ICAI s y s t e m s  for use by J o r d a n i a n  s t u d e n t s  at 

all levels. Th i s  is ve r y  v i a b l e  and ve r y  i n e x p e n s i v e  a nd 

e f f e c t i v e  as was s h o w n  by this research.

T h e r e  are four m a j o r  u n i v e r s i t i e s  in Jordan. Two of 

them a re a c q u i r i n g  c o m p u t e r  i n s t a l l a t i o n s  of major  

p r o p o r t i o n s .  T h e  o t h e r s  a re in the m i d d l e  of p l a n n i n g  major 

c o m p u t e r  p r o c u r ements. T h e s e  c o m p u t e r s  will be used for 

teaching. ICAI s o f t w a r e  will be n e e d e d  to p r o v i d e  c o u r s e  

material to h e l p  the t e a c h i n g  process. P l a n s  are a l r e a d y  

u n d e r w a y  for a c q u i s i t i o n  of CAI systems. A s e l e c t  g r o u p  of 

c o m p u t e r  scientists. e n g i n e e r s  and e d u c a t i o n i s t s  c an b u i l d

those s y s t e m s  right h e r e  in Jordan. T he material or

" K n o w l e d a g e  base" c o u l d  be t a i l o r e d  for J o r d a n i a n  Students. 

T h e  e f f e c t i v e n e s s  of s u c h  t e c h n i q u e s  h a v e  a l r e a d y  s h o w n  

e n c o u r a g i n g  results. Self teaching. " l e a r n i n g  by doing" 

c o u r s e s  can play a major part in e d u c a t i o n  in Jordan.

Jo r d a n  p r i d e s  itself on the medical a c h i e v e m e n t s  it has 

m a d e  lately. H o s p i t a l s  a re looking to a d v a n c e  further these 

a c h i e v e m e n t s  by u s i n g  AI t e c h n i q u e s  for medical c o n s u l t a t i o n s  

a n d  diagnosis. AI h as s h o w n  by the "KYCIN" research that 

c o m p u t e r  p r o g r a m s  c an o u t p e r f o r m  e x p e r i e n c e d  medical d o c t o r s  

in d i a g n o s i s  and at least c a n  help o t h e r s  in the d i a g n o s i s

process. ICAt S y s t e m s  c a n  be u s e d  to train d o c t o r s  in m a king
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d i a g n o s e s  at a low cost. A g a i n  this r e s e a r c h  can be UB e d  as 

a model or a first st e p  towa r d s  the a p p l i c a t i o n s  of ICAI 

S y s t e m s  in medicine.

Jordan. though is a cent e r  for p r o v i d i n g  trained 

p e r s o n n e l  to the other Arab Countries, still n e e d s  a trained 

c a d r e  to train and p r e p a r e  o t h e r s  p r o f e s s i o n a l l y .  Technical 

staff is still at a premium. ICAI s y s t e m s  can be u s e d  to 

train the technical personnel required such as electricians, 

m a c h i n e  operators. m a i n t e n a n c e  personnel, w e l d e r s  and other 

s k i l l e d  technicians.

W e  can see from the above the t r e m e n d o u s  p o s s i b i l i t i e s  

and i m p l i c a t i o n s  of this study. I recommend the formation of 

a technical team based in one of J o r d a n ’s U n i v e r s i t i e s  to 

c a r r y  out a d e v e l o p m e n t  project of ICAI s y s t e m s  that can be 

used at the high school and u n i v e r s i t y  levels. Also I would 

s u g g e s t  that the E n g i n e e r s  A s s o c i a t i o n  in J o rdan look into 

the p o s s i b i l i t y  of c r e a t i n g  a training c e n t e r  based on ICAI 

for technical staff training. Also h o s p i t a l s  in c o o p e r a t i o n  

with u n i v e r s i t y  r e s e a r c h e r s  can start a p r o g r a m  of ICAI for 

d o c t o r ’s training. Fina l l y  I urge the M i n i s t r y  of E d u c a t i o n 

to look into ICAI t e c h n i q u e s  for using ICAI s y s t e m s  in high 

school education.

5 . 1 . 4  Social I m p l ications

If ICAI s y s t e m s  c a n  p e r f o r m  better than traditional
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m e t h o d s  of t eaching » as this s t u d y  shows, then what do e s  

this mean to the traditional c l a s s r o o m  teac h e r  and the 

t e a c h i n g  profession?. In order to answer the first part of 

this question, one must look at com p u t e r  s c i e n c e  e d u c a t i o n  

and depart m e n t  s t a f f i n g  in J o r d a n i a n  universities. No one 

will d i s a g r e e  that there e x i s t s  an a c u t e  s h o r t a g e  of 

q u a l i f i e d  c omputer s c i e n c e  teachers. The u s e  of ICAI c o u l d  

very well sati s f y  part of this shortage. Also. high school 

t e a c h e r s  in Jordan have not had the tra i n i n g  in com p u t e r  

s c i e n c e  to cope with the new national o b j ective of 

i n troducing c o m p u t e r  e d u c a t i o n  in e l e m e n t a r y  and high 

schooIs.

T h e  other s i d e  of the q u e s t i o n  h a s  to do with the effect 

on the teaching p r o f e s s i o n ?  I p e r s o n a l l y  think that the 

tea c h i n g  p r o f e s s i o n  must adapt this n ew t e c h n o l o g y  a nd make 

use of it. Vi 11 m a k i n g  use of c o m p u t e r s  as teachers

d e h u m i n i z e  the teaching p r o f e s s i o n ?  C e r t a i n l y  the com p u t e r  

is not human and so m e  a s p e c t s  of the a b s e n c e  of the teacher

from the cl a s s r o o m  is s o m e w h a t  s t r a n g e  and may ma k e  some

p e ople insecure. I sugg e s t  that the c omputer and the teacher 

team up together thus freeing e a c h  to do what he/she/it can 

do best. In a s e n s e  the c o mputer can g i v e  the teacher

freedom from the d r u d g e r y  of routine teaching tasks such as 

m a king up q u e s t i o n s  .drilling the student by p r e s e n t i n g  

problems. c o n s t r u c t i n g  and c o r r e c t i n g  exa m i n a t i o n s .  I 

beli e v e  e d u c a t o r s  have a g o l d e n  o p p u r t u n i t y  in a new
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t e c h n o l o g y  w h e r e  the teacher can be the "master" and the ICAI 

system* the helper. It may do to the e d u c a t o r  what the 

tractor did to the farmer. I do ho p e  that e d u c a t o r s  in

Jordan and e v e r y w h e r e  e l s e  will u se ICAI systems.
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A P P E N D I X  A 

K N O W L E D G E  BASE

UNIT 1

1. If its si z e  is bulky

and it h as large v a c u u m  tubes

and it r e q u i r e s  lot of air c o n d i t i o n i n g

and it ha s  d e m a n d e d  hi g h  maint. and repair

and it is p r o d u c i n g  lot of heat

Then D e f i n i t i o n  is First G e n e r a t i o n  Com p u t e r

2. If computer do e s  not have large v a c u u m  tubes

and it has tiny t r a nsistors 

and it us e s  less electric power 

and it h as offered greater relia b i l i t y  

and its s i z e  is not bulky

Then D e f i n i t i o n  is S e c o n d  G e n e r a t i o n  C o m p u t e r

3. If its c o m p o n e n t s  are reduced in size

and its c o m p o n e n t s  are adv a m c e d  m i n i a t u r i z e d  and 

ref ined

A — 1
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and its f a c i l i t i e s  ha v e  included neu and fast I/O 

me t h o d

and its f a c i l i t i e s  h a v e  long range data t r a n smission 

and its f a c i l i t i e s  ha v e  d i s p l a y s  on v i d e o  tubes (CRTS) 

Th e n  D e f i n i t i o n  is Third G e n e r a t i o n  C o mputer

4. If technological chan g e s  are in o p e r a t i n g  s y s t e m  and

m u l 1 1 p r o g r a m i n g  and technological c h a n g e s  are in 

m u l t i p r o g r a m m i n g  and t i m e s h a r i n g  and technological 

c h a n g e s  are in d a t a  c o m m u n i c a t i o n s  and har d w a r e  

m i n i a t u r e

and neu c o n c e p t  is of virtual m e m o r y  a nd virtual 

d e v i c e s

Then D e f i n i t i o n  is F o urth G e n e r a t i o n  C omputer

5. If it is a small d e s k t o p  c o m p u t e r

and it has a CPU

and it h as at least 4KB of m a i n  m e m o r y  

Th e n  D e f i n i t i o n  is m i n i c o m p u t e r

6. If it is d e f i n e d  as a m i n i a t u r e  com p u t e r

and its c h i p  is made of s o l i d  s t a t e  1C 

and it ha s  c h a r a c t e r i s t i c s  of larger syst e m s  

Th e n  D e f i n i t i o n  is m i c r o c o m p u t e r

7. If it is a p l a n n e d  o p e r a t i o n s  on data

and these o p e r a t i o n s  are to a c h i e v e  d e s i r e d  results 

Th e n  D e f i n i t i o n  is da t a  p r o c e s s i n g
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8. I £ it is a p r o c e s s  of a s s e m b l i n g  i n s t r u c t i o n s

and this p r o c e s s  is to a s s e m b l e  in logical s e q u e n c e  

and this s e q u e n c e  is to be u n d e r s t o o d  by the c o m p u t e r  

T h e n  d e f i n i t i o n  is p r o g r a m m i n g

9. If it is a set of i n s t r u c t i o n s

and it is fed into the c o m p u t e r

and it is to a c c o m p l i s h  a p a r t i c u l a r  j ob

Then D e f i n i t i o n  is the p r o g r a m

10. If it is c o l l e c t i o n  of physical e q u i p m e n t

and this e q u i p m e n t  is the d e v i c e s  of c o m p u t e r  

and this e q u i p m e n t  is i n c l u d i n g  p e r i p h e r a l  d e v i c e s  

Th e n  D e f i n i t i o n  is h a r d w a r e

11. If it is a set of p r o g r a m  and p r o c e d u r e s

and it has a s s o c i a t e d  d o c u m e n t a t i o n

and this d o c u m e n t a t i o n  is c o n c e r n e d  w i t h  o p e r a t i o n  of 

Da t a  P r o c e s s i n g  s y s t e m s  

Th e n  d e f i n i t i o n  is s o f t w a r e

12. If it is to a c c e p t  data for p r o c e s s i n g

and it is to m a k e  results a v a i l a b l e

and these resu l t s  a r e  sent to output d e v i c e s

Th e n  d e f i n i t i o n  is CPU

13. If it is to m a n a g e  I/O d e v i c e s

and CPU is s e n d i n g  I/O request to it

and it is in t e r f a c e  b e t w e e n  I/O d e v i c e s s  a nd CPU
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T h e n  D e f i n i t i o n  is channels.

U N I T  2

1. If it is c i r c u i t r y  to do a r i t h m e t i c  o p e r a t i o n s

a nd it is c i r c u i t r y  to do logical o p e r a t i o n s  

a nd it is a part of CPU

T h e n  D e f i n i t i o n  is ALU A r i t h m e t i c  and Logical Unit

2. If it has to d e c o d e  i n s t r u c t i o n s  of e x e c u t i o n

a nd it is c o o r d i n a t i n g  all o p e r a t i o n s

a nd it is s e n d i n g  c o m m a n d s  to ALU

a nd it is s e n d i n g  c o m m a n d s  to 10 d e v i c e s

Then D e f i n i t i o n  is Control Un i t  <CU)

3. If it has A r i t h m e t i c  and logic unit

and it has Control Unit

and it s u p e r v i s e s  and c o n t r o l s  DP c o m p o n e n t s

and it is K n o w n  as h e a r t  of DP s y stem

Th e n  D e f i n i t i o n  is Central P r o c e s s i n g  Unit (CPU)

4. If it is Known a s  co r e  s t o r a g e

a nd Da t a  for instant p r o c e s s i n g  is p l a c e d  in it 

a nd ea c h  un i t  is a d d r e s s a b l e

and i n f o r m a t i o n  s t o r e d  is only in b i n a r y  form 

T h e n  D e f i n i t i o n  is Ma i n  s t o r a g e

A— 4
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5- If it is s t o r i n g  infor m a t i o n  tempo r a r i l y

and it is r e c e iving infor m a t i o n  from o t h e r  a r e a s  

and it t r a n s f e r s  i n f o r m a t i o n  to other a r e a s  

and its length is not mo r e  than one w o r d  

Th e n  D e f i n i t i o n  is register

6. If it h as m a g n e t i c  e l e m e n t

and data is r ecorded in t r acks on it

and r ecorded data is moved past r e c o r d i n g  h e a d s

and it is K n o w n  a s  disk, dr u m  or tape

Th e n  D e f i n i t i o n  is M a g n e t i c  s t o r a g e  d e v i c e s

7. If its physical c o n s t r u c t i o n  is s i m i l a r  to m a i n  stor a g e

and user is c a p a b l e  to w r i t e  i n f o r m a t i o n  on it

and user is c a p a b l e  to read i n f o r m a t i o n  from it

Th e n  D e f i n i t i o n  is R a n d o m  A c c e s s  M e m o r y  (RAM)

8. If its physical c o n s t r u c t i o n  is s i m i l a r  to ma i n  s t o r a g e

and user is not c a p a b l e  to w r i t e  i n f o r m a t i o n  on it

and user is c a p a b l e  to read i n f o r m a t i o n  from it

and s o m e  s o f t w a r e  is s t o r e d  on it 

Then D e f i n i t i o n  is R e a d  On l y  M e m o r y  (ROM)

UNIT 3

1. If it is used p r i m a r i l y  for s t o r a g e

and it is r e s e m b l i n g  a 4 5 - R P M  record

and it i s low cost s t o r a g e  d e vice

and i t i s co m p a c t  a n d  flexible
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T h e n  D e f i n i t i o n  is floppy disk

2. If it is u s e d  o n - l i n e

an d  it is for d i r e c t  c o m m u n i c a t i o n s  with c o m p u t e r

an d  it is to repl a c e  hard co p y  output

a n d  it is used for o n - l i n e  inquiry

T h e n  d e f i n i t i o n  is d i s p l a y  t e r m i n a l s  (CRT)

3. If its c h a r a c t e r  set is m a c h i n e  r e c o g n i z a b l e

a nd its output is useful to p e o p l e  and m a c h i n e s  

a nd its e x t e n s i v e  u se is in b a n k i n g  o p e r a t i o n s  

T h e n  d e f i n i t i o n  is M a g n e t i c  Ink C h a r a c t e r  R e ader

4. If it is e i t h e r  zero or one

and it is a b b r e v i a t i o n  of b i n a r y  digit

and this term is used in c o m p u t e r  t e r m i n o l o g y

T h e n  d e f i n i t i o n  is bit

5. If its length is 8 bits

and it is to a c c o m o d a t e  o ne c h a r a c t e r  

and it is made up of four zo n e  bits 

and it is ma d e  up of four n u m e r i c  bits 

T h e n  d e f i n i t i o n  is byte

6. If it is n u mber of d i g i t s  in a n u m b e r - s y s t e m

T h e n  d e f i n i t i o n  is ba s e  (Radix)
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7. If it is known as n u m b e r - s y s t e m

and it h a s  only 2 d i g i t s  (0 a nd 1 )

Th a n  d e f i n i t i o n  is b i n a r y - n u m b e r - s y s t e m

8. If it is k n o w n  as n u m b e r - s y s t e m

and it h as 8 d i g i t s  (0»1»2...»7) 

and its b a s e  is 8

Th e n  d e f i n i t i o n  is Octal N u m b e r - S y s t e m

9. If it is known as n u m b e r - s y s t e m

and it h as 16 d i g i t s  <0» 1» 2. . . 9, A» B. . . F ) 

and its base is 16

Th e n  d e f i n i t i o n  is H e x a d e c i m a l  N u m b e r - S y s t e m

10. If its length is 4 bits

and these 4 b i t s  a r e  r e p r e s e n t i n g  decimal digit

and r e p r e s e n t a t i o n  is in b i n a r y

T h e n  d e f i n i t i o n  is B C D  (Binary C o d e d  Decimal)

11. If its length is 8 bits

and it is to represent all c h a r a c t e r s  

and it is al s o  k n o w n  as b y t e  of da t a  

and its a b b r e v i a t e d  name is for E x t i o n  

of B i n a r y  C o d e d  Decimal 

Th e n  d e f i n i t i o n  is E B C D I C

12. If its c o n f i g u r a t i o n  has used s e v e n  bits

and its e i g h t h  bit is for p a r i t y  c heck  

and it is to re p r e s e n t  all c h a r a c t e r s
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and this c o d e  result is an a t t e m p t  to s i m p l i f y  

c o m m u n i c a t i o n s  an d  this c o d e  result is an 

attempt to s t a n d a r d i z e  c o m m u n i c a t i o n s  

Then d e f i n i t i o n  is ASCII

UNIT 4

1. If it is r e p r e s e n t i n g  an event or fact

and this is real w o r l d  fact

and it is r e p r e s e n t e d  as s t r i n g  of c h a r a c t e r s  

Then d e f i n i t i o n  is Data

2. If it is o b t a i n e d  by p r o c e s s i n g  da t a

and it is result of c o l l e c t i n g  data

and it is result of a n a l y s i s  of data

and it is result of s u m m a r i z i n g  data

Then d e f i n i t i o n  is Information

3. If it is a p i e c e  of data

and it is r e f e r e n c e d  as e l e m e n t  in p r o c e s s i n g  

Then d e f i n i t i o n  is field

4. If it is a set of p i e c e s  of da t a  (fields)

and these p i e c e s  ar e  related wi t h  ea c h  other

and these p i e c e s  ar e  c o m b i n e d  to represt an e n tity

Then d e f i n i t i o n  is record
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5. If it is a set of records

and these records are s t o r e d  on s t o r a g e  d e v i c e 

a nd these records are kept for retrieval 

T h e n  d e f i n i t i o n  is file

6. If it is a c o l l e c t i o n  of da t a  fun d a m e n t a l s

and this c o l l e c t i o n  is b e l o n g i n g  to an e n t e r p r i s e  

and this c o l l e c t i o n  is used m o s t l y  for q u e r i e s  

or if it is a c o l l e c t i o n  of interelated files 

Th e n  d e f i n i t i o n  is Data B a s e  (DB)

7. If it is a c o m p u t e r i z e d  s y s t e m

and this s y s t e m  has n u m e r o u s  c o m p o n e n t s  

and its p u r p o s e  is im p l e m e n t a t i o n  of large scale DB 

and its p u r p o s e  is for m a n a g e m e n t  and p r o t e c t i o n  of 

LSDB

Then d e f i n i t i o n  is data b a s e  m a n a g e m e n t  s y s t e m

8. If this is a p r o c e s s  of e x e c u t i o n

and this p r o c e s s  is e x e c u t i n g  p r o g r a m s  s e r i a l l y  

or if this proc e s s  is s equential input of 

p r o g r a m s / d a t a

or if e x e c u t i o n  of one prog r a m  is c o m p l e t e d  b e fore  

next program

Th e n  d e f i n i t i o n  is batch p r o c e s s i n g
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S. If this is a mo d e  of com p u t e r  s y stem

a nd in th i s  m o d e  input d a t a  is e n t e r e d  d i r e c t l y  from 

o r i g i n

and output da t a  is t r a n s m i t e d  d i r e c t l y  w h e r e  used 

Th e n  d e f i n i t i o n  is on-l i n e  s y stem

10. If this is a c o m p u t e r  a p p l i c a t i o n

and If r e s p o n s e  to input is so fast

it o f f s e t s  next input

Th e n  d e f i n i t i o n  is r e a l-time

11. If this is a c o m p u t e r  a p p l i c a t i o n

a nd this c o m p u t e r  a p p l i c a t i o n  is 

a l l o w i n g  many u s e r s  s a m e  time a c c e s s  

a nd many u s e r s  a r e  allo w e d  to e x e c u t e  p r o g r a m s  

a nd these u s e r s  are allo w e d  to interact d u r i n g  

e x e c u t  i on

T h e n  d e f i n i t i o n  is tim e - s h a r i n g

UNIT 5

1. If it is a s t r i n g  of binary d i g i t s

a n d  this s t r i n g  is c o n v e r s i o n  of a n o t h e r  bit s t r i n g  

a n d  each d i g i t  p o s i t i o n  is r e versed i.e 0 by 1 a n d  1 

by 0

and one is a d d e d  to this s t r i n g 

T h e n  d e f i n i t i o n  is t w o ’s c o m p l e m e n t
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2. If it is a s t r i n g  of b i n a r y  d i g i t s

a n d  this s t r i n g  is c o n v e r s i o n  of anot h e r  bit s t r i n g  

a n d  each digit p o s i t i o n  is re v e r s e d  i .e 0 by 1 a nd 1 

by O

a nd one is not added to this s t r i n g 

T h e n  d e f i n i t i o n  is o n e ’s c o m p l e m e n t

3. If it is used for s t o r a g e

an d  it is e x t e n s i o n  of m a i n  m e mory 

a n d  all infor m a t i o n  to and from 

it has to pass thru ma i n  m e mory 

Th e n  d e f i n i t i o n  is s e c o n d a r y  s t o r a g e

4. If it is us e d  for s t o r a g e

a n d  it is in the form of c a r t r i d g e / c a s s e t t e  

a n d  m a g n e t i c  material is c o a t e d  on it for r e c o rding 

an d  it is sequential in n a t u r e  

Th e n  d e f i n i t i o n  is tape

5. If it is a h a r d w a r e  d e v i c e

and it is used to r e a d / w r i t e  (R/W) 

d a t a  on M a gnetic tapes

T h e n  d e f i n i t i o n  is tape d r i v e  (tape unit)

6. If it is a h a r d w a r e  d e v i c e

an d  it is used to R/W d a t a  on d i s k s 

T h e n  d e f i n i t i o n  is Disk d r i v e  (Disk unit)
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7. If it is thin met a l l i c  plat t e r

a nd it is r e s e m b l i n g  a p h o n o g r a m  

and it is c o a t e d  on both s i d e s  with 

iron o x i d e  re c o r d i n g  material 

a nd several p l a t t e r s  are moun t e d  

on a v ertical shaft

a n d  it h a s  c o n c e n t r i c  c i r c u l a r  tracks 

and r e a d / w r i t e  h e a d s  are p o s i t i o n e d  

by a c c e s s  arm in it

Then d e f i n i t i o n  is Disk (Magnetic Disk)

UNIT 6

1. If it is u s e d  to c o m m u n i c a t e  wi t h  co m p u t e r

a nd it is used to c o n v e y  i n s t ructions

and it is termed as a language

Then d e f i n i t i o n  is p r o g r a m m i n g  language

2. If it is a p r o g r a m m i n g  language

and it is used for b u s i n e s s  a p p l i c a t i o n s  

and it is a b b r e v i a t e d  from 

c o m m o n  b u s i n e s s  o r i e n t e d  l anguage 

T h e n  d e f i n i t i o n  is C O B O L

3. If it is a p r o g r a m m i n g  language

and it is used in s c i e n t i f i c  a p p l i c a t i o n s  

and it is a b b r e v i a t e d  from F O R M U L A  T r a n s l a t i o n  

T h e n  d e f i n i t i o n  is F O R T R A N

A - 12
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4. If it is a p r o g r a m m i n g  l anguage

and it is us e d  p r i m a r i l y  for all p u r p o s e  

and it is a b b r e v i a t e d  from

b e g i n n e r s  all p u r p o s e  s y m b o l i c  inst r u c t i o n s  code 

Th e n  d e f i n i t i o n  is BASIC

5. If it is a p r o g r a m m i n g  lan g u a g e

and it is a low level language 

and it is near to m a c h i n e  language 

Th e n  d e f i n i t i o n  is A S S E M B L E R

6. If it is a p r o g r a m m i n g  language

and it is used to g e n e r a t e  repo r t s

and it is a b b r e v i a t e d  from report p r o g r a m  g e n e r a t e  

Then d e f i n i t i o n  is R P G  ( R e p o r t  P r o g r a m  Generator)

7. If it is a p r o g r a m m i n g  language

and it is used for list p r o c e s s i n g

and its name is of an early com p u t e r  s c i e n t i s t

Th e n  d e f i n i t i o n  is P A SCAL

8. If it is a p r o g r a m m i n g  language

and it is used in s c i e n t i f i c / b u s i n e e s  a p p l i c a t i o n s  

and it is a b b r e v i a t e d  from p r o g r a m m i n g  language I 

Then d e f i n i t i o n  is PL/I < P r o g r a m m i n g  language I)

UNIT 7
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1. If the s y s t e m  h a s  CPU

a nd the s y s t e m  h as ma i n  memory 

a nd the s y s t e m  h as input d e v i c e s  

and the s y s t e m  h a s  o u tput d e v i c e s  

Then the m a c h i n e  is com p u t e r  

E l s e  t he m a c h i n e  is not c o m p u t e r

2. If the Unit has ALU

and the Unit has control unit

and the unit has flip flop r e g i s t e r s

then the s y s t e m  h a s  CPU

Else the s y s t e m  does not have CPU

3. If the unit has an I/O link with ma i n  m e m o r y

and the unit h as a b i l i t y  to fetch i n s t r u c t i o n s

and the unit has a b i l i t y  to d e c o d e  i n s t r u c t i o n s

and the unit is ab l e  to c o m m a n d  ALU

Then the unit ha s  control unit

Else the unit d o e s  not have control unit

4. If the unit has an I/O link with ma i n  m e m o r y

and the unit is ab l e  to fetch a nd s t o r e  data

and the unit is ab l e  to p e r f o r m  a r i t h m e t i c  op

and the unit is ab l e  to perf o r m  logical op

and the unit h as a c c u m u l a t o r s

T h e n  the unit has ALU

E l s e  the unit d o e s  not ha v e  ALU
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5. If it is small unit of v o l a t i l e  m e mory

and infor m a t i o n  is s t o r e d  t e m p o r a r i l y

and c a p a c i t y  of one unit is 32 bits or four b y t e s

and these u n i t s  are usua l l y  16 in n u mber

Then the unit has flip flop registers

Else the unit d o e s  not have flip flop registers

6. If the unit has cores

and the unit is ab l e  to store information

and it is known as RAM

and it h as 1/0 link with CPU

and it h as input link with input d e v i c e s

and it h as o u t p u t  link with o u tput d e v i c e s

Then the s y s t e m  has main memory

Else the s y s t e m  does not have main m e m o r y

7. If the s y s t e m  has terminal screen

or if the s y stem has card reader

or lf the s y stem has disk d r i v e s

or if the s y stem has drum units

or if the s y stem has floppy dis k e t t e

or if the s y stem has tape d r ives

Then the s y s t e m  has input devi c e s

Else the s y s t e m  does not have input d e v i c e s

8. If the s y s t e m  h as terminal screen

or if the s y s t e m  has printer

or if the s y s t e m  has disk d r ives

A - 15
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or if the s y s t e m  has d r u m  u n i t s

or if the s y s t e m  has floppy d i s k e t t e

or if the s y s t e m  h as tape d r i v e s

or if the s y s t e m  h as c a r d  p u n c h  d e v i c e

Th e n  the s y s t e m  has output d e v i c e s

El s e  the s y s t e m  do e s  not ha v e  output d e v i c e s

U N I T  8

1. If it is a c o m p t e r  a p p l i c a t i o n  prog r a m

or if it is a c o m p u t e r  control p r o g r a m  

and it is s t o r e d  in ma i n  m e mory 

or if it is s t o r e d  on s t o r a g e  d e vice 

Then p r o g r a m  is c o m p u t e r  s o f t w a r e  

Else p r o g r a m  is not c o m p u t e r  s o f t w a r e

2. If it is a set of i n s t r u c t i o n s

and it is w r i t t e n  by p r o g r a m m e r

and it is in s o u r c e  co d e

and it is us e d  to g e n e r a t e  report

or if it is used to c r e a t e  a file

or if it is used to u p d a t e  a file

or if it is used to ret r i e v e  i n f o r m a t i o n

T h e n  it is a c o m p u t e r  a p p l i c a t i o n  p r o g r a m

El s e  it is not c o m p u t e r  a p p l i c a t i o n  p r o g r a m
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3* If it is a se t  of i n s t r u c t i o n s

and it is s u p p l i e d  by m a n u f a c t u r e r

and it is used to control c o m p u t e r

or if it is to o r g a n i z e  d e v i c e s  or files

a nd it is in object code

Then it is a c o m p u t e r  control prog r a m

Else it is not c o m p u t e r  control p r o g r a m

4. If it is in h u m a n  o r i e n t e d  language

or if it is w r i t t e n  in C O B O L  or F O R T R A N

or it is writ t e n  in PL/I or PASCAL

or it is writ t e n  in A S S E M B L E R

T h e n  it is in s o u r c e  code

5. If it is in b i n a r y  form only

and it is not in h u m a n  o r i e n t e d  l a nguage 

Th e n  it is in object code

6. If it is E n g l i s h  like language

or if it is e a s i l y  u n d e r s t o o d  by h u m a n s

Th e n  it is human o r i e n t e d  language

Else it is not in h u m a n  o r i e n t e d  language

A— 17

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

A P P E N D I X  B 

R E F E R E N C E S

1. Abelson, R. P.» 1979. D i f f e r e n c e s  b e t w e e n  b e l i e f  and

k n o w l e d g e  systems. C o g n i t i v e  S c i e n c e  3:355-366.

2. Abelson. H . . a nd diSessa. A.. 1981. T u r t l e  g e o metry: The

c o m p u t e r  as a m e d i u m  for e x p l o r i n g  math e m a t i c s . 

Cambridge. Mass.. MIT Press.

3. Anderson. J. R . . 1976. Language. memory. a n d  thought.

Hillsdale. N.J.. Lawrence. Erlbaum.

A. Anderson. J. R . . a n d  Bower. G. H . . 1973. Human

a s s o c i a t i v e  memory, Washington, D.C., Winston.

5. Atkinson. R. C . » and Wilson. H . A .(Eds.)» 1969.

C o m p u t e r - a s s i s t e d - i n s t r u c t i o n ,  N ew York. A c a d e m i c  Press.

6. Backus. J. W . » 1958, A u t o m a t i c  p r o g r a m m i n g - p r o p e r t i e s

and p e r f o r m a n c e  of F O R T R A N  s y s t e m s  I and II. P r o c e e d i n g s  

of the S y m p o s i u m  on the M e c h a n i s a t i o n  of T h o u g h t  

Processes, Teddrngton. Middlesex. England. National 

P hysical Laboratory.

B — 1

R e p ro d u c e d  with p e rm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited w ithout perm iss ion .



www.manaraa.com

R E F E R E N C E S

7. Barri A.. Beard* M . > a nd Atkinson* R.C.* 1975. A rational 

a n d  d e s c r i p t i o n  of a CAI p r o g r a m  to teach the B A S I C  

p r o g r a m m i n g  language. Instructional S c i e n c e  4: 1-31.

8. Barr. A.. Beard. M. . and Atkinson. R.C.. 1976. T h e

c o m p u t e r  as a tutorial laboratory: T h e  S t a n f o r d  BI P

project. International Journal of N a n - M a c h i n e  S t u d i e s  

8:567-596.

9. Barr. A . . a nd Atkinson. R. C . . 1977. A d a p t i v e

instructional strategies. In H. S p a d a  a nd U. F. Kempf 

(Eds.). Struc t u r a l  m o d e l s  of t h i n k i n g  and learning. Bern: 

Hans Huber.

10. Barr. A.. Feigenbaum. E. A., and Cohen. P. R . . 1982.

The H a n d b o o k  of Artificial Intelligence. 3 v o l s . . W. 

Kaufman. Los Altos. California.

11. Biermann. A. U . . 1976. A p p r o a c h e s  to a u t o m a t i c

p r o g r a m m i n g  In N. R u b i n o f f  Press. 1-63.

12. Boden. M a r g a r e t  A.. Artificial I n t e l l i g e n c e  a nd Natural 

Man. Basic Books. New York. 1977.

13. Booth. A. D. (Ed.). 1967. M a c h i n e  translation.

Amsterdam. N o r t h - H o l 1 and.

14. Boyer. R. S.. a nd Moore. J. S.. 1979. A c o m p u t a t i o n a l

logic. N ew York. Aca d e m i c  Press.

B — 2

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S

15. Brown. G. P . . 1S77. A framework for p r o c e s s i n g  dialogue.

Rep. No. TR-182. L e b o r a t o r y  for C o m p u t e r  Science.

M a s s a c h u s e t t s  Institute of Technology.

16. Brown. J. S.. 1975. Uses of AI and a d v a n c e d  c omputer

technology in education. Bolt. Beranek. a nd Newman. 

Cambr idge.

17. Brown. J. S.. 1977. Uses of artificial i n t e lligence and

adv a n c e d  c omputer t echnology in education. In R. J.

Seidel and M. Rubin (Eds.). C o m p u t e r s  and 

commun i c a t i o n s :  Implications for education. New York.

A c ademic Press. 253-270.

18. Brown. J.S.. Burton. R. R . . and Bell, A. G. , 1974,

SOPHIE: A s o p h i s t i c a t e d  instructional e n v i r o n m e n t  for

teaching electr o n i c  t r o u b l e s h o o t i n g  (an e x a m p l e  of AI in 

CAI) BBN Rep. No. 2790, Bolt Beranek a nd Newman. Inc., 

Cambridge, Mass.

19. Brown, J. S.. Burton, R. R . , and Larkin. K. M . , 1977,

R e p r e s e n t i n g  and u sing procedural bugs for e d ucational 

purposes. Proceedings: 1977 Annual Confernce, ACM,

Seattle, 247-255.

20. Brown. J. S., and Goldstein. I.P., 1977. C o m p u t e r s  in a

learning society. T e s t i m o n y  for the House S c i e n c e  and 

T e c h n o l o g y  S u b c o m m i t t e e  on Domestic and International 

Planning. Analysis, and Cooperation.

B — 3

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S

21. Brown* J. S., a nd Burton* R. R. 1978* M u l t i p l e

r e p r e s e n t a t i o n s  of kn o w l e d g e  for tutorial reasoning* In 

D. G. B o brow and A. Col l i n s  (Eds.)* R e p r e s e n t a t i o n  and 

underst a n d i n g :  S t u d i e s  in cognitive* New York* A cademic

Press* 311-349.

22. Brown* J. S.* Collins* A.* and Harris* G . * 1978.

A rtificial intel i g e n c e  and learning strategies* In H. 

O ’Neil (Ed.)* L e a r n i n g  strategies. New York* A cademic  

Press. 107-140.

23. Buchanan* B. G . . Sutherland. G. L . * and Feigenbaum. E.

A.* 1989. He u r i s t i c  DENDRAL: A p r o g r a m  for g e n e r a t i n g

ex p l a n a t o r y  h y p o t h e s e s  in organic chemistry* In B. 

Melt z e r  and D. M i c h i e  (Eds.)* M a c h i n e  Intelligence 4* 

Edinburgh. E d i n b u r g h  U n i v e r s i t y  Press. 209-254.

24. Buchanan. B. G . . Mitchell* T. M . . Smith. R. G . . and

Johnson* C. R. Jr.* 1977, M o d e l s  of learning systems,

In J. Belzer, A. G. Holzman, a nd A. kent (Eds.)*

E n c y c l o p e d i a  of c o m p u t e r  s c i e n c e  and t e c h n o l o g y  ( V o l . 11), 

New York* Marcel Dekker. 24-51.

25. Carbonell. J. R . , 1970* M i x e d - i n i t i a t i v e  m a n - c o m p u t e r

instructional dialogues* BBN Rep. No. 1971* Bolt 

Bera n e k  and Newman. Inc.* Cambridge, Mass.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S

26.

27.

28.

29.

30.

31.

32.

Carr. B.» and Goldstein. 1.. 1977. O v e r l a y s :  A theory of

m o d e l i n g  for c o m p u t e r  a ided instruction. AI Me m o  406. AI 

La boratory. M a s s a c h u s e t t s  Institute of Technology.

Clancey. W. J.. 1979. T r a n s f e r  of r u l e - b a s e d  e x p e r t i s e

t h r o u g h  a tutorial dialogue. Rep. No. S c i e n c e  Dept.. 

S t a n f o r d  University. (Doctoral d i s s e r t a t i o n . )

Clancey. W. J,. and Letsinger. R . . 1982. NEOMYCIN;

R e c o n f i g u r i n g  a r u l e - b a s e d  e x pert B y s t e m  for a p p l i c a t i o n  

to teaching. IJCAI 7.829-836.

Collins. A. M.. 1976. P r o c e s s e s  in a c q u i r i n g  knowledge.

In R. C. Anderson. R. J. Spiro, and W. E. Mon t a g u e  

(Eds.). S c h o o l i n g  and the a c q u i s i t i o n  of knowledge. 

Hillsdale. N. J.. L a w r e n c e  Erlbaum. 339-363.

Collins. A. M.. 1978a. F r a g m e n t s  of a t h e o r y  of human

p l a u s i b l e  re a s o n i n g  TINLAP-2. 194-201.

Collins. A. M . . 1978b. R e a s o n i n g  form incomplete

knowledge. In D. G. Bobrow a nd A. C o l l i n s  (Eds.). 

R e p r e s e n t a t i o n  a nd u n d e rstanding; S t u d i e s  in c o g n i t i v e  

science. N ew York. A c a d e m i c  Press. 383-415.

Crowder. N. A.. 1962. Intrinsic and e x t r insic

prog r a m m i n g .  In J. E. C o u l s o n  (Ed.). P r o c e e d i n g s  of the 

C o n f e r e n c e  on A p p l i c a t i o n  of Digital C o m p u t e r s  to 

A u t o m a t e d  Instruction. New York. Wiley. 58-65.

B-5

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S

33.

34.

35.

35.

37.

38.

39.

Davis. R. . 1976. A p p l i c a t i o n s  of m e t a - l e v e l  k n o w l e d g e  to

the con s t r u c t i o n ,  m a i n t e n a n c e ,  and use of large k n o w l e d g e  

bases. Memo AIM-283. AI Laboratory. a nd Rep. No.

S T A N - C S - 7 6 - 5 5 2 .  C o m p u t e r  S c i e n c e  Dept.. S t a n f o r d  

U ni v e r s i  t y .

F e i genbaum. and J. F e l d m a n  (Eds.). 1963. C o m p u t e r s  and

thought. New York. McGraw-Hill. 71-105.

Feige n b a u m .  E. A., and S i m o n  H. A.. 1964. A t h e o r y  of

the serial p o s i t i o n  effect. B r i t i s h  Journal of P s y c h o l o g y  

3 5 :307-320.

Fischer. G . . Brown. J. S.. and Burton. R. R . . 1978.

A s p e c t s  of a t h eory of s i m p l i f i c a t i o n ,  debugging, and

coaching. P r o c e e d i n g s  of the S e c o n d  Annual C o n f e r e n c e  of 

the C a n a d i a n  S o c i e t y  for C o m p u t a t i o n a l  Intelligence.

Fischer. K. W . . 1980. A theory of c o g n i t i v e  d e v e l o p m e n t :

The Control and C o n s t r u c t i o n  of H i e r a r c h i e s  of Skills. 

P s y c h o l o g i c a l  Reveiw. 87:477-531.

F i t z - G i b b o n .  C. T . » and Morris. L.L.» 1978. H o w  to

d e s i g n  a p r o g r a m  evaluation. B e v e r l y  Hills. Sage 

P u b l ication.

Goldberg. A.. 1973. C o m p u t e r - a s s i s t e d  instruction: T he

a p p l i c a t i o n  of t h e o r e m  p r o v i n g  to a d a p t i v e  r e s p o n s e  

analysis. Tech. Rep. 203. Institute for M a t h ematical

S t u d i e s  in the Social Sciences. S t a n f o r d  U n i versity.

B-6

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S

40.

41.

4 2 .

43.

44.

45.

45.

47.

Goldstein. 1.. 1977. The c o m p u t e r  as coach: An a t h l e t i c

p a r a d i g m  for intellectual education. AI Me m o  389. AI

Laboratory. M a s s a c h u s e t t s  Institute of Technology.

Goldstein. I.. 1979. The g e n e t i c  e p i s t e m o l o g y  of rule

systems. International Journal of M a n - M a c h i n e  S t u d i e s  

1 1 :51-77.

Hayes-Roth. B . . 1980. Human p l a n n i n g  processes. Rep. No.

R-2670-0NR. Rand Corp.. S a n t a  Monica. Calif.

Hayes-Roth. Frederick. Waterman. D. A.. a nd L e n a t  D.

B . . (editors). 1983. B u i l d i n g  e x pert systems. A d d i s o n -  

Wesley. Reading. MA.

Heidorn. G. E . . 1977. T he e nd of the user p r o g r a m m e r ?

T h e  S o f t w a r e  Revolution. infotech S t a t e  of the Art

C o nference. Copenhagen. Denmark.

Herzberg, F . . 1966. Work and the n a t u r e  of man. World

p u b l i s h i n g  Co.. Inc.

Howe. J. A. M . . 1973. Indivi d u a l i z i n g  c o m p u t e r - a s s i s t e d

instruction. In A. E l i t h o r n  and D. J o n e s  (Eds.), 

A rtifi c i a l  and Human Thinking, Amsterdam, Elsevier. 

94-101.

Jacquez. J. A. (Ed.). 1964, The d i a g n o s t i c  process.

P r o c e e d i n g s  of a c o n f e r e n c e  s p o n s o r e d  by the B i o m e d i c a l 

Data P r o c e s s i n g  T r a i n i n g  Program, U n i v e r s i t y  of M i c h i g a n

B— 7

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S  

Medical School* Ann Arbor.

4 8 .

49.

50.

51.

52.

53.

54.

Koffman* E. B . * and Blount* S. E . * 1975* Artificial

I n t e l l i g e n c e  and A u t o m a t i c  P r o g r a m m i n g  in CAI* Artificial 

I n t e l l i g e n c e  6:215-234.

Laubsch. J. H . . 1975* S o m e  t h o u g h t s  about r e p r e s e n t i n g  

k n o w l e d g e  in instructional systems* 1JCAI 4*122-125.

Ledley* R . * and Lusted. L . . 1959* R e a s o n i n g  found a t i o n s

of medical diagnosis. S c i e n c e  130:9-21.

Liao. S.* 1978. L e a r n e r  d i r e c t e d  instruction: Additional

Evidences. T he A c c o u n t i n g  Review. 53:155-161.

Lippitt. G. 1983. Learning: Doing what can come

naturally. T r a i n i n g  a nd D e v e l o p m e n t  Journal. August. 

70-37.

Maslow, A. H . . 1970. M o t i v a t i o n  a nd p e r s onality. 2nd.

Edition. H a rper and Row Publishers. New York. NY.

McCarthy. J.. 1958. P r o g r a m s  wi t h  c o m m o n  sense. In

P r o c e e d i n g s  of the S y m p o s i u m  on the M e c h a n i z a t i o n  of 

T h o u g h t  Processes. National Physical L a b o r a t o r y  1:77-84. 

(Reprinted in M. L. M i n s k y  (Ed.). 1968. S e m a n t i c

i n f o r m a t i o n  processing. Cambridge. Mass.. MIT Press. 

403-409.>

B—8

R e p ro d u c e d  with p e rm iss ion  of th e  copyright ow ner.  F u r th e r  rep roduction  prohibited w ithout perm iss ion .



www.manaraa.com

R E F E R E N C E S

55. McDermott. D. , a nd Doyle. J.. 1980. N o n - m o n o t o n i c  logic

I. Artificial I n t e lligence 13:41-72.

55. Michie. D . . 1974. On m a c h i n e  intelligence. John W i l e y  and

Sons. New York.

57. Miller. M. L . . and Goldstein. I.. 1977. Pro b l e m  s o l v i n g

g r a m m a r s  as formal tools for intelligent CAI.

Proceedings: 1977 Annual Conference. ACM. Seattle.

58. Minsky. M . . 1975, A framework for r e p r e s e n t i n g  knowledge.

In P. Winston (Ed.). The p s y c h o l o g y  of c o m p u t e r  vision. 

New York. McGraw-Hill. 211-277.

59. Moses. J.» 1957. S y m b o l i c  Integration. Ph.D. Thesis.

M a s s a c h u s e t t s  Institute of Technology, Cambridge. MA.

60. Mostow, D. J.. 1981. Mechanical t r a n s f o r m a t i o n  of task

h e u r i s t i c s  into operational procedures, Rep. No. 

CS-81-113, Com p u t e r  Scie n c e  Dept., C a r n e g i e - M e l 1 on 

University. (Doctoral dissertation.).

61. Mostow, D- J . . and Hayes-Roth. F . . 1979, M a c h i n e - a i d e d

he u r i s t i c  programming: A p a r a d i g m  for k n o w l e d g e

engineering. Rep. No. Rand N-1007-NSF, Rand Corp., 

S a n t a  Monica, Calif.

52. Newell, A., and Simon, H. A., 1972, Human p r o b l e m

solving. E n g l e w o o d  Cliffs. N. J., P r e n t i c e - H a l 1.

B-9

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S

63.

64.

65.

66 .

67.

68.

69.

Nilsson. N. J.» 1974. Artificial intelligence. In J. L.

R o s e n f e l d  (Ed.). Infromation p r o c e s s i n g  74: P r o c e e d i n g s

IFIP C o n g r e s s  1974. Amsterdam. N o rth- Holland. 7 7 8 — 801.

Norman. D. A . . Gentner. D. R . . and Stevens. A. L . . 

1976. C o m m e n t s  on learning s c h e m a t a  and memory

r epresentation. In D. Klahr (Ed.). C o g n i t i o n  and 

instruction. Hillsdale. N. J.. L a w r e n c e  Erlbaum. 

177-196.

Owens. R. G . . 1981. Organizational B e havior in

Education. 2nd Edition. P r e n t i c e - H a l 1. Inc.. E n g lewood 

Cliffs. N.J.

Piaget. J. (D. Coltman. Trans.). 1970. Scie n c e  of

e d u c a t i o n  and the p s y c h o l o g y  of the child. New York. 

Vi k ing.

Piaget. J.. 1981. T he p s y c h o l o g y  of intelligence.

Littlefield. A d a m s  and Co.. Ottowa. New Jersey.

Piaget. J.. and Inhelder. B. (H.Weaver. Trans.). 1969. 

T h e  p s y c h o l o g y  of the child. New York. Basic Books.

Porter. Lyman W. and Lawler. E d ward E . . 1968. Managerial

A t t i t u d e s  and Performance. Rich a r d  D. Irwin. Inc.. 

Homewood. IL.

B-10

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S

70.

71.

72.

73.

74.

75.

75.

Quillian* M. R. . 1968* S e m a n t i c  Memory. In M. M i n s k y

(Ed.)* S e m a n t i c  i n f o r m a t i o n  processing* Cambr i d g e *  Mass.* 

M I T  Press, 216-270.

Roberts* L . * 1965* M a c h i n e  p e r c e p t i o n  of

t h r e e - d i m e n s i o n a l  solids. In J. T i p p e t t  (Ed.), Optical 

a n d  e l e c t r o - o p t i c a l  i n f o r m a t i o n  p r ocessing* Cambridge* 

Mass.* MIT Press* 159-197.

Robinson* J. A.* 1965a* A M a c h i n e - O r i e n t e d  Logic Based

on the R e s o l u t i o n  principle. Journal of the A s s o c i a t i o n  

for C o m p u t i n g  M achinery? vol. 12* no. 1.

Robinson, J. A.* 1965b* A m a c h i n e - o r i e n t e d  logic based

on the r e s o l u t i o n  principle* J. ACM 12:23-41.

Ruyle* Kim E . * 1987. E f f e c t i v e n e s s  of an e x pert s y s t e m

for t e a c h i n g  technical s u b j e c t  m a t t e r  (Dissertation), 

O r e g o n  S t a t e  University* Eugene* Oregon.

Samuel* A. L . . 1959* S o m e  s t u d i e s  in m a c h i n e  learning

u s i n g  the ga m e  of checkers* IBM J. R e s e a r c h  and

D e v e l o p m e n t  3:210-229.

Self. J. A.* 1974, S t u d e n t  m o d e l s  in c o m p u t e r - a i d e d

instruction* International Journal of M a n - M a c h i n e  S t u d i e s  

6:261-276.

B-ll

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S

77.

78.

79.

80.

81.

82.

83.

84.

Short l i f f e .  E. H. . 1975* C o m p u t e r - b a s e d  medical

c o n s u l t a t i o n s :  MYCIN. New York. A m e r i c a n  Elsevier.

Simon. H. A.. 1969. S c i e n c e s  of t he a r tificial.

C ambridge. Mass.. M IT Press.

Smith. D. H . . and Carhart. R. E . . 1976. A p p l i c a t i o n s  of 

a r t i f i c i a l  i n t e l l i g e n c e  for chemical i n f e r e n c e  XXIV. 

St u c t u r a l  isomerism of mono- and s e s q u i t e r p e n o i d  s k e l e t o n  

1.2-. T e t r a h e d r o n  32:2513.

Stevens. A. L . . a nd Collins. A.. 1978. M u l t i p l e

c o n c e p t u a l  m o d e l s  of a c o m p l e x  system. B BN Rep. No.

3923. Bolt Bera n e k  a nd Newman. Inc.. Cambridge. Mass.

Stevens. A. L . . Collins. A . . a n d  Goldin. S.. 1978.

D i a g n o s i n g  s t u d e n t ’s m i s c o n c e p t i o n s  in causal models. BBN 

Rep. No. 3786. Bolt Beranek and Newman. Inc.. 

Cambridge. Mass.

Vroora. V. H . . 1964. Work and motivation. John w i l e y  and 

Sons. Inc., New York. NY.

Vygotsky. Lem Semenovich. 1962. T h o u g h t  a nd Language. The 

M.I.T. Press, Cambridge. MA.

Weizenbaum. J . . 1966, ELIZA, A c o m p u t e r  p r o g r a m  for the

s t u d y  of natural l a nguage c o m m u n i c a t i o n  b e t w e e n  m an and 

machine. CACM 9:36-45.

B-12

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

R E F E R E N C E S

85. Weizenbaum. J.» 1976. C omputer power and h u m a n  reason. W. 

H. Freeman. San Francisco. CA.

86. Wilson. D. A.. 1978. On the p e d a g o g y  of financial

accenting. The Accoun t i n g  Review. 396-401.

87. Winston. P. H . . 1977.. Artificial intelligence. Reading.

Mass.. Addison Wesley.

88. Winston. P. H . . and Horn. B. K. P.. 1981. LISP.

Reading. M a s s . . Addison Wesley.

B - 13

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .


