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INTRODUCTION AND EJCKGROUND OF PROBLEM 

During t h e  p a s t  few y e a r s  we have seen an eve r - inc reas ing  number 

of books and a r t i c l e s  repor",ng s t u d i e s ' i n  which a d i g i t a l  computer 

has been used t o  c o n t r o l  p a r t  or all of the  s e l e c t i o n ,  sequencing and 

e v a l u a t j  09 of  instruct , ional  m s t e r i a l s  or l essons ,  and t h e  s t u d e n t s  ' 

inter ,c ; ions wi th  t h e s e  l e s s o n s .  I n  general ,  t h e  term computer- 

a ; s i s t e d - i n s t r u c t i o n  (CAI) has gained widespread acceptance a s  a 

l a b e l  Lo r e f e r  t o  an i n s t r u c t i o n a l  procedure which u t i l i z e s  a computer 

i n  t h i s  capac i ty .  

' No a t t empt  w i l l  be made here t o  review a l l  of t h e  above-mentioned 

l i t e r a t u r e  on C A I ,  f o r  it ranges widely i n  terms of' s p e c i f i c i t y  of 

c u r r l c u l u n  m a t e r i a l s  used, educat ional  development of s tudcn t  s invol-ved, 

and i n  t h e  scope of  t h e  i n s t r u c t i o n a l  and learnLng processes  s tud ied .  

The i n t e r e s t e d  r eade r  may obtain some sense of t h e  d i v e r s i t y  and e x t e n t  

of  t h i s  work through p e r u s a l  of some of t h e  fol lowing p u b l i c a t i o n s  : 

Coulson, 1962; Glaser ,  1965; Atkinson and Hansen, 1966; Suppes, H y m n ,  

a n d  Jerman, 1966; Suppes, 1964; Suppes, 1967. 

While much of t h e  work c i t e d  above nas cons i s t ed  of sho r t - t e rm 

i .c- l a b o r a t o r y  s t u d i e s ,  nsny u n i v e r s i t i e s  a r e  p r e s e n t l y  co~nfliitted t o  t h e  

s~ttudy of CAI on a 1.ong-tern basis and i n  t h e  context  of a more n o r m 1  

classrcrorn s i t , u . t i o n .  Among these one f i n d s  the U n i v e r s i t i e s  of I l . l i n o i  s ,  

Texas, Pennsyl-mnia S t a t e ,  F lo r ida  S t a t e ,  C a l i f o r n i a  a t  Santa k r b a ? a  

and  i rv i r ie ,  and S t a r f o r d .  

, 
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CHAPTER I 

INTRODUCTION AND BACKGROUND OF PROBLEM 

During t h e  p a s t  few years  we have seen a n  eve r - inc reas ing  number 

of books and a r t i c l e s  r e p o r t i n g  s t u d i e s  i n  which a d i g i t a l  computer 

has been used t o  c o n t r o l  p a r t  o r  a l l  of t h e  s e l e c t i o n ,  sequencing and 

eva lua t ion  of i n s t r u c t i o n a l  ma te r i a l s  o r  l e s sons ,  and t h e  s t u d e n t s !  

i n t e r a c t i o n s  with t h e s e  l e s sons .  I n  general ,  t h e  term computer- 

a ~ s l s t e d - i n s t r u c t i o n  ( C A I )  has gained widespread acceptance as a 

l a b e l  t o  refer t o  an i n s t r u c t i o n a l  procedure which u t i l i z e s  a computer 

i n  t h i s  capac i ty .  

No at tempt  w i l l  be made here t o  review a l l  of t h e  above-mentioned 

l i t e r a t u r e  on CAI ,  f o r  it ranges widely i n  terms of s p e c i f i c i t y  of 

curriculum materials used, educat ional  development of s tuden t s  involved, 

and i n  t h e  scope of  t h e  i n s t r u c t i o n a l  and l e a r n i n g  processes  s tud ied .  

The i n t e r e s t e d  reader  may obtain some sense of t h e  d i v e r s i t y  and e x t e n t  

of  t h i s  work through pe rusa l  of some of t h e  fol lowing pub l i ca t ions :  

Coulson, 1962; Glaser, 1965; Atkinson and Hansen, 1966; Suppes, Hyman, 

and Jerman, 1966; Suppes, 1964; Suppes, 1967. 

While much of t h e  work c i t e d  above has cons i s t ed  of short- term 

l a b o r a t o r y  s t u d i e s ,  many u n i v e r s i t i e s  are p r e s e n t l y  committed t o  t h e  

s tudy  of C A I  on a long-term b a s i s  and i n  t h e  context  of a more normal 

classroom s i t u a t i o n .  Among these  one f i n d s  t h e  U n i v e r s i t i e s  of I l l i n o i s ,  

Texas, Pennsylvania S t a t e ,  F lo r ida  S t a t e ,  C a l i f o r n i a  a t  Santa Barbara 

and I r v i n e ,  and Stanford.  

1 



A t  the l a t t e r  school ,  the  I n s t i t u t e  for  Mathematical S tud ie s  i n  

the  Social  Sciences (ImSS) has been developing over t he  l a s t  four  

yea r s  a working CAI system f o r  r egu la r  classroom usage. 

ment has used two d i s t i n c t  approaches, which Suppes (1966) r e f e r s  t o  

as " t u t o r i a l  systems'' and ' ' d r i l l  and p r a c t i c e  systems . ' I  

This develop- 

The t u t o r i a l  approach t o  CAI uses  the  computer i n  the  capac i ty  

of " teacher"  t o  present  new m a t e r i a l s  a s  w e l l  as  t o  c o n t r o l  subsequent 

stqudent i n t e rac t ionu  wi th  them. 

made t o  teach reading and mathematdcs t o  primary-grade ch i ldren  i n  a 

school  i n  East, Palo Al to .  The computer and e labora t e  terminal  equip- 

ment being used were developed e s p e c i a l l y  f o r  t h i s  purpose by IBM and 

a r e  loca ted  i n  a sepa ra t e ,  new bui ld ing  on the  school  grounds. 

complete desc r lp t ion  of t h i s  p roJec t  may be found i n  s e v e r a l  publ ica-  

t i o n s  ( e  . g o ,  Atkinson and Hansen, 1966; Wilson and Atkinson, 1967). 

important d i s t i n c t i o n  is t h a t  a "tutorial" CAI system i s  designed t o  

approximate o r  simulate the  t e a c h e r ' s  normal r o l e  and the re fo re  t o  

assume a gr lnc ipu l  ro l e  i n  t h e  fns t , rue t iona l  process f o r  p a r t  of each 

Eiehoob day, 

I n  t h l s  capac i ty  an at tempt  is being 

A more 

The 

In c o n t ~ u ~ t ~  d r i l l  and prac t i ce  ayetema !are intended t o  aumlsment 

the inatruetien which OezIurl %a the cbai9iWxml. They are deoigned t o  

i m p ~ 0 ~ e - - 6 k r 0 ~ g k  p r ~ $ i c e - = % k e  e k i i i ~  

by the ebaiiroorn teacher, A t  %he ~ r n e  t h e a  t h i ~  mere hlmi tad  objective 

makee i t  p e ~ ~ i b h e  tIe uie ~ i m p h r ~  ~ H E I  exgen~fve equipment. 

eenoept~ which are introduced 

Beginning f n  the fail l  eP 1965, €!AI d r i l l  and p ~ w t d e s  gregraB 

were %nifliatled in two di f fe ren t ,  gieh~elg ,  

Eltanfeyd w w  hooked up $7 t 4 ~ ~ q h n e  ~ i n e ~  $0 oentrel tebty=gael %oeated 

E! 

fn both e a m a  a a~mput~er at; 



i n  the schools .  I n  one school ,  fou r th ,  f i f t h  and s i x t h  grade s tudents  

received d a i l y  d r i l l s  i n  a r i thmet ic  (Suppes, Jerman, and Groen, 1965) 

A t  the  o the r  school ,  s i x t h  grade ch i ldren  were given d a i l y  d r i l l s  i n  

s p e l l i n g .  S t a r t i n g  i n  the f a l l  of 1966 t h i s  opera t ion  was expanded, 

and c u r r e n t l y  computer-controlled d r i l l s  a r e  being given t o  approxi- 

mately 800 s tuden t s  i n  s i x  schools i n  f i v e  d i f f e r e n t  l o c a l  communities, 

I n  add i t ion ,  an elementary school i n  a remote a rea  of Kentucky has  

been l inked t o  the  system, and 60 ch i ld ren  the re  a re  rece iv ing  d a i l y  

d r i l l s  i n  a r i t hme t i c .  This study made use of t he  equipment and s t u -  

dents  i n  the  school  which has been involved i n  d r i l l  and p r a c t i c e  i n  

s p e l l i n g  . 
A General S t r a t egy  f o r  Research on D r i l l  and P r a c t i c e  i n  Spe l l ing .  

It should be emphasized t h a t  the r e sea rch  t o  be repor ted  here  i s  a 

smal l  p a r t  of a t o t a l  on-going i n v e s t i g a t i o n  of the  p o t e n t i a l  use and 

value of C A I  d r i l l  and p r a c t i c e  systems. 

o u t l i n e  b r i e f l y  the  gene ra l  plan which has  been developed t o  explore 

some of the  problems i n  s p e l l i n g .  The s t r a t e g y ,  a s  i t ,  has  evolved, i s  

b u i l t  on the  fol lowing cons idera t ions .  

(1) 

s p e l l i n g  do n o t ,  f o r  t he  most p a r t ,  provide e a s i l y  i n t e r p r e t a b l e  informa- 

t i o n  which may be d i r e c t l y  appl ied t o  the  d r i l l  and p r a c t i c e  rou t ines  

i n  s p e l l i n g  on C A I .  

s t u d i e s  which have been done on the  e f f e c t s  of massed vs .  d i s t r i b u t e d  

p r a c t i c e  on v e r b a l  l ea rn ing ,  i t  i s  exceedingly d i f f i c u l t  t o  decide j u s t  

which of these  f ind ings  a re  appl icable  when i t  comes t o  cons t ruc t ing  

opt imal  d r i l l  rou t ines  f o r  spe l l i ng .  Rather ,  t h e  p r i n c i p a l  value of 

3 

Hence, i t  would seem wise t o  

Relevant experimental  s tud ie s  i n  the  a rea  of v e r b a l  l ea rn ing  and 

For example, given the  l i t e r a l l y  hundreds of 



t he  p r i o r  research l i e s  i n  suggest ing rout,ines which may then  be t e s t e d  

i n  t h i s  new, app l i ed  s i t u a t i o n ,  

( 2 )  Relevant varia 'bles a f f e c t i n g  t h e  r a t e  of l e a r n i n g  i n  d r i l l s - - o n c e  

iden t i f i ed - - shou ld  'be explored i.n a systematic  manner through a s e r i e s  

of  r e l a t e d ,  short-Term s t u d i e s  a 

( 3 )  

and experTmentaLion, tns first v a r i a b l e s  t o  be  fnves t iga t zd  w i l l  be: 

Because of t h e i r  importar.ce as suggested by e a r l i e r  p i l o t  s t u d i e s  

( a )  massed and d--s t r ibuted prac: i c c  on i tems; (h) s e s s i o n  l e n g t h  

as i t  a f f e c t s  l ea rn fng ;  (t) vari .ation i n  method and p o r t i o n  of  stfm- 

u lus  p re sen ted ;  

( 4 )  

( d )  o r e r l t ' a m i n g  and 1:s e f f e c t  on reyention of  words. 

The program of* r e sea r -n ,  while d i r e c t e d  toward t.hp e x p l o r a t i o n  

o f  t h e  abcve-meniiowd parameters ,  sha l l  remain f l e x i b l e  and f r e e  t o  

move i r ;  r,ew clirec-ions ;I intermedjate  f ind ings  so  i n d i c a t e .  

The ITse of D r i l l s  in Teaching S p e l l i n g  and TheIr Poss ib le  Re la t ion -  -- 

s h i p  t o  the S p e l l i n g  Process.  Even though t h e r e  has been a l a r g e  -__-- .__---- 

amount of  research on s p e l l i n g  and methods o f  t each ing  it., ( s e e  Horn, 

1960, f o r  a comyrehensive r e z e w  ard bibl iography)  t h e r e  appears t o  

have been l l+,+ie  sys t ema t i c  W O ~ K  don- cn the r o l e  of  d r i l l s  and memory 

processes  i n  speili=?g. T h i s  de f i c i ency  aeens p a r t i c u l a r l y  unusual 

when one examines $kat r e sea rch  which has i n v e s t i g a t e d  t h e  e f f i c a c y  

of  teaching " r u l e s "  o r  "phonics" techniques f o r  gene ra t ing  t h e  s p e l l i n g  

of a word < e . g . ,  S a r t o r i u s ,  1931; Gates ,  1935; Ekltramo, 1954; 

Hahn, 1964) These investLgators  r e p o r t  varying degrees o f  success  

f o r  t h e i r  technigkes o f  teaching s t u d e n t s  t h e  phonemic-graphemic regu- 

l a r f t i e s  I n  Engliak:  s p e l l i n g .  They a l l ,  however, would seem t o  agree 
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A recent study relating to this topic is reported by Hanna, Hanna, 

Hodges and Rudorf (1966). attempted to write 

an algorithm for a computer program which would generate the correct 

spelling of a word from the coded phonemes making up t.he word. Their 

algorithm to specify the phonemic-to-graphemic correspondences in 

English spelling is three pages in length, is dependent on the precise 

dictionary pronunciation of the phonemes, and results in the correct 

spelling of a word for only fifty percent of the items attempted. 

Hanna and his associates 

This comment is in no way intended as a criticism of their work; 

nor is there any implication that knowledge of the spelling regularities 

specified in their algorithm would not be extremely useful to the 

individual speller. What seems apparent, however, is that there are 

a large number of frequently-used words in our language whose spelling 

must, in part at least, be memorized in a rote fashion. 

Certainly, any controvery over the appropriate method to teach 

spelling would be greatly reduced if we had more precise information 

concerning the spelling process itself. However, very little is 

written, and even less seems to be known, about the cognitive processes 

which are involved in spelling a word. The Hanna study is one of 

the few places one may find an explicit. hypothesis concerning the 

characteristics of some of these processes. They propose that learning 

to spell is primarily a cognitive process, and like most learning can 

be thought of as the building up of strategies or “programstt for organ- 

izing and processing information. The good speller then is one who 

somehow has constructed an efficient and accurate cognitive program 

for encoding oral speech patterns into their proper graphemic 

5 



representations. They further recommend that these encoding strategies 

are best taught inductively, allowing the child to discover for himself 

that basic structural properties underlie the spellings of many words. 

Such information processing theories of learning and behavior 

are currently quite popular and will perhaps someday prodwe important 

knowledge and understanding, It should, however, be made clear that 

from a "programning" point of view--t,o continue the analogy--one faces 

somet,hlng of a dilemma in constructsing a good speller. An experienced 

computer programmer knows that it is often more efficient,, and sometimes 

necessary, i n  coming up with the correct solution to a question, to 

use the machine's memory flles rather than some general algorithm 

to obtain needed information IQ this case, where the algorithm 

produces only fifty percent correct responses, it would seem absolutely 

essential 

It, should be noted here that the Hanna study does not contend 

that their particular algorithm in any way resembles the actual cogni- 

tive strategies which an individual uses in spelling a word. Indeed, 

they would perhaps arglie that the competent speller had developed a 

"program" which was much more complex and accurate than theirs, 

following conceptualization of the spelling process represents an 

attempt to extend the information processing notion, but at the same 

time to place greater emphasis on the function of the memory capacity 

of the individual. 

The 

The spelling process could perhaps be thought of as depending on 

two parallel, interrelated memory processes or strategies for retrieval 

of information stored in long-term memory. It is conject,ured that the 

6 
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individual, when called upon to spell a word, will first of all search 

his long-term memory store and attempt to find some sort of complete 

representation of that word. For the mature, competent speller this 

search seems to be exceedingly rapid and results in the almost instan- 

taneous production of the correct orthography. The processing time 

required for the good speller to generate most frequently-used words 

would seem to preclude the possibility that he uses a strategy dependent 

on internalized rules or algorithms for matching appropriate grapheme 

to phoneme. 

Rather, the second strategy would seem 50 be called into use mainly 

when the word is unfamiliar and infrequently used, or when its excessive 

length for some reason does not permit it to be stored as a single 

unit. Often when this strategy is apparently being used to spell a 

word, the individual will, as he proceeds serially through the word, 

continue to search through his memory for a match between his spelling 

and his long-term store of graphemic representations of words and sounds, 

In addition, it would appear likely that during the learning 

phase of this spelling process, both of these retrieval strategies 

should be developed concurrently if we wish to maximize efficiency and 

accuracy., Since the first strategy is dependent on the size and accessi- 

bility of the individual's well-Learned word store, an instructional 

system which focused exclusively on teaching rules and phonemic-graphemic 

regularities would seem to be inadequate. We must also attempt to 

strengthen and increase the individual's store of frequently-used words 

and their associated spelling. Hopefully, a drill and practice routine 

using a CAI system provides an efficient method of accomplishing this 

objective. 7 



While it is a matter of conjecture how the associations between 

words and their correct spellings are established, it seems plausible 

to think of them as being learned in a manner similar to that in which 

a paired-associate item is acquired, If such an assumption is reason- 

able, and the learning of the correct spelling of a word does in 

some way resemble the learning of a paired-associate item, several 

potential research questions are immediately apparent. One of the 

more interesting was suggested in a recent article by Greeno (1964) 

which reported a paired-associate experiment that perhaps had implica- 

tions for spelling. 

Greeno compared two practice conditions in which the repetitions 

of some items were distributed in the normal sequence and others 

were repeated on successive trials. He found evidence indicating that 

little or no learning occurred on the second trial when an item was 

repreated immediately or very soon after a previous presentation. 

addition, he found that the distributed condition produced more 

learning than the massed condition, and argued that this result pro- 

vided evidence for a discrimination theory of paired-associate learning 

as opposed to a reinforcement or cont.iguity theory, 

In 

One could contend that learning to spell a word involves a 

similar discrimination procees. For example, auppose a child is called 

on to spell the world "BOAT." Assume also that the child has had 

sufficient experience with the language and spelling so that the response 

he generates is not simply a random series of letters. If he is not, 

sure of the word, he is likely to consider a number of possible 

spellings--for example, BOT, BOTE:, and BOAT. Now in order to spell 

8 
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the word correctly, he must learn to discriminate among several--and 

in this case, reasonable--alternatives. Eventually we would hope that 

he would eliminate the wrong alternatives and associate just the 

correct spelling with the spoken word. 

If this description does resemble the process that actually 

occurs in learning to spell a word, then we would expect that greater 

learning would occur when practice on unlearned words in a list is dis- 

tributed rather than massed. 

Directly relevant to this problem are two unpublished studies 

(Keller, 1966; Fishman, 1967) which were run using the same CAI system 

used in this experiment. In his study, Keller presented words under 

two conditions. Words in the first condition, if missed, were corrected 

and the next item presented. 

corrected immediately; rather, the student was informed that he was 

wrong and told to try again. It' after the second try he stillmis- 

spelled the word, he was given the correct spelling and told to copy 

it. 

students had on the second condition words, the probability of a 

correct response on these yas not significantly better than for those 

words which were not repeated. 

principal reasons for this unusual finding was that the words were 

too easy (overall probability of an error on the retention test was 

less than 104). Thus the potential effects of the extra practice 

on condition two words may have been obscured because most of the 

students could easily learn the words they did not know without the 

benefit of extra practice trials. 

Words in the second condition were not 

In spite of the greater time and number of practices which the 

It would seem likely that one of the 

9 



Fishman's study attempted to evaluate the results of presenting 

words in massed or distributed trials. Two groups of three words each 

were presented once every other day over a period of six days. 

learning trials on four other groups of words were massed so that all 

of the trials for that group occurred on the same day. She found that 

the probability of a correct response for the words in the massed 

conditions was higher than those distributed during the trial sessions, 

but that on two-week retention tests t,he words learned under distributed 

practice were remembered at a higher rate. 

The 

These studies indicate that we do not yet understand clearly the 

effects of varying our method of dealing with incorrect responses, or 

of the optimal routines for spacing practices on an item. 

experiment was designed to further explore both of these problems. 

The present 

Explicitly, both Greeno's and Keller's studies provide evidence 

suggesting that the immediate repetition of error items will produce 

minimal learning on the repeated presentations of an item. 

time, both Greeno's and Fishman's results indicate that distributed 

spacing of practice trials on error items would be superior. 

study it was decided to investigate the issue by presenting words 

under three conditions. When a word was misspelled, it was either 

(1) not repeated during that session, (2) repeated immediately, or 

(3) repeated after four other items had been presented. 

findings are applicable in this situation, then we might expect the 

first two conditions to produce approximately equal learning, i.e., 

immediate repetition of an item would not greatly increase learning 

for that item. On the other hand, the spaced practice on items in 

At the same 

In this 

If Greeno's 

10 
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the third condition should be consistently superior in affecting rate 

of learning. 

Individual Confidence in Spelling. Implicit in the earlier dis- 

cussion on the possible nature of the spelling process is the notion 

that as the maturing speller is augmenting his store of quickly- 

retrievable words and acquiring strategies for generating the regularly- 

spelled words, he must at the same time develop a third necessary skill. 

No matter what combination of processes he may use to generate the 

spelling of a word, he must make decisions as he progresses in his 

response as to the correctness of a particular spelling. Presumably 

upon completion of his response, if not before, he must decide whether 

or not his spelling can be matched with whatever internal representation 

he may have of the word. In most cases the experienced speller will 

be able to generate a response which in some way approximates the 

correct spelling, but he may or may not fail when he tries to make an 

accurate assessment of the adequacy of his answer. 

The reasons for such a failure are difficult to specify exactly. 

For example, a person might decide that his response is correct because 

he has an inaccurate representation of the word in his long-term 

memory. Or he may have generated the spelling by using inappropriate 

strategies dependent on phonemic-graphemic regularities. Most important, 

the decision process itself at the juncture when one decides on the 

correctness of the response may be inadequate for several reasons. 

For example, an individual may base his decision on something 

other than a systematic attempt to match his response with a correct 

representation in his memory. He might, for instance, base his decision 

11 
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on a genera l ized  se l f -pe rcep t ion  t h a t  he i s  a "good'' o r  "bad" s p e l l e r .  

He could a l s o  be inf luenced by the  immediate--and perhaps i r r e l e v a n t - -  

context  i n  which he i s  asked t o  respond. 

t o l d  he had misspe l led  t h r e e  words i n  a row, he would perhaps d i s p l a y  

a tendency t o  decide t h a t  h i s  next s p e l l i n g  a l s o  was wrong, 

Thus, i f  he had j u s t  been 

I n  s p i t e  of these  and r e l a t e d  problems, i t  was decided t h a t  t h i s  

dec i s ion  process was such an important component of s p e l l i n g  behavior 

t h a t  i t  would be i n t e r e c t i n g  t o  ob ta in  a messure of t he  s t u d e n t ' s  

confidence i n  the  co r rec tness  of h i s  p a r t i c u l a r  s p e l l i n g  of a word, 

Such a measure, i t  was hoped, would provlde p a r t i a l  answers t o  the  

fol lowing quest ions:  (1) How accura te  a r e  elementary school  ch i ld ren  

a t  a s ses s ing  the  co r rec tness  of t h e i r  s p e l l i n g ?  

capable of d i sc r imina t ing  s u b j e c t i v e  impressions of t h e i r  accuracy i n t o  

s e v e r a l  ca t egor i e s?  

and ( 2 )  Are they 

While a number of s t u d i e s  involv ing  col lege-age student,s ( e  .g -, Bern- 

Lach, 1966; Atkinson and S h i f f r i n ,  1967) have r epor t ed  ob ta in ing  a 

measure of a pe r son ' s  confidence i n  h i s  response ,  we a r e  no t  aware of 

any research  using t h i s  dependent v a r i a b l e  wi th  elementary school  

ch i ld ren  . 
Summary of Purposes of the  Study,  To summarize b r i e f l y ,  t he  

p r i n c i p a l  purposes of t he  s tudy  were twofold.  F i r s t  of a l l ,  we wished 

t o  examine the e f f e c t s  of varying the  numberandspacing of r e p e t i t i o n s  

on e r r o r  items t o  see how these  f a c t o r s  would i n f l u e n c e  t h e  r a t e  of 

l ea rn ing  of new s p e l l i n g  words i n  a d r i l l  c o n t e x t .  

were presented under one of th ree  cond i t ions :  

e r r o r  items during a s e s s i o n ;  (2 )  immediate r e p e t i t i o n  of e r r o r  i t ems;  

12 
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(3) 

sen ted .  

confidence i n  the  cor rec tness  of h i s  p a r t i c u l a r  s p e l l i n g  of a word was 

r e l i a b l y  r e l a t e d  t o  h i s  performance i n  s p e l l i n g  t h a t  word. 

r e p e t i t i o n  of e r r o r  i tems a f t e r  f o u r  o the r  words had been pre-  

Our second major purpose was t o  t e s t  whether or not  a s t u d e n t ' s  

Our o v e r a l l  gene ra l  purpose was t o  cont inue the  long-term i n v e s t i -  

g a t i o n  of t he  f e a s i b i l i t y  of using a CAI  system of d r i l l  and p r a c t i c e  

a s  both a pedagogical  and research  t o o l .  For example, s p e c i f i c  problems 

r e l a t i n g  t o  programming, computer hardware, and d a t a  c o l l e c t i o n  and 

s to rage  a r e  not  f u l l y  reso lved  S i m i l a r l y ,  quest ions concerni.ng 

coord ina t ion  of e f f o r t  between the u n i v e r s i t y  r e sea rch  team and the  

pub l i c  school  s t a f f  a r e  cons tan t ly  a r i s i n g .  S tud ie s  such a s  t ,h i s  

w i l l  hopefu l ly  con t r ibu te  valuable  information leading  t o  t'he eventua l  

s o l u t i o n  of many of these  i s s u e s .  



CHAPTER I1 

DESIGN AND EXPERLMF;NTAL PROCEDURE 

Subjects. The subjects used in this study were the children in 

two sixth grade classes in an elementary school in East Palo Alto. 

Originally sixty studetlt s began the experiment , but, due t o  transfers to 

other SchoGlsl absenteeism, arid related problems, only forty-two chil- 

dren completed their Lists and the subsequent retention tests., 

The school which the subjects attend is located in a "culturally 

disadvantaged" area, and the vast majorit,y of the students are non- 

Caucasiarl, As measured on the Lorge-Thorndike Intelligence Test, the 

mean I.&. for those subjects who completed t k  experiment was 85; the 

range of scores was from 60 to 101, with only two subjects scoring 

above 100- It, shoLild be noted that this is a group-administered test 

which is largely verbal in nature, and whtcP almost certainly under- 

estimates the real ability of the studegLs, 

In reading achievement, the students also appear to be below 

average, Using the Stanford Achievement Test,s for intermediate grades, 

the mean reading achievement, score for the group was just over the 

minimum 4th grade level, which would place them approximately two 

years below their actual sixth grade placement and well into the 

bottom quartfle of the national averages. 

A question may legitimately be raised as to why such an atypical 

sample of elementary school children was chosen for the study. First 

of all, it was felt that in pdrt the students' below-average achievement 

14 

i 



. -  

in school reflected the 

arts skills which could perhaps be improved through the kind of drills 

which CAI can provide. Secondly, it was hypothesized that the unique- 

ness and newness of a CAI system may be particularly motivating fo r  a 

group of students who are typically less interested in school achieve- 

ment than their middle-class counterparts. 

cumulative effects of a lack of basic language- 

Equipment. The computer used in this experiment is a modified 

Digital Equipment Corporation PDP-1, with a variety of input and output 

devices. Essentially, this machine is a high speed digital computer 

which has been programmed to service a maximum of 28 user programs 

simultaneously on a real-time sharing basis. The time-sharing capa- 

bility is made possible through the use of a high speed memory drum 

which reads user programs in and out of the computer's core memory 

at a rapid rate. 

The audio system which was used is made up of a small Westing- 

house P-50 computer which controls twelve tape drives. This smaller 

computer is linked directly to the PDP-1 and is controlled by programs 

running on the latter. Each of the tape drives can randomly access 

any desired segment. of a continuous loop of magnetic tape in well 

under two seconds. These tape loops are 24 inches in circumference, 

six inches wide, and contain 128 separate tracks. On each track eight 

one-second segments may be recorded and accessed. Both the PDP-1 and 

the audio system were connected directly by telephone lines to the 

terminal equipment at the school. 

The terminal equipment was set up in a converted storeroom located 

a short distance from the two classrooms. In the storeroom were 



l oca t ed  four s tudent  s t ak ions ,  each conta in ing  a s tandard Model-33 

Teletype and a s e t  of earphones.  

audio o u t l e t  so t h a t  a l l  audio messages could be monitored without  d i s -  

t u rb ing  the s tLdents  a s  they proceeded through a l e s s o n ,  

d i s t r a c t i o n s  and noise  from o the r  t e l e t y p e s ,  these  s t a t i o n s  were 

separa ted  from each o the r  by fou r - foo t  h igh  room-dividers.  

A l l  four  te rmina ls  were controll.ed by a s i n g l e  program on the  

Each s t a t i o n  a l s o  contained an e x t r a  

To minimize 

PDP-1; each s tudent  was serv iced  sequen t i a l ly  i n  a round-robin c y c l e ,  

Due t o  the  Zxtremely r a p i d  speed of the  computer, t he  student, rece ived  

the  impression t h a t  he was g e t t i n g  ‘ s fu l l - t~ ime”  s e r v i c e ,  a l though 

a c t u a l l y  The computer devoted only  a sma l l  f r a c t i o n  of i t s  running 

t h e  t o  any one i n d i v i d u a l .  

Prel iminary Training and O r i e n t a t i o n .  I n  o rde r  t o  provide a 

thorough in t roduc t ion  t o  the  experlmental  procedures and t o  accustom 

t h e  s tuden t s  t o  working on a t e l e t y p e ,  an ex tens ive  o r i e n t a t i o n  and 

t r a i n i n g  program was run during the  f a l l  of 1966. 

c o n t r o l l i n g  computer program and p a r t  of t he  t e rmina l  equipment had 

been added t o  the  sys+em i n  the  l a t e  summer, i t  proved t o  be an 

opportune time t o  c o r r e c t  some of the  t e c h n i c a l  and hardware problems 

which i n e v i t a b l y  a r i s e  i n  t h e  development of‘ new C A I  systtems. 

Also,  s ince  the  

A f t e r  meeting with the  whole c l a s s  and exp la in ing  i n  g e n e r a l  

terms t h e  procedure t o  be followed on the  s p e l l i n g  d r i l l s ,  t he  exper i -  

menter and h i s  a s s i s t a n t  demonstrated and expla ined  t h e  use of t he  

t e l e t y p e  and audio system t o  each s tuden t  i n d i v i d u a l l y  over  a two-week 

per iod  

16 
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During t h i s  in t roductory  phase a l l  s tuden t s  were run on the  same 

l i s t  of "easy" f o u r t h  grade words. 

time was i n  developing f a m i l i a r i t y  wi th  the  t e l e t y p e  keyboard and the  

o v e r a l l  adminis t ra t ive  procedures involved i n  leaving the classroom, 

checking i n t o  the te rmina l  room, ad jus t ing  the  earphones, e t c .  N o  

attempt was made t o  teach the  s tudents  t o  use s tandard typing tech-  

niques;  r a t h e r  they were i n s t r u c t e d  and aided i n  f ind ing  the l e t t e r s  

on the  keyboard and encouraged t o  be a s  aczljrate a s  poss ib l e  i n  t h e i r  

typing.  This l a t t e r  cons idera t ion  was e s p e c i a l l y  important s ince  the re  

was no way f o r  them t o  e rase  o r  co r rec t  a typing e r r o r ,  and the  com- 

pu te r  program which evaluated t h e i r  responses d i d  not  d i s t i n g u i s h  

between typing and o the r  spe l l i ng  e r r o r s .  

The p r i n c i p a l  emphasis a t  t h i s  

Af t e r  a l l  t h e  s tudents  had had an oppor tuni ty  t o  go through 

s e v e r a l  p r a c t i c e  sess ions  and were beginning t o  develop a reasonable 

f a c i l i t y  a t  f i n d i n g  and typing the l e t t e r s ,  t h e  idea  of using conf i -  

dence r a t i n g s  was introduced.  Again the  s tudents  were i n s t r u c t e d  

i n d i v i d u a l l y  and given p r a c t i c e  u n t i l  they seemed t o  understand the  

use and meaning of t he  var ious  r a t i n g s .  From the  time when the  

s tuden t s  were f i r s t  introduced t o  the  equipment up t o  t h i s  po in t  where 

they had learned t o  use confidence r a t i n g s ,  four  weeks had e lapsed .  

The o r i g i n a l  i n t e n t i o n  had been t o  begin the  formal  experiment 

a t  t he  conplet ion of the p rac t i ce  and t r a i n i n g  pe r iod .  However, a 

major hardware problem developed and the  computer system was completely 

inopera t ive  f o r  an extended per iod .  Rather than beginning the  exper i -  

ment and having i t  in t e r rup ted  a t  the mid-point by Christmas vaca t ion ,  

it was decided t o  use the  time remaining u n t i l  vaca t ion  t o  g ive  the  

17 



s t u d e n t s  f u r t h e r  p r a c t i c e  and work on word l i s t s  somewhat e a s i e r  than 

those  which they  would encounter i n  t h e  experiment. The o t h e r  pro- 

cedures used i n  these  p r a c t i c e  se s s ions  were i d e n t i c a l  t o  those i n  

t h e  experiment. 

Word Se lec t ion .  Ca re fu l  s tudy o f  t he  s t u d e n t s '  performance during 

t h e  e a r l y  p r a c t i c e  se s s lons ,  c o n s u l t a t i o n  w i t h  t h e i r  t e a c h e r s ,  and 

t h e i r  a b i l i t y  as exh ib i t ed  on achievement t e s t s  a l l  i n d i c a t e d  t h a t  our 

o r i g i n a l  i n t en t io r .  of  ilsing uniform l i s t s  of words f o r  a l l  s t u d e n t s  

was grossly inadequate and i m p r a c t i c a l  because o f  t h e  heterogenei ty  o f  

t he  c l a s s e s ,  

I n  deciding on t h e  word l i s t  t o  be used i n  t h e  experiment, f o u r  

c r i t e r i a  were used. 

occurrence and should be u s e f u l  i n  the  s t u d e n t s o  wr l t i ng .  

(1) Tke words should have high frequency of  

( 2 )  The 

words should be a p p r o p r i a t s l y  d i f f i c u l t  so t h a t  t h e  s tuden t  would 

m i s s  a minimum of' 508 of  t h e  words on h i s  f i r s t  at tempt  at. s p e l l i n g  

them. (3 )  On the  o t h e r  hand, +&e words should be easy  enough so that,  

by his f i f t h  t,ime t h n u g h  a list t h e  s tuden t  would s p e l l  a t  l e a s t  

10 ou t  of' 12 o f  t h e s e  words c o r r e c t l y .  ( 4 )  The list l e n g t h  should be 

such t h a t  a s tuden t  could complete an e n t i r e  d r i l l  ir, a ten-minute 

s e s s i o n  

To meet a l l  o f  t hese  c r i t e r i a ,  it i s  obvious t h a t  each s tuden t  

would have t o  use completely i n d i v i d u a l i z e d  l i s t s ,  s p e c i f i c a l l y  

t a i l o r e d  t o  h i s  a b i l i t y  and educa t iona l  achievement. While such 

i n d i v i d u a l i z a t i o n  o f  curriculum materials i s  perhaps an u l t i m a t e  a i m  

of C A I ,  as a more r e a l i s t i c  compromise it was decided t o  use  t h r e e  

major l e v e l s  of word d i f f ' i cu i t ,y ,  t o  c o n s t r u c t  l i s t s  twelve words i n  
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l eng th ,  and t o  attempt t o  p lace  each s tudent  on t h a t  l e v e l  which 

would maximize h i s  r a t e  of learn ing  dur ing  a ten-minute d r i l l  s e s s ion .  

Construct ion of Word L i s t s .  The problem of cons t ruc t ing  word 

l i s t s  t h a t  a r e  of s i m i l a r  d i f f i c u l t y  i s  complex. Many f a c t o r s - - t h e  

l eng th  of the  word, the  number of permiss ib le  v a r i a n t  s p e l l i n g s  for 

t he  phonemes i n  the  word, and the frequency of occur.rence o f t h e w o r d  

i n  English--probably a r e  important i n  determining s p e l l i n g  d i f f i c u l t y .  

Ind iv idua l s  w i l l  a l s o  d i f f e r  grea t , ly  i n  t h e i r  language experience and 

f a c i l i t y ,  so t h a t  a word which is easy for one s tudent  t o  s p e l l  might 

be impossibly hard f o r  another .  

Bearing a l l  of these  complications i n  mind, i t  was decided t o  use 

t h e  New-,Iowa Spe l l ing  S c a l e  (Greene, 1954) a s  the  source of an ob jec t ive  

measure of t he  d i f f i c u l t y  of a word. This s c a l e  i s  the  product of the 

t e s t i n g  of some 238,000 p u p i l s  throughout. t he  country i n  the  e a r l y  

1950's t o  determine what percentage of s tuden t s  a t  each grade l e v e l  

could s p e l l  a word c o r r e c t l y .  Using t h i s  measure, t he  words f o r  t he  

s tudy  were s e l e c t e d  i n  the  following manner. 

F i r s t  of a l l ,  t h r e e  gene ra l  pools  of words were formed by l i s t i n g  

a l p h a b e t i c a l l y  f o r  each of th ree  grade l eve l s - -b th ,  5 th  and 6 t h  grades-- 

a l l  of t he  words i n  the  New Iowa S p e l l i n g  Sca le  which weye spe l l ed  

c o r r e c t l y  by 40% t o  50% of the  s tuden t s  i n  each of these  grades .  

Then f o r  each grade l e v e l ,  s i x  l i s t s  of twelve words were formed by 

(1) randomly s e l e c t i n g  s i x  words a t  a time of equal  d i f f i c u l t y  from 

the  gene ra l  g rade- leve l  pool ,  and (2) randomly ass igning  each word t o  

one of t he  s i x  l i s t s .  Using t h i s  procedure,  t he  e ighteen  l i s t s  i n  

Appendix A were cons t ruc ted .  It should be noted t h a t  the  s i x  l i s t s  



on each grade l e v e l  a r e  equiva len t  i n  range of d i f f i c u l t y  and i n  the 

number of words represented  by any one percentage measure. 

Assignment of L i s t ,  Levels and Experimental  Condi t ions.  Upon com- 

p l e t i o n  of the cons t ruc t ion  of t he  l i s t s  a s  descr lbed above, the  60 

s tuden t s  were assigned too go through s i x  l i s t s  on - one of the  th ree  grade 

l e v e l s  A s tudent  ! s  assigrment, t o  a p a r t i c u l a r  l e v e l  was based on h i s  

performance i n  the  p r a c t i c e  se s s ions  and his a b i l i t y  a s  measured on 

the  achievement t e s t s .  Thz r r s t e r i a  for moving t o  d new list, with in  

a l e v e l  were t h a t  the  s tudent  e i t h z r  (1) spe l l ed  10 out  of l2 words 

c o r r e c t l y  on the  f i r s t  t r y  or1 t h a t  l tem on a p a r t i c u l a r  day, or (2)  had 

gone through the  same list, f o r  f i v e  days without meeting the  f irst  

c r i t e r i o n  

On a l l  grade l e v e l s  and word l i s t s ,  the  fol lowing d a i l y  p re sen ta t ion  

procedures were used. 

four  words were assigned t o  one of t h ree  condi t ions :  

1. No Repet i t ion  (RO) Words i n  t h i s  condi t ion  were not  

For a p a r t i c u l a r  s tudent  and twelve- i tem l i s t ,  

repeat,e3 dur ing  the se s s ion ,  regard-  

l e s s  OP the  co r rec tness  of t he  s u b j e c t ' s  

response 

2 .  Immediate Repe t i t i on  ( R l )  Words i n  t h i s  cond i t ion  which were 

misspe l led  were repea ted  immediately. 

3. Spaced Repet i t ion  ( R 4 )  Words i n  t h i s  cond i t ion  which were m i s -  

spe l l ed  were repea ted  a f t e r  t he  presen-  

t a t i o n  of f o u r  in t e rven ing  i tems .  

Words were never presented more than twice i n  a s e s s i o n ,  so t h a t  if a 

sub jec t  missed a l l  of the words i n  €31 and R 4 ,  he would have a maximum 
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o f  20 p resen ta t ions  f o r  t h a t  session--eight  of  which would be r e p e t i -  

t i o n s  o f  e r r o r  items. 

Words, condi t ions and sub jec t s  were balanced so t h a t  any p a r t i c u l a r  

word was always given under RO t o  one-third o f  t h e  s u b j e c t s ,  R 1  f o r  

t h e  second t h i r d ,  and under R 4  f o r  t h e  remainder of  t h e  s u b j e c t s .  

summarizes the  gene ra l  experimental ccnd i t ions  for a l l  l i s t s  on a l l  

grade l e v e l s .  On t h e i r  appropriate  grade l e v e l ,  s u b j e c t s  and words 

were randomly assigned wi th in  t h i s  p a t t e r n .  Since each s tudent  who 

completed t h e  experiment went through s ix  l i s t s ,  t h e  t o t a l  t i m e  for 

t h e  experiment f o r  a p a r t i c u l a r  s tudent  w a s  a maximum of 30 school 

days. 

l ea rned  t h e  l i s t ,  but it w a s  seldom l e s s  t han  20 school  days. 

Table 1 

The minimum time, o f  course, depended on how fast  t h e  s tuden t  

Daily Operation During Experiment. A f u l l - t i m e  monitor was on 

duty whenever the  c h i l d r e n  were using t h e  t e l e t y p e s .  

was p r i m a r i l y  a precaut ionary measure so t h a t  an a d u l t  was a v a i l a b l e  

i n  case o f  an equipment f a i l u r e  or o t h e r  emergency. 

p r e s e n t a t i o n  and eva lua t ion  o f  the d r i l l ,  and t h e  sign-out were a l l  

handled by t h e  C A I  system and occurred as follows. 

Her presence 

The a c t u a l  check-in, 

The s tuden t  en te red  the  reom, s a t  down a t  a free terminal ,  and 

p u t  on h i s  earphones. 

message, "Please type your number." After he typed h i s  i d e n t i f i c a t i o n  

number and depressed the  space bar--the l a t t e r  ope ra t ion  was used as 

a t e rmina t ion  s i g n a l  f o r  a l l  s tudent  responses--the computer t hen  

looked up t h i s  number i n  t h e  s tudent  h i s t o r y  s e c t i o n  of  t h e  program, 

determined what l i s t  t h e  s tudent  w a s  working on t h a t  day, randomly 

permuted t h e  o r d e r  o f  p re sen ta t ion  o f  t h e  i n d i v i d u a l  words on t h e  

On the  page-printer  on t h e  t e l e t y p e  he saw t h e  
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TABLE I 

General P a t t e r n  f o r  Assigning Condit,ions 

t o  Words and Sub jec t s  a t  Each Grade Level 

1 

I Word N o .  1 Group 1 I Group 2 I Group 3 I 
RO R 1  R4 

2 R1 R4 

3 R4 RO R1 

4 

5 

_. ~ 

RO R1 R4 

R. 1 R4 RO 
-..-- -_I e--.. 

6 

I I I I 
12 R4 RO 

R4 RO R1 
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7 

8 

J 
RO R1 R4 

R1 R4 RO 

9 

10 

11 

R4 RO R1 

RO Rl R4 

R1 R4 RO 



l i s t ,  and pos i t ioned  the  tape on the audio system. Next it s e n t  a 

command t o  the  t e l e t y p e  t o  p r i n t  the  s t u d e n t ' s  name, h i s  l i s t  number, 

and the  da t e  and time the sess ion  was beginning. 

A t  t h i s  po in t  the c h i l d  heard over the  earphones the  message, "If 

you hear  t he  audio,  p lease  type an ' a '  

time saw t h i s  same message pr in ted  on the page. If there  were something 

wrong with the  audio system, he would c a l l  the  monitor.  

he proceeded by following the spoken d i r e c t i o n s ,  i . e . ,  he t,y-ped an 

"a" and a space,  and the  lesson  began. 

and a space," and a t  t he  same 

Ord ina r i ly  

To s i g n a l  the  s tudent  t h a t  a word was aboLt t o  be presented ,  the  

machine typed a dash ( - ) .  

t he  word i n  a sentence,  and then repeated the word aga in .  A s  soon a s  

the  audio t r ack  was through playing,  the  machine typed the number of 

t h a t  p a r t i c u l a r  i tem ( 1 , 2 , 3 , e t c . ) .  This was the  s t u d e n t ' s  s i g n a l  t o  

begin h i s  response.  When he f in i shed  typing h i s  answer, he depressed 

the  space ba r .  The machine then waited f o r  him t o  type one of 

fou r  numerals (l,Z93, or  4) a s  an i n d i c a t i o n  of h i s  degree of confidence 

i n  h i s  answer. 

The audio system then presented a word, used 

Attached t o  each machine was a small  chart, reminding the  s tudent  

of the  meaning of each confidence r a t i n g .  The c h i l d  was t o l d  t o  type 

t h e  number which i d e n t i f i e d  the  phrase most c lose ly  corresponding t o  

h i s  f e e l i n g .  The phrases  were: 

(1) Pos i t ive  word i s  r i g h t  

(2)  

(3) 

(4) Pos i t i ve  word i s  wrong 

F a i r l y  sure  word i s  r i g h t  

F a i r l y  sure  word i s  wrong 
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Immediately a f t e r  r ece iv ing  t h i s  number the  computer evaluated 

the s t u d e n t ' s  response.  If the  s tudent  had responded c o r r e c t l y ,  t he  

t e l e t y p e  p r in t ed  out  a f t e r  t he  s t u d e n t ' s  s p e l l i n g  of t he  word the  

message, ' s - - C - - ' s 9  l e t t i c g  %he s tudent  know he was r i g h t .  I f  he was 

wrong, it. typed the  message, ' ' - -X--"3 followed by s e v e r a l  spaces and 

a correct,  s p e l l i n g  of t he  word, I f  f o r  some reason the  s tddent  had not  

completed h i s  response a f t e r  f o r t y  seconds,  t he  machine typed out  the  

message, ' '--Td--'I3 mcarirlg time i3 up. 

message was followed by s e v e r a l  spaces. and the  c o r r e c t  s p e l l i n g  of t he  

word 

A s  on a wrong ar?swer t h i s  

Following a l l  i nco r rec t  o r  t imed-out  responses ,  the  s tuden t  was 

given s i x  seconds t o  s tudy the  c o r r e c t  answer before  the  next, i t em 

was presented ,  On c o r r e c t  responses  +,he s tudy  time was t h r e e  seconds.  

A f t e r  proceeding th roug t  a l l  of the  i tems on the  l i s t  i n  a s i m i l a r  

f a s h i o n ,  the s+,aderit. received a p r i n t e d  message "End4" followed by 

h i s  name, list, numher f o r  t he  next, s e s s ion ,  t he  da t e  and ending t ime,  

and the  nmber  o f  words he spe l l ed  c o r r e c t l y  on the  d a y ' s  l e s son .  

These d a i l y  d r i l l s  were c o l l e c t e d  by the  monitor ,  and a t  no time dur ing  

the  experiment, was the  student, giveE a copy of the  words t o  s tudy  on 

h i s  own. 

A flow c h a r t  s m a r i z i n g  the  p r e s e n t a t i o n  procedure may be found 

i n  F igure  1. 

Retent ion Tes ts .  Reten t ion  t e s t s  on a l l  words which an i n d i v i d u a l  

had gone through were gixren one week a f t e r  t he  e n t i r e  group had f i n i s h e d  

t h e i r  experiment,al runs. S i w e  i n d i v i d u a l s  v a r i e d  i n  the  number of 

runs they had needed t o  reach c r i f e r i o n ,  t h i s  meant. t h a t  t he  tkne 

from the  l a s t  run on a lis+, u n t i l  t he  r e t e n t i o n  testu a l so  v a r i e d ,  
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I n  t h e  case o f  t h e  f i r s t  l i s t  t h e  i n d i v i d u a l  had s tud ied  i n  the expe r i -  

ment, t h e  r e t e n t i o n  i n t e r v a l  was approximately s i x  weeks. 

l as t  l i s t  s tudied,  t h e  minimum i n t e r v a l  was one week; t h e  average 

r e t e n t i o n  i n t e r v a l  f o r  t h e  e n t i r e  group and a l l  l i s t s  was ju s t ,  over  

For t h e  

t h r e e  weeks 

Retention test,s were g-fven i n  t h e  same manner as the experimental  

runs,  w i t h  the except ion t h a t  e r r o r  i tems were not repeated.  

s tuden t s  were g i w n  Immzdiate feedback about the co r rec tn?ss  of  t h e i  r 

responses 

The 

Since t i m e  l i m i t a t i o n s  p roh ib i t ed  t e s t i n g  a s u b j e c t  on a l l  six 

l i s t s  on the same day, the ret ,ent ion t e s t s  were divided i n t o  two p a r t s .  

L i s t s  f o r  Weeks 1-3 were given on t.he f i rs t  day, and l i s t s  f o r  Weeks 4-6 

were presented on t he  succeeding day. 

t h a t  t h e s e  t e s t  s e s s ions  were somewhat longer  than  a normal p r a c t i c e  

se s s ion  may have a f f e c t e d  s tudent  performance adversely.  This problem 

w - i l l  be discussed l a t e r  i n  t h e  Resul ts  S e c t i o n . )  

(Rather  unexpectedly, t h e  f a c t  

Data Coliec+ioc.  For every s tudent  response the fol lowing informa- 

t i o n  w a s  t ransmit ted t o  t h e  c o n t r o l l i n g  computer progran; and s t o r e d  

on d i s k  memory: 

1. Subject  i d e n t i f i c a t i o n  number 

2 0  L i s t  number 

3. Run number ( i o e o ,  was t h i s  the f i r s t ,  second, or n t h  t ime t h e  

s tudent  had gone throilgh t h e  list?) 

4. Relat ive item number of  the word f o r  t h a t  s e s s i o n  ( i e e o ,  w a s  

word presented l s t ,  2nd, 3rd,  e t c . ? )  

5. I d e n t i f i c a t i c n  number f o r  t he  word 
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6. 

7. Number indicating whether this was the 1st or 2nd presentation of 

Experimental condition number under which the word was presented 

the word for that session 

8. 

9. Confidence rating 

10. Time in hundredths of a second from the end of the audio message 

Was the response correct, an error, or a time-out? 

to the first letter of the student response 

11. Time in hundredths of a second to the last letter of the stxdent's 

response 

12. Time from the completion of the response to the confidence rating 

With the exception of the latency information all of this data was 

also retrievable from the daily lesson print-outs at the school, One 

of the jobs of the monitor at the terminal site was t.0 keep a daily 

tally of the student performance; this information was then compared 

with the data stored by the computer and served as a valuable means 

for checking accuracy e 
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CHAPTER I11 

ANALYSIS OF EXPERIMENTAL RESULTS 

Problem of Incomplete Data. Analysis of the outcome of the experi- 

ment was made somewhat complicated by the following considerations: 

(1) Eighteen of the original sixty students who began the study did 

not go through all six lists as the original design had specified. 

(2) Because of the criteria used to advamne a student to a new list, 

the total number of runs for any one subject varied considerably from 

person to person, 

The first. problem of incomplete data may be handled in several 

ways. The common solution to this dilemma seems to be, in most edu- 

cational research, to use the data from only those subjects completing 

the entire experiment. From a purely statistical point of view this 

appears to be a satisfactory procedure, so long as one is very care- 

ful about subsequent generalizations to the larger population. 

In this experiment it was decided to examine the data in two 

First, the data from all the subjects--whether or not they phases. 

had completed all six lists--was summarized and plotted on graphs. 

This data from the entire original group did not differ substantively 

from that which was used in the more thorough, subsequent analyses 

for the smaller group of subjects who completed the entire experiment. 

Re-definition of Groups. Of the original 60 subjects, 21 Out Of 

23 students using the 6th grade words completed their lists; 15 Out of 

18 students on the 5th grade words finished the experiment; in the 
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group us ing  t h e  4 th  grade words, only 6 out of 19 s tuden t s  f i n i s h e d .  

This high a t t r i t i o n  r a t e  i n  t h e  l a t t e r  group w a s  due t o :  (1) t h r e e  

s tuden t s  t r a n s f e r r e d  t o  o the r  schools;  ( 2 )  f o u r  s tuden t s  had t o , b e  

dropped f o r  d i s c i p l i n a r y  reasons ( e . g . ,  r e f u s a l  t o  fol low d i r e c t i o n s ) ;  

and ( 3 )  high ra te  of absenteeism. 

Consequently, f o r  purposes of a n a l y s i s  t h e  remaining s u b j e c t s  

were regrouped i n t o  two groups, composed as fol lows:  

(1) 

( 2 )  

High Group - -  2 1  s u b j e c t s ,  a l l  of whom ran  on 6 t h  grade words; 

Low Group -- 2 1  s u b j e c t s ,  15 r an  on 5 t h  grade words; 6 used 

4 th  grade words. 

F i r s t  Analysis--Total  Errors t o  C r i t e r i o n  

The f irst  major a n a l y s i s  was based on t h e  t o t a l  number of e r r o r s  a 

s u b j e c t  made on a p a r t i c u l a r  l i s t  from Run 2 up t o  and including t h e  run 

on which he reached t h e  10 out of 12 c r i t e r i o n - - o r  had made f i v e  runs 

without reaching t h i s  c r i t e r i o n .  Table 2 i l l u s t r a t e s  t h e  b a s i s  f o r  

computing t h e  sco re  f o r  each condi t ion on each l i s t .  Errors on 

r epea t  items for a run are not included i n  t h e  scoring.  A s  can be 

seen,  a s t u d e n t ' s  s co re  f o r  a p a r t i c u l a r  cond i t ion  could range from 

0 errors t o  a maximum of 16 i f  he missed a l l  t h e  i t e m s  f o r  t h a t  

cond i t ion  on every run. 

A four-way a n a l y s i s  of var iance f o r  a mixed model with f i x e d  and 

random e f f e c t s  w a s  computed, using as t h e  major dimensions: 2 Groups 

(High and Low); 3 Conditions (RO, R 1 ,  R4); 

and 2 1  Ind iv idua l s  ( p e r  group) .  

6 Weeks (1st through 6 t h ) ;  

The dimension l abe led  Weeks i s  somewhat misleading, f o r  a l l  

i n d i v i d u a l s  d i d  not use s i x  weeks t o  go through t h e i r  l i s t s .  



TABLE 2 

Poss ib le  Number of E r ro r s  f o r  Each 

Co;ndit,ion and L i s t  on Runs 2 t o  5 

The inc lus ion  of t h i s  f a c t i o n  i n  the  a n a l y s i s  was prompted by in spec t ion  

of the  t o t a l  e r r o r  d a t a  ( see  Figure 3) The observable  gene ra l  decrease 

i n  e r r o r s  as  sub jec t s  went through t h e i r  l i s t s  suggested t h a t  a poss i -  

b l e  " learn ing- to- learn"  e f f e c t  was occbr r ing ,  

not  t h i s  could be the  case the Weeks dimension was inc luded ,  and 

r ep resen t s  t he  order  i n  which a sub jec t  proceeded through h i s  six 

l i s t s .  Since l i s t  order  was randomized, t h i s  decrease i n  e r r o r s  does 

not  represent  the l e v e l  of d i f f i c u i t y  f o r  a p a r t i c u l a r  l i s t  of words. 

To t e s t  whether o r  

The complete r e s u l t s  of t h i s  a n a l y s i s ,  i nc lud ing  the  i n t e r a c t i o n s ,  

a r e  presented i n  Table 3. 

f o r  the  three main e f f e c t s  (1 .e  ~, Groups, Condi t ions ,  and Weeks) is 

not  simply the  r e s i d u a l  mean square.  

the e r r o r  term was found by adding the  sum of squares  of I n d i v i d u a l s ,  

The e r r o r  term f o r  computing t h e  F - r a t i o s  

I n  t h e  case of the  Group e f f e c t ,  
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and the  Group by Tndividuaie i n t e r a c t i o n ,  and d iv id ing  by the  t o t a l  

degrees of freedom ( i o e e 9  40), For the  o the r  two main e f f e c t s ,  the  

e r r o r  term i s  the sum of the following i n t e r a c t i o n s :  (1) Groups by 

Conditions;  (2 )  Groups by Weeks; ( 3 )  Ind iv idua l s  by Groups by Conditions;  

(4) Indiv idua ls  b y  Groups by Weeks, ( 5 )  Ind iv idua l s  by Conditions by 

Weeks; and (6) Residual ;  +,his t o t a l  i s  then divided by the  sum of the  

degrees of freedom (1 . e ,  

cant  o r  par t icuLar ly  i r i t e res t fng  s ince  they -include v a r i a t i o n  due to 

expected individual d i f f e r e n c e s ,  I n  any case ,  t h l s  es t fmate  of the  

e r r o r  term is certaLqiy Zonservative i n  t h e  sense t h a t  i t  inc reases  

the  s i z e  of the  e r ro r  var iance,  and thus is - Leas l i k e l y  t o  produce a 

s i g n i f i c a n t  F-ratio fo r  the main e f f ecLs ,  

680) (I None of  these  interacCions a re  s i g n i f i -  

Group Dif fe rences ,  I__- 'The s i g n i f i c a n t  d i f f e rence  (F = 8.45,  

p < .Ol) found between the Low and High g r o i ~ p s  was not s x r p r i s i n g ,  

s ince  the  groups were se l ec t ed  on the  b a s i s  of t h e i r  a b i l i t y  and were 

run on d i f f e r e n t  Lists of wouds, The initial h o p  had been t h a t  t he  

use o r  harder words for thf High group would serve  t o  make the  t a sk  

equal ly  d i f f i c u l t  f o r  t h i o  group as f o r  the Low group. That the 

experimenter was not successfJ1 i n  equa l i z ing  r e l a t i v e  d i f f i c u l t y  is 

r e a d i l y  apparent i n  Figure 2 ,  which shows t h e  o v e r a l l  l ea rn ing  r a t e  

of the  two groups a s  they proceeded over runs on a l i s t ,  

Week Dif fe rences .  A h ighly  s i g n i f i c a n t  d i f f e r e n c e  ( F  = 8.853> 

p < .OOl) was found f o r  the  Weeks e f f e c t .  

Weeks i n t e r a c t i o n  approached 5 igni f icance  (F = 204142  p < .lo) 

dl f fe renLia1  eff'eLt, of Weeks on the  two groups--as  weLL as the  o v e r a l l  

decrease i n  t o t a l  errors--m%y be c l e a r l y  Seen i n  Figuve 3. 

I n t e r e s t i n g l y  the  Groups by 

This 

It should 
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be r e c a l l e d  t h a t  t h i s  experiment was begun a f t e r  each s u b j e c t  had had 

s e v e r a l  weeks o f  o r i e n t a t i o n  and t r a i n i n g  on the t a s k .  Evident ly ,  t he  

complexity of  t he  response demanded--involving as it does motoric s k i l l s  

and memory p rocesses - - i s  such t h a t  f a c t o r s  o t h e r  t han  knowledge o f  

s p e c i f i c  words i s  being learned.  

Condition Differences.  The v a r i a t i o n  i n  number and spacing o f  

r e p e t i t i o n s  on e r r o r  t r i a l s  produced a s i g n i f i c a n t  d i f f e r e n c e  ( F  = 20.042, 

p < .OOl) between condi t ions.  This d i f f e r e n c e  i s  r e f l e c t e d  i n  Figures  

4 and 5, which show the  p r o b a b i l i t y  of a cor rec t .  response on t h e  f i r s t  

t r y  f o r  a l l  i tems over  runs. InspectLon o f  t hese  graphs does no t  make 

it immediately c l e a r  i f  t h e  s ign i f i cance  found i s  due t o  t h e  l a r g e  

d i f f e r e n c e  between Ro (no r e p e t i t i o n  o f  e r r o r  i t ems)  and t h e  o t h e r  two 

cond i t ions ,  o r  i f  t h e  apparent s u p e r i o r i t y  of R4 over R 1  i s  a l s o  

s t a t i s t i c a l l y  s i g n i f i c a n t .  

Consequently, t - t e s t s  f o r  c o r r e l a t e d  sco res  (McNemar, 1962) were 

run t o  compare R1 (immediate r e p e t i t i o n  of  an e r r o r  i tem) and R4 

( r e p e t i t i o n  of  an e r r o r  i tem a f t e r  fou r  i n t e rven ing  i t ems) .  The r e s u l t s  

are summarized i n  Table 4. A s  may be seen, t hese  condi t ions do d i f f e r  

s i g n i f i c a n t l y  f o r  t h e  combined groups and f o r  the Low group, but not. 

f o r  t he  High. This d i f f e rence  i n  the  e f f e c t  o f  t h e  condi t ions on t h e  

Low and High groups i s  a l s o  ind ica t ed  i n  t h e  in t e rac tLon  term (Group 

by Condition) f o r  t h e  a n a l y s i s  of var iance,  which approaches s i g n i f i -  

cance ( F  = 2.43, p < -10). 

Analysis o f  Retent ion Tes t  Scores 

An a n a l y s i s  o f  variance f o r  t he  number c o r r e c t  f o r  r e t e n t i o n  t e s t  

s c o r e s  was c a r r i e d  ou t  employing t h e  same model and dimensions as those 
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TABLE 4 

T - Tests  f o r  T o t a l  E r r o r s  t o  C r i t e r i o n  

( R 1  v s .  R4) 

I 
~~ ~~~ ~~~ ~~ 

= 3.19 I p < .001 I ‘251 I Combined Groups 

I = .568 l n o t  s i g n i f i c a n t  I t125 
I High Group 

Low Group I 
used f o r  t h e  t o t a l  e r r o r  a n a l y s i s .  However, s i n c e  a s u b j e c t  went 

through each l i s t  only once on the t e s t ,  t he  p o s s i b l e  range of s co res  

f o r  each c e l l  was 0 t o  4, t he  l a t t e r  being the  maximum he could have 

c o r r e c t  f o r  a p a r t i c u l a r  condi t ion on one l i s t .  

The e r r o r  terms used t o  t e s t  f o r  s i g n i f i c a n c e  were computed i n  

t h e  manner descr ibed e a r l i e r .  The r e s u l t s  of t h i s  a n a l y s i s  a r e  p re -  

sented i n  Table 5 .  

Group Di f f e rences .  Again, a s  might be expected, the t e s t  scores  

f o r  t he  two groups were s i g n i f i c a n t l y  d i f f e r e n t  (F = 9.91, p < .005).  

A s  may be seen on Figure 6 ,  t h e  d i f f e r e n c e  i n  the  p r o b a b i l i t y  of a 

c o r r e c t  response f o r  t h e  two groups i s  approximately.10, When t h i s  

f i g u r e  i s  compared wi th  t h e  i n i t i a l  p r o b a b i l i t y  of a c o r r e c t  response 

on Run 1 ( s e e  Figure 2 ) ,  i t  may be seen t h a t  t he  r e l a t i v e  d i f f e r e n c e  

between t h e  two groups i s  approximately the  same i n  both s i t u a t i o n s .  

Week Di f f e rences .  The Weeks dimension proved t o  be s i g n i f i c a n t l y  

d i f f e r e n t ,  (F = 3.34, p < .Ol), bu t  t he  type of t r e n d  p rev ious ly  

observed i n  Figure 3 i s  no t  evident h e r e .  Since the  r e t e n t i o n  
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i n t e r v a l  var ied  considerably f o r  words i n  Week 1 compared wi th  those i n  

Week 6,  f o r  example, one might have reasonably expected a gene ra l  i n -  

crease i n  co r rec t  responses over the Weeks dimension. Figure 6,  however, 

seems t o  i n d i c a t e  t h a t  the  varying r e t e n t i o n  i n t e r v a l  d i d  not  produce any 

e a s i l y  i n t e r p r e t a b l e  , systematic  e f f e c t s  

The dramatic d i f f e r e m e  between the  3rd and 4 th  Week t e s t  scores  

f o r  both groups seemed r a t h e r  unusual u n t i l  i t  was r e a l i z e d  t h a t  t h i s  

d i f f e rence  may be p r imar i ly  a t t r i b u t a b l e  t o  using the szores  from r s t e n t i o n  

t e s t s  given over a two-day per iod and t o  using longer-than-normal se s s ions  

f o r  each s u b j e c t ' s  t e s t i n g .  Thus, t he  gene ra l  s l i g h t  downward t rend  for 

Weeks 1 t o  3, followed by the sharp r i s e  on Week 4 and another downward 

t rend  f o r  t he  remaining weeks may w e l l  be due t o  som? s o r t  of f a t i g u e  

f a c t o r  opera t ing  wi th in  each of the two t e s t  s e s s ions .  This unfor tuna te  

confounding of e f f e c t s  could have been avoided i f  the words had been 

randomized over a l l  s i x  l i s t s  ins tead  of merely wi th in  each l i s t .  This 

was not  done because the  experimenter assumed the increase  i n  se s s ion  

l eng th  would not  a f f e c t  the r e s u l t s  so not iceably .  

Condition Dif fe rences .  The condi t ion  d i f f e rences  were s ign i f i can t ,  

(F = 3.187, p < .O5), but the magnitude of t h i s  d i f f e rence  was consider-  

a b l y  l e s s  than i n  the  t e s t  f o r  t o t a l  e r r o r s .  

Table 6 p resen t s  t he  r e s u l t s  of r u n n b g  a t - t e s t  f o r  c o r r e l a t e d  

sco res  f o r  the  var ious  condi t ion combinations. It can be seen t h a t  the 

main s ign i f i cance  e f f e c t s  come p r i n c i p a l l y  fron; the Low group, and 

involve mainly the  d i f f e rence  i n  r e t e n t i o n  between no - repe t i t i on  i tems 

(RO) and those which were repeated (R1 and R 4 )  However, i t  should be 

noted t h a t  the  t rend  observed i n  the  f i r s t  ana lys i s  of e r r o r  scores  i s  
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TABLE 6 
T - Tes t s  f o r  Gondition Differences 

on Reterition Test. 

a l s o  fourid here  ( 1 . e  'he p r o S a b i l i t y  of keing co r rec t  i s  great,est f o r  

R 4  followed by T i l  and +hen RO) 

Anaiysis of 3 i f f e r e n c e  Sccreb ~ ~ - - _ _ _ _ _  

The scort's fur + h i s  anLa?ysi;  were corr;pic,eci bv s d b s t r a c t i n g  a 

subject's score (nlimber c o r r e c t )  on Run 1 f o r  a l i s t  from- h i s  s co re  

on t n e  r.eterlt,io? t e s t  f o r  +)id1 same i is t , .  Since :be maximim number 

c o r r e c t  f o r  each c o l l d i t i o 3  on a list is 4, t he  obtained d i f f e r e n c e  

scores  coTi ld  range f r o n  -4 (if the  s J b j e c t  had a l l  of the words c o r r e c t  

on Run 1 and rr,:;zed all of t hese  i tems on the re t ,eat ion t e s t )  t o  +4 

( i f  the sub jec t  missed a l l  t he  i tems on Run 1 and had them a l l  correct,  

orl the  ret,ent,ion t e s t )  Unlike the  scores  f o r  t o t a l  e r r o r s  t o  c r i t , e r i o n ,  

t h i s  d i f f e r e n c e  score i s  not d i r ec t , l y  a f f e c t e d  by the  number of runs 9. 

sub jec t  might, have had on a i i s k  

The r e s J l + s  of thF?  arialysi  . a r e  f o u i d  i n  Table 7 .  The only  source 

of v a r i a t i o n  whict was s i g n i f i c a n t  was t h a t  f o r  Condit,ions (F = 3 51, 

P < .05) 

42 



I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 

v1 
a, 
k 
0 
V 
u1 
a, 
V 

" g  
3 2  

k 3 %  Q 

k 
0 
k 

a, 

m 
.rl 
k 

2 

$ 
k 
0 

m 
.rl 
v1 x 
rl m 
d 
4 

43 



TABLE 8 

- I ______- I 
= io18 

12 5 t 

I t  

i t125 

= l"g1 

= .51 

-. - - 

.. . . ... . . . . ~. - -- . 

1 125 ._ - ~. - 

.-_L-.. -- .. . - -...-- 

not 
s ign i f  

not 
s i g n i f  

not 
s i g n i f  

- . - - 

... - -  

I 

scores .  If one looks, f o r  example, a t  Figure 2, i t  i s  easy t o  see t h a t  

t h e  o v e r a l l  ga in  i n  propor t ion  c o r r e c t  f o r  t h e  two groups i s  very s i m i l a r .  

The e f f e c t  a long t h e  Weeks v a r i a b l e  does n o t  reach  s i g n i f i c a n c e  

(F = 1.096, .5  > p > ,251, a l though t h e  Groups by Weeks i n t e r a c t i o n  i s  

h igher  (F = 1.981, p < o l O )  

of t e s t  scores  because of t e s t - s e s s i o n  l e n g t h  may, of course,  be l eve led  here  

The same c r i t i c i s m  of p o s s i b l e a t t e n u a t i o n  

Latency Data 

I n  order  t o  in su re  t h a t  t h e  l a t e n c y  t o  t h e  response w a s  

measured from t h e  same beginning po in t ,  t h e  s t u d e n t s  were e x p l i c i t l y  

44 



instructed not to begin their answer until the number of the item was 

printed by the teletype. The first latency then was the number of 

seconds elapsing from the time the item number was printed until the 

subject struck the first key. The second recorded latency was measured 

from the same beginning point to the termination response (i.e., depress- 

ing the space bar). 

signal to the confidence rating. 

The third latency was the time from the termination 

This method of obtaining a uniform starting point for the latency 

measures may mask real differences which exist in the needed processing 

time for a particular word or condit,ion. It should be recalled that 

each item is pronounced three times, once in a sentence context and 

twice alone. The total time for the audio presentation and the typing 

of the item number was just under five seconds. Once the student is 

familiar with the word, presumably after the first run, this time during 

the audio presentation would be available to the student to use as he 

needs or desires. For example, if the item is one he is uncertain of, 

he could use the last four seconds of the audio presentat,ion period to 

begin his recall or encoding of the proper response. 

if he feels he knows the word, he could use this time to daydream or 

even to become frustrated with the slowness of the whole procedure. 

One cannot be sure that such a difference in necessary processing time 

will be accurately reflected in the latency as measured, 

On the other hand, 

Why then was the completion of the audio message used as the 

starting point for latency measures? Perhaps, the student should have 

been allowed to respond as soon as he was able; the first key he struck 

should have terminated the audio, and the time from the beginning of 
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the  word p resen ta t ion  t o  the f i r s t  key used a s  t h e  l a t ency  measure. 

This procedure was not followed f o r  two reasons: 

s i s t e n t  high f i d e l i t y  and r e l i a b i l i t y  i n  t h e  t ransmission of audio 

messages made if seen neceskarv t o  r epea t  the word t o  maximite accu ra t e  

percept ion of t h e  item; arld ( 2 )  the c o n t r o l i i n g  comput,er progrm. woclld 

have had t c  hav? t ) e ~ r ,  n o d i f l e d  exten=;vely i n  order  T O  allow t h e  stLtdent 

to terminate the a l d i o  ket0r-e L t s  e cnp le t ion  eirlce t h e r e  was l i t t l e  

evidence iridic-atirig th3t  h i i o d i : ' i , a t i ~ r  wab r z a l i y  neces5ar-y or 

of g r e a t  import-lnze 1'1 + h i  t,=s:rit,ial Iv explornt, ive pha;e of the  t o t a l  

(1) The l ack  of con- 

s tudy ,  i t  was not  midi, 

A11 of t h e  l a t ency  d4t.a reported i n  t h i s  sect l ion was averaged 

s e p a r a t e l y  for each i r ,dividuai ;  this, e a c h  i n d i v i d a a l  i s  weighted 

equal ly  in the overa l l .  mean;, arid t,he sLoder- i?arning s tuden t  1s not  

represented dispropor Lions t e l y  simply because he took more runs to 

l e a r n  a list, 

L,atencies f o r  Correct arid Error Fesporijes, __- Figure  7 shows the ------ 

overa l l  d i  ffereylce i r i  ma. ,  ~ a t ~ e r l c i e j  between correct,  and i n z c r r e c t  

response-. f o r  t r e  ~ o , ~ b l ~ ~ d  groups ~ ?'his d i f f e r e n c e  seenis t o  bP q u i t e  

congruent with most of the  experinent a 1  l f i e r a t u r e  whicb gene ra l ly  

r e p o r t s  a higher Latency fo r  i nco r rec t  responses  

On Figure 8 the Lovrect srici e r r o r  1at.encies axe dep lc t sd  a s  they 

diminish over runs 01 a l i s t .  Agairl, su"h a difference was expected 

and i s  i n  keeping w i t h  gerier41 finding: 

Latencies f o r  ConditionLC --- The l a t e r y i e s  fo r  each cond i t ion  as 

they changed over run- 0'1 a l i s t  IS d i sp l ayed  i n  Figures  9 and 10. 

Here the re3cllts a r e  ,omrwhat morel a m b i g l ~ o ~ s ,  but i n  genersl t he  r a t h e r  
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small  d i f f e r e n c e s  between l a t e n c i e s  for t he  condi t ions probably r e f l e c t s  

t h e  d i f f e r e n c e  between the  number of c o r r e c t  and i n c o r r e c t  responses i n  

each condi t ion.  For example, i n  Figure 10 f o r  t h e  Low group, where the  

R 1  and R 4  l a t e n c i e s  a r e  qu i t e  c o n s i s t e n t l y  lower than R O Y  the  l a t e n c i e s  

f o r  t he  former condi t ions may be i n t e r p r e t e d  a s  a r e s u l t  of t h e  f a c t  t h a t  

i tems i n  R 1  and R 4  a r e  more l i k e l y  t o  be c o r r e c t .  

Latencies  t o  End of Response. Figure 11, which p r e s e n t s  t he  l a t e n -  

c i e s  t o  the l a s t  l e t t e r  of t he  response, i s  included a s  an example of t h e  

information obtained from t h i s  measure. They too seem t o  follow t h e  t r ends  

apparent i n  the  l a t ency  t o  the f i r s t  l e t t e r ,  and a r e  q u i t e  i n  l i n e  with 

one ' s  i n t u i t i v e  expec ta t ions - - i . e . ,  a s  t he  s tudent  l e a r n s  the  word b e t t e r ,  

he can complete h i s  response f a s t e r .  

Confidence Rat ing Measures 

Because of t h e  g r e a t  i n d i v i d u a l  v a r i a t i o n s  i n  t h e  use of confidence 

r a t i n g  c a t e g o r i e s ,  i t  i s  r a t h e r  d i f f i c u l t  t o  r e p o r t  o v e r a l l  summary 

s t a t i s t i c s  f o r  t h i s  measure which do not  d i s t o r t  the r e s u l t s  t o  some 

degree.  

A s  wi th  the  e a r l i e r  l a t ency  d a t a ,  a l l  means and frequencies  were 

computed s e p a r a t e l y  f o r  each i n d i v i d u a l  and the o v e r a l l  means c a l c u l a t e d  

from these  averages.  

The o v e r a l l  d i s t r i b u t i o n  of t h e  use of t he  var ious confidence 

r a t i n g s  f o r  t he  two groups can be seen i n  Figure 1 2 .  The overwhelming 

tendency of most s u b j e c t s  t o  be e i t h e r  p o s i t i v e  they a r e  r i g h t  or pos i -  

t i v e  they a r e  wrong appears even more extreme i f  one in spec t s  t he  

i n d i v i d u a l  d i s t r i b u t i o n s  f o r  each r a t i n g .  Here one observes t h a t  

approximately two-thirds  of t h e  s u b j e c t s  used cat ,egories 2 and 3 l e s s  

t han  5 pe rcen t  of t he  t ime. 
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The low usage of categories 2 and 3 by most subjects does not, 

however, invalidate the findings reported in Figure 13, where we see 

the probability of a correct response given the various confidence 

ratings. In this case also one may observe great individual differ- 

ences in the accuracy of the rat,fngs, with a relatively few individuals 

exerting a large influence on the overall averages in categories 2 and 3. 

The relationship of the confidence rating to the latency to the 

first letter of the response 1 s  seen irl Figure 14” 

exception of the latency for confidence rating 2 in the High group, the 

latency measures sepm to reflect thy expezted rising uncertainty indi- 

cated by the confidence rating, 

Wlth the possible 

Figure 15 represents the latencies for the confidence ratings 

(i.e., the time from the termination signal to the time the key for 

the confidence rating measure was struck). 
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CHAPTER I V  

D I S C U S S I O N  OF EXPERIMEmA_L IIESULTS 

Summary o f  Yajor Resui ts  - 

Analyses of variance were compur,ed usi_cg the f c l l cwing  major dimen- 

s ions  ." 

(1st  through 6 t h )  

(1) t o t a l  e r r o r s  f c  crit?r-rlon 01 f i v e  t l m n s  Through each l i s t ;  ( 2 )  t o t a l  

3 C c n d i +  i o n s  ( R O ,  F1, R 4 )  ; 2 C-roups (High and Low) ; and Weeks 

Using t,his model? three s e t s  cf scores were analyzed: 

c o r r e c t  on r e t e n t i c n  t e s t s ;  ( 3 j  d i f f e r e n c e  i ~ :  number c o r r e c t  on r e t e n t i o n  

t e s t  minus the number correct, on the  first time throilgh a list. I n  

a d d i t i o n ,  t - t l ?s+s  werz r x  t c  compare the  d i f f e rence  ir, e f f e c t s  between 

the  various condi? ions 

T o t a l  E r ro r s  t o  C r i t e r f o n ,  A l l  +,hree major d h e n s i c n s  were found ___-___ 
t o  be s i g n i f i c a n t l y  d i f f e r e n t :  

Groups ( F  = 8.45,  p < "01); Wezks (F = 8,85, p < .001). 

Conditions ( F  .= 20.042, p < .OOi); 

T - t e s t s  comparing cund i t lo r l s  R1 and R4 showed RL tc be signlfi- 

c a n t l y  supe r io r  tcj R 1  f o r  the c o n k n e d  groups,  ( t  = 3.19, P < .oo l )  

and f o r  the Low grcup ( t  = 3.42, p < . O O l ) ,  b a t  not  for t he  High group 

( t  = .568). 

Retention Test. Scores.  I n  this a n a l y s i s  t!-ie t h r e e  major dimensions 

were a l so  s i g n i f i c a n t l y  d i f f e r e n t :  

Groups ( F  = 9.91, p < . 0 0 5 ) ;  Weeks ( F  = 3.34, p < .01). 

Conditions ( F  = 3.187, p < 

T - t e s t s  for cor?.di t i o n  differences were s i g n i f i c a n t  beyond the "10 

l e v e l  i n  O R ~ Y  two cases and for  c n l y  ttle LOW group: RO vs .  RL (t = 1.86, 

p < .lo), and RO vs. R 4  ( t  2.68, p < . o l ) .  
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Difference Scores.  For t h i s  a n a l y s i s  t he  only s i g n i f i c a n t  d i f f e r -  

ence was found i n  t h e  Conditions (F = 3.51, p < ,051. T - t e s t s  showed 

s ign i f i cance  i n  two ins t ances  f o r  only the  Low group: Ro vs. R1 

( t  = 4.04, p < .OOl), and RO vs. R4 ( t  = 2.31, p < .05>.  

Group Differences 

Our f i r s t  two major analyses o f  t h e  d a t a  ( i . e . ,  e r r o r s  t o  c r i t e r i o n  

and r e t e n t i o n  t e s t  s co res )  showed s u b s t a n t i a l  d i f f e rences  between the  

two groups i n  o v e r a l l  performance and suggested a s t rong  t e n d e w y  f o r  

t h e  condi t ion e f f e c t s  t o  be more pronounced i n  t h e  Low group. both of  

t hese  r e s u l t s  r a i s e  i n t e r e s t i n g  problems. 

A s  was mentioned e a r l i e r ,  the  attempt t o  equate the  r e l a t i v e  

d i f f i c u l t y  of t h e  words f o r  t h e  two groups w a s  obviously not success- 

f u l  and i s  r e f l e c t e d  i n  the lower e r r o r  r a t e  f o r  t he  High group, I n  

i t s e l f ,  t h i s  f a i l u r e  was probably i n e v i t a b l e  and not too important. 

However, t h i s  d i f f e rence  i n  d i f f i c u l t y  may be a p r i n c i p a l  f a c t o r  i n  

producing t h e  d i f f e r e n t i a l  e f f e c t  of  t h e  experimental  condi t ions on 

t h e  groups. 

If one examines Figures  4 and 5,  which give no t  only the  o v e r a l l  

p r o b a b i l i t y  o f  a c o r r e c t  response but  a l s o  the s i z e  of  t h e  populat ion 

c o n t r i b u t i n g  t o  a p a r t i c u l a r  run, t h e  d i f f e r e n c e  i s  c l e a r .  When t h e  

N's on these  graphs are converted t o  the a c t u a l  number of s tuden t s  

s t i l l  running on each day, one f inds  t h a t  on t h e  average by the  

3rd Run over  h a l f  t he  ind iv idua l s  i n  t h e  High group had reached c r i -  

t e r i o n ,  but t h a t  only 6 ou t  o f  2 1  had done so i n  the  Low group. 

t h e  4 t h  Run an average of 17 i n  t h e  High group and only 11 i n  the  

Low group had reached c r i t e r i o n .  What t h i s  means i s  t h a t  a s i zeab le  

number o f  people i n  the  High group a r e  f ind ing  t h e  words r e l a t i v e l y  

By 
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easy,  and t h a t  only two o r  t h r e e  t r i a l s  a r e  necessary t o  produce an 

almost p e r f e c t  score.  It would seem l i k e l y  t h a t  a poss ib l e  d i f f e r e n c e  

i n  t h e  p o t e n t i a l  advantage of  one cond i t ion  over anc the r  would be 

l i m i t e d  here by a " c e i l i n g "  e f f e c r  on l ea rn ing  as a l a r g e  proport ion of 

s tuden t s  i n  t h ?  High ercup reach Criterion bef3re f i v e  runs on a l i s t .  

Such an cbservatior,  does no t ,  of course,  rule  cut t h e  p o s s i b i l i t y  

t h a t  t h e  conditicn; a c t u a l l y  dc a f f e c t  t h e  t w c  groups i n  d i f f e r e n t  ways. 

F u r t h e r  experin;en+s ;no ;la be abl- t o  provide SGIW i n s i g h t  lnt ,o t h i s  

prcblem by f u r t n e r  i nc reas ing  t h e  d i f f i c u i t y  l e v e l  o f  iterris f o r  t h e  

High  group. 

Week Differences : Learning-to-Learn 

Because o f  the extended t r a i n i n g  per iod preceding t h e  a c t u a l  start 

o f  the  expe r inen t ,  i t  was ncf, o r ig i r ! a l ly  expected t h a t  t he  groups wokld 

d i s p l a y  any s i g n i f i c a n t  improvement, in performar1c.e a s  t hey  moved thrcugh 

t h e i r  l i s t s .  'That this expecTat-ion was unfounded seems f a i r l y  c l e a r  

frosr the a n a l y s i s  and t w  gene ra l  downward t r end  i n  e r r o r s  seen i n  

Figurc 3--at least for the H;gh gr,-ip., AlT,hc,u& t!ie o v e r a i l  t r end  i s  

s imilar  fcr  the Low group,  ttit  unusllai drop betwee,. the j1.d and b t h  

week i s  r a t h e r  d i f f i c u l t  t o  exp la in ,  except  t o  say t h d t  it can probably 

be a t t r i b u t e d  t o  t he  chance j u x t a p o s i t i o n  Gf unusuai ly  hard l i s t s  i n  

the  3rd week followed by e a s i e r  ones i n  week 4. 

Afte r  puzzling over  this apparent, l e a r n i n g - t c - i c a r n  phenomenon 

and wond?ring how it could poss ib ly  be so p o t e n t  a t  ;Jch a l a t e  s t a g e  

i n  t r a i n i n g ,  i t  was be la t ed ly  r e c a l l e d  t h a t  t h e  experiment was begun 

a week af?er the  school 5 Christmas vacat ion.  Ir, e f f e c t ,  t h i s  meant 

t h a t  t h e  s tuden t s ,  except f o r  a +,wo.day "warn.-up" pe r iod  j u s t  p r i o r  to 
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t h e  a c t u a l  f i r s t  run i n  t h e  experiment, had no t  had any p r a c t i c e  f o r  

over t h ree  weeks. Evident ly ,  t h i s  l ayof f  was s u f f i c i e n t  t o  cause them 

t o  l o s e  many of t he  s k i l l s  necessary f o r  t h e  t a sk .  

Condition E f f e c t s  

The one r e s u l t  which was c o n s i s t e n t l y  found through a l l  of t he  

analyses--and which may be c l e a r l y  seen i n  F igu re  4 ,  for example--is 

t h a t  r e p e t i t i o n  of e r r o r  i tems produced g r e a t e r  l ea rn ing .  This r e s u l t  

would seem t o  c o n t r a d i c t  Greeno's and K e l l e r ' s  f i nd ings  t h a t  immediate 

r e p e t i t i o n  of an i tem did not produce much l ea rn ing  on the  second pre-  

s e n t a t i o n .  It appears l i k e l y  t h a t  t he  d i f f e r e n c e  i n  the  complexity of 

response being learned i n  t h e  p re sen t  experiment, when compared wi th  

t h a t  r equ i r ed  i n  Greeno's pa i r ed -as soc ia t e  s tudy (i  . e . ,  l e a r n i n g  the  

s p e l l i n g  of a word ve r sus  l ea rn ing  an a r b i t r a r y  s i n g l e  d i g i t  response) 

i s  s u f f i c i e n t l y  g r e a t  t h a t  t he  e x t r a  immediate p r a c t i c e  f o r  s p e l l i n g  

was h e l p f u l .  I n  K e l l e r ' s  s tudy i t  should be noted t h a t  t he  expe r i -  

mental  procedure perhaps contr ibuted t o  the  apparent i n e f f e c t i v e n e s s  

of t he  immediate r e p e t i t i o n  of a word. When a c h i l d  missed a word 

f o r  t he  f i r s t  time i n  KeLler 's  experiment, he was not  given t h e  

c o r r e c t  s p e l l i n g ,  but  was merely t o l d  t o  t r y  again.  A f t e r  t he  second 

f a i l u r e ,  t he  c o r r e c t  s p e l l i n g  was p re sen ted ,  and t h e  c h i l d  was t o l d  

t o  copy i t .  It would seem qu i t e  p o s s i b l e  t h a t  t h i s  copying response 

would involve a minimum of cogni t ive a c t i v i t y ,  and hence would perhaps 

n o t  h e l p  the  s tuden t  i n  h i s  f u t u r e  a t tempts  t o  r e c a l l  t he  word. 

I n  regard t o  d i s t r i b u t e d  p r a c t i c e  on e r r o r  i tems,  t.he r e s u l t s  of 

t h e  p re sen t  experiment a r e  less c l e a r ,  but  seem p o t e n t i a l l y  more 

i n t e r e s t i n g .  The R4 cond i t ion  ( r e p e t i t i o n  a f t e r  four  i n t e rven ing  i tems) 

was found t o  be c o n s i s t e n t l y  superior  t o  R1 (immediate r e p e t i t i o n ) ,  
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but the difference %as often not significant. 

is whether or not this consistent trend represents an actual difference 

between the effects of Ri and R4. Certainly in the analysis of total 

errors to criterion and the aczompanying t-test comparing R1 and R4 

(see Tables 3 and 4), the difference between these conditions for the 

Low group seems buSstantial However, the fact that none of the 

analyses produced a significant difference between R1 and R4 for the 

High group indiLates t.ha+ we must be cautious in our inf?rences. 

it seems plallsible that tho relatlve ease with which the High group 

learned the words may have acted to limit the potential real differ- 

ences between condition effects, we can not be certain that this was 

actually the case. Therefore in the following discussion our effort 

to explain the consistent superiority of R4 over R1 admittedly rests on 

the assumption that this difference in condition effects was not a 

The important question 

While 

chanc? phenomenon 

Any attempt to account for the possible superiority of R4 must of 

necessity be nighly speculative, As a theoretical framework this 

description wils rely strongly on the conceptuslization of' memory 

processes proposed by Atkinson and Shiffrin (1967) 

attempt will be made to apply their mathematical models, 

although no 

If we recall the experimental procedures, we will remember that 

the subjects were given no indication as to the condition under which 

a word was presented. They therefore had no idea if a word was going 

to be repeat,ed--either immediately or a few items later, (This state- 

ment is not strictly true after the first pin on a list,, for there was 

the possibility that a subject would recalL that a particular word 
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was or was not going to be repeated. 

at the conclusion of the experiment, however, revealed that if such 

recall was occurring, they were not aware of it.) 

Interviews with the subjects 

It will be recalled that when a subject missed a word, he was 

given the correct spelling, followed by a six-second study interval 

before the next item was presented. We shall assume that during this 

interval whatever strategy the student used to try to learn the word 

was not dependent on the condition. If one is not willing to accept 

this assumption for all runs, it certainly is valid for Run 1 on a 

list when the subject could not have any idea as to which items would 

be repeated. In any case, we would suggest that the difference in the 

effects of the R1 and R4 conditions occurs as a result of the differ- 

ence in the processes used to retrieve the words from memory when they 

are presented a second time. 

A s  an example, when an Rlword is missed, it is presented immediately 

again at the end of the study interval. Regardless of what strategies 

the student may have used to try to commit the word to memory during the 

study period, an attempt to spell the word at this point would not seem 

to necessitate any search of long-term memory or any attempt on his 

part to reconstruct his original strategy. A l l  he needs to be able to 

do is to keep in his short-term memory, for a period of 10 to 15 seconds, 

the particular spelling he has just seen. 

this simply by engaging in a serial rehearsal of the letters. 

He could seemingly accomplish 

On the other hand, the recall of an R4 word on 

tation during a run is more complex. He has in the 

first and second presentation been actively engaged 
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recalling other words. 

bility that he may have kept the word in short-term memory through a 

rehearsal process. More likely, when called upon to spell the word a 

second time, he must attempt to either retrieve from long-term memory 

whatever representation of the word he has stored there, or reconstruct 

the spelling of the word using the strategies he devised earlier. 

retrieval process here must be much more similar to that which is ordi- 

narily used in generating the spelling of a word than is the case in the 

second try on an R1 word. 

This activity would seem to preclude any possi- 

The 

To summarize briefly, it is being hypothesized that the superiority 

of the R4 condition perhaps can be accounted for in the kind of practice 

it provides in retrievinq a word from long-term memory; in contrast, 

the R1 condition does not necessitate such practice since these words 

can be recalled through a rehearsal process in short-term memory. 

The validity of this hypothesis could perhaps be tested if one 

interspersed a short interference activity after each study interval for 

the words. This should prevent rehearsal of the words in short-term 

memory. 

ished, a stronger argument could be made that the difference lies in 

the retrieval processes, 

If' one then found that the superiority of R 4  over R1 was dimin- 

This particular interpretation of the experimental results is quite 

consistent with the  idea stemming from Greeno's study that distributed 

practice would be superior because it providee training i n  discrlmlnation. 

In thirs cam one could epaerk OT the  R 4  ratrfaverl process as one which 

constantly n e c s a a i t a t e s  discr imina t ' ion  among similar i t e m  in long-term 

memory. ThiEt notion would p s r h ~ p ~  have grea ter  v a l i d i t y  i f  WQ qualif' iad 
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it by a s s e r t i n g  t h a t  accu ra t e  s p e l l i n g  does seem f i n a l l y  t o  depend on 

one's a b i l i t y  t o  make p r e c i s e  d i sc r imina t ions  between reasonable a l t e r -  

na t ives ;  but  t h i s  a b i l i t y  t o  d i sc r imina te  i n  t u r n  depends on t h e  e f f i c i e n t  

and accu ra t e  use of memory processes t o  r e t r i e v e  t h e s e  a l t e r n a t i v e s .  

Retent ion Test Scores 

Two important quest ions need t o  be discussed i n  r e l a t i o n  t o  t h e  

r e t en t io r i  t e s t s ,  al though i n  n e i t h e r  case are d e f i n i t i v e  answers r e a d i l y  

obvious. The f i r s t  ques t ion  i s  coccerned with t h e  decrease on t h e  r e t en -  

t i o n  tes t s  of t h e  magnitude o f  the d i f f e r e n c e s  between condi t ion e f f e c t s ;  

t h i s  decrease may be observed i n  Figures 4 and 5,  and i n  our a n a l y s i s  of 

t e s t  s co res .  Although t h e r e  i s  s t i l l  a s i g n i f i c a n t  o v e r a l l  d i f f e r e n c e  

between condi t ions,  t h e  e f f e c t s  a r e  considerably reduced, and t h e r e  i s  

no longer  any s i g n i f i c a n t  d i f f e r e n c e  between R 1  and R 4 .  

Given t h e  r e l a t i v e l y  f e w  p r a c t i c e  t r ia ls  t h a t  a s tuden t  had on a 

word and t h e  l eng th  of t h e  r e t e n t i o n  i n t e r v a l ,  t h i s  decrease i s  not 

r e a l l y  s u r p r i s i n g .  

many of t h e  p a r t i c u l a r  a s s o c i a t i o n a l  and r e t r i e v a l  s t r a t e g i e s  he had 

developed and had only p a r t i a l l y  mastered, and i n  t h e  r e t e n t i o n  test  

w a s  forced t o  r e l y  on h i s  long-term s t o r e  of wel l - learned words and h i s  

a b i l i t y  t o  process words on t h e  b a s i s  of t h e  r e g u l a r i t y  of t h e i r  

s p e l l i n g  . 

What probably happened i s  t h a t  t h e  sub jec t  fo rgo t  

The second ques t ion  t o  be discussed r e l a t e s  t o  t h e  poss ib l e  diminu- 

t i o n  of r e t e n t i o n  t e s t  scores  due t o  t h e  s e s s i o n  length.  If t h i s  does 

indeed account f o r  t h e  unexpected f ind ings  displayed i n  Figure 6, t hen  

it a l s o  underscores t h e  need f o r  more r e sea rch  on optimum ses s ion  

l e n g t h  f o r  d r i l l s  of t h i s  type.  Perhaps such r e sea rch  would r e v e a l  



t h a t  t h e  length of t h e  se s s ion  i t s e l f  i s  not t h e  most important v a r i a b l e ,  

but  r a t h e r  t h a t  t h e  unexpected v a r i a t i o n  i n  t h e  required t ime f o r  a 

s e s s i o n  produces adverse e f f e c t s .  

b i e  t h a t  the type of a c t i v e  concentrat ion and a t t e n t i o n  r equ i r ed  i n  t h i s  

kind of t a s k  i s  such t h a t  b r i e f  s e s s ions  a r e  b e s t  f o r  maximizing t h e  

On t h e  o the r  hand, it i s  a l s o  poss i -  

r a t e  of l ea rn ing ,  

Latency Data _- 

One of t he  ofLen-mentioped p o t e n t i a l  advar,tages of C A I  systems IS 

t h a t  machine con t ro i  of s t imulus p r e s e n t a t i o n  enabies  the  experimenter 

t o  c o l l e c t  la tency datd here to fo re  unava i l ab le  t o  t h e  educa t iona l  r e -  

s ea rche r ,  

t h e  r e l a t i v e l y  crude measures of l e a r n i n g  w e  u sua l ly  use i n  e d u c a t i o c a l  

research may o f t e n  f a i l  t o  upcover c r u c i a l  and rea l  d i f f e r e n c e s  between, 

f o r  example, two methods of' teaching a mathematical concept.  

There seemb t o  be l i t t l e  doubt, as Silppes ( i964)  asserts,  t h a t  

On t h e  o the r  nand, l a t ency  d a t a  may r e v e a l  l i t t l e  information 

which i s  not obtainable  from simpler dependent measures. The c r u c i a l  

d i s t i n c t i o r >  perhaps ; i e s  ir? t h e  s u b t l e t y  of t h e  behavioral  change t h e  

experimenter i s  tryiGg t o  d e t e c t  

t h e  magnitude of change ope might reasonably expect from t h e  experimental  

Given t h a t  one i s  u n c e r t a i n  as t o  

manipulations, t h e  c o l i e c t i o n  of response i a t e n c y  d a t a  would seem t o  

be warranted--especial ly  i f  t h e i r  c o l l e c t i o n  i s  r e l a t i v e l y  inexpensive 

and simple as i t  i s  i n  C A I ,  There i s  obviously no guarantee t h a t  such 

d a t a  w i l l  be any more informative than  o t h e r  measures, 

I n  t h i s  experiment it seems f a i r l y  c l e a r  t h a t  t h e  l a t e n c y  d a t a  

does not I-eveal important d i f f e r e n c e s  which were not d e t e c t e d  by t h e  

co r rec t / e r ro r  measure A s  wa:: pc in t ed  out  ear l ie r ,  t h i s  f a i l u r e  may i n  
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p a r t  be due t o  t h e  way t h e  f i r s t  l a t ency  was measured; or it could simply 

be due t o  t h e  f a c t  t h a t  t h e r e  were not any r e a l  s i g n i f i c a n t  d i f f e r e n c e s  

i n  processing time required f o r  t he  var ious cond i t ions ,  

Nevertheless,  t h e  f a c t  t h a t  t h e  measured l a t e n c i e s  i n  t h i s  experi-  

ment d i d n ' t  seem t o  d i s c l o s e  unexpected information, or t h a t  t hey  were 

p r imar i ly  a means of confirming information gained from simpler dependent 

measures, does not negate t h e i r  p o t e n t i a l  value i n  C A I  research.  

Confidence Rating Measure 

A s  w a s  expected f o r  reasons pointed out e a r l i e r ,  it i s  d i f f i c u l t  t o  

i n t e r p r e t  t h e  r e s u l t s  f o r  t h i s  p a r t i c u l a r  dependent measure, If ope 

looks simply a t  t h e  o v e r a l l  summary s t a t i s t i c s  such as those  found i n  

Figure 1.3, it appears t h a t  t h e  confidence r a t i n g s  and t h e  p r o b a b i i i t y  of 

a c o r r e c t  response a r e  r e l a t e d  i n  a n  order ly ,  l i n e a r  f a sh ion .  

t h e  wide v a r i a t i o n  i n  i n d i v i d u a l  accuracy and t h e  low usage of ca t egor i e s  

two and t h r e e  would seem t o  place severe l i m i t a t i o n s  on t h e  usefulness  of 

t h i s  p a r t i c u l a r  measure--at least as it w a s  obtained i n  t h i s  experiment, 

However, 

If a confidence r a t i n g  measure i s  t o  be a valuable  dependent 

v a r i a b l e ,  then it would seem d e s i r a b l e  t h a t  s t e p s  be taken t o  inc rease  

i n d i v i d u a l  accuracy and t o  encourage wider use of more t h a n  two ca t e -  

g o r i e s .  Perhaps t h i s  ob jec t ive  could be accomplished through some 

s o r t  of feedback t o  t h e  ind iv idua l  as t o  t h e  accuracy of h i s  confidence 

r a t i n g .  (For example, see P h i l l i p s ,  S h i f f r i n  and Atkinson, 1967). IC 

our experimental  s i t u a t i o n  t h e r e  w a s  no p a r t i c u l a r  i ncen t ive  f o r  a n  

i n d i v i d u a l  t o  t r y  t o  maximize the accuracy of h i s  r a t i n g  or t o  use a l l  

of t h e  c a t e g o r i e s ,  s i n c e  t h e  evaluat ion of h i s  response w a s  based 

s t r i c t l y  on h i s  s p e l l i n g .  But it i s  a l s o  poss ib l e  t h a t  for s tuden t s  



of t h i s  age group and a b i l i t y  t h a t  t he  degree of t h e i r  u n c e r t a i n t y  

o r  confidence i s  b i p o l a r ,  and t h a t  they f i n d  i t  d i f f i c u l t  t o  make f i n e r  

d i sc r imina t ions .  

From a pedagogfcai po in t  of view t h e r e  can be l i t t l e  doubt t h a t  

ch i ld ren  should be encouraged t o  a s s e s s  the  accuracy of t h e i r  s p e l l i n g  

of a word, and i t  seems l i k e l y  Lhat t h i s  dec i s ion  process  could be 

improved through proper t r a i n i n g .  F a r t h e r  experimentation i n  which 

such t r a i n i n g  was a p r i n c i p a l  v a r i a b l e  could possibly provide valuable  

information,  

It  i s  a l s o  poss ib l e  khat othey i q d i r e c t  measures than those employed 

would y i e l d  mol-e p r e c i s e  knowledge as  t o  the s t a t e  of l e a r n i n g  i n  the 

i n d i v i d u a l .  For example, i t  would be a r e l a t i v e l y  simple matter  t o  

aliow the student t o  s t a r t  over when he f e l t  he had made a mistake on a 

word, Some combination of measures of t h e  time he took on the  wora 

and the  number of r e - s t a r t s  he used might be h igh ly  informative.  

Tn conclusion, i t  should be emphasized t h a t  the problem of t r y i n g  

t o  ob ta in  more s e n s i t i v e  measidres of l e a r n i n g  i s  very important--par t icu-  

l a r l y  t o  C A I .  The power of t he  conputer t o  make dec i s ions  on optimum 

s e l e c t i o n  and sequencing of m a t e r i a l s  w i l l  only be r e a l i z e d  when, and 

i f ,  we a r e  able  t o  f i n d  the  proper dependent measures which adequately 

c h a r a c t e r i z e  the  i n d i v i d u a l f a  c u r r e n t  s t a t e  of l e a r n i n g .  
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Appendix A 

The number af ter  each of t h e  words i s  t h e  percentage of s tuden t s  on 
t h a t  grade l e v e l  who s p e l l e d  t h e  word c o r r e c t l y .  

Source: New Iowa S p e l l i n g  Sca le  

4 t h  Grade Level 

L i s t  1. 

1. burned 
2. louder 
3. t r u t h  
4. dres ses  
5. score 
6. young 
7. lend 
8. t o r e  
9 camel 

10. s t a r t i n g  
11. f r e s h  
12 month 

L i s t  4. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12 

c l o t h i n g  
s h i r t  
a r i t h m e t i c  
i r o n  
t o g e t h e r  
escape 
stairs 
wheel 
bought 
COPY 
blame 
r u l e  

40 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

40 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

L i s t  2. 

1. c a r e l e s s  
2. perhaps 
3. wear 
4. follow 
5. t a b l e s  
6. church 
7. main 
8. t r u s t  
9. began 

1.0. t h ink ing  
11. dr iv ing  
12. higher 

L i s t  5 .  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

f i f t y  
p r i n t i n g  
coin 
reward 
u n t i l  
everywhere 
s tuck 
sunny 
color  
b o t t l e  
bigger 
joke 

4c 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

40 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

L i s t  3. 

1. climbing 
2. present  
3 windy 
4 heard 
5. t i r e d  
6. ca rpe t  
7. p laces  
8. u x l e  
9. b l i c d  

10. tune 
11. dr ink ing  
i2. inch 

L i s t  6. 

1. j o i n  
2.  speak 
3. co t ton  
4. proud 
5. twenty 
6. l eav ing  
7. t i n y  
8. w r i t i n g  
9. space 

10. your se l f  
11. basket 
12. queen 

40 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

411 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 



Appendix A (cont  . ) 

5th Grade Level 

L i s t  7. 

1. puzzle 
2. complain 
3. f a c t o r y  
4. human 
5 .  seldom 
6. r a r e  
7 earned 
8, towei 
9. q u i t  

10.  c i r c l e  
11. knock 
12- l a d i e s  

L i s t  10 

1. co t t age  
2,, s e l f i s h  
3 ,  f i g u r e  
4. machine 
5 .  d i n i n g  
6 tplephone 
7 .  p i c t u r e  

9. whose 
10" f l i g h t .  
11. chief  
12. s t e e l  

8. cloudy 

40 
41 
42 
42 
43 
44 
45 
46 
47 
48 
49 
50 

40 
41 
42 
42 
43 
44 
45 
46 
47 
48 
49 
5G 

1" 
2, 
3" 
4 
5" 
6. 
7" 

9"  
10 I 

11 
12 * 

8, 

1, 
2 ,  
3. 
4" 
5. 
6, 
7. 
8. 
9 c  
1c 
11, 
12 1 

L l S t  8 " 

harbor 
t h e a t e r  
curve 
i n s i s t  
vanish 
peanut 
c owar d 
vacation 
s a i l o r  
s i g n  
r a iny  
l e v e l  

L i s t  11, 

4c 
41 
42 
42 
43 
44 
45 
46 
47 
48 
49 
50 

c o n t r o l  40 
r e a l l y  41 
f o o l i s h  42 
p a r t n e r  42 
1Ylng 43 
wilderness 44 
q u a r t e r  45 
explair 46 
e l e c t  47 
kitcher! 48 
howiilng 49 
taught  50 

L i s t  9 

1. f i e l d s  
2, s w i f t l y  
3 ,  double 
4. laughed 
5. contains  
6 p r o t e c t  
7. climbing 
8. animal 
9. m i n g  

10. e i t h e r  
11, s i n c e  
12 t r i e d  

L i s t  1 2 .  

1, admit 
2,, quest ions 
3 (. h a b i t  
4 rough 
5 .  orsLnges 
6 .  agreed 
7 shoulder 
8, penc i l s  
9. n i c e s t  
10, v e i v e t  
11 i f i t e r e s t  
12 t h r i l l  

40 
41 
42 
42 
43 
44 
45 
46 
4-7 
48 
49 
5c 

40 
41 
42 
42 
43 
44 
45 
46 
47 
48 
49 
50 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

1. 
2. 
3. 
4. 
5. 
6.  
7. 
8. 
9. 
10. 
11. 
12. 

L i s t  13. 

appointment 
f a m i  li e s 
operate  
c rue  1 
r e l e a s e  
independent 
breeze 
e l e v a t o r  
na tu ra  1 
review 
depth 
importance 

L i s t  16. 

cab ine t  
include 
accept  
l e t t u c e  
p r a c t i c e  
j a n i t o r  
d i s c  overy 
chimney 
e n t e r t a i n  
r o t t e n  
d i v i s i o n  
loan 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
50 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
50 

Appendix A (cont  . ) 

6 t h  Grade Level 

L i s t  140 

1. a s t o n i s h  
2 .  f i f t e e n t h  
3. planning 
4. doubt 
5. rescue 
6. be l i eve  
7. ca r ry ing  
8. f u r n i t u r e  
9. pledge 

10. l eng th  
11. decorate  
12. i nc rease  

L i s t  17. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

c ont inued 
i n j u r e  
convince 
p r i v a t e  
ne it h e r  
n i c k e l  
avoid 
eas i ly 
r eces s  
n a t i o n a l  
energy 
musical 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
50 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
50 

L i s t  15. 

1 b a r e l y  
2. f u r t h e r  
3. prompt 
4. g u i l t y  
5. r e f l e c t i o n  
6.  c o r r e e t i o n  
7. cond i t ion  
8. d e n t i s t  
9. p o s i t i o n  

10. a d d i t i o n  
11. d i r e c t i o n  
12. j u n i o r  

L i s t  18 a 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 * 
11. 
l2. 

exact  
j our ney 
c r e a t u r e  
f o r t u n e  
memory 
meant 
a t  t e n t  i on  
blossom 
search 
c a p i t a l  
expect ing 
p o t a t o  

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
50 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
50 



REFERENCES 

Atkinson, R. C.  and Hansen, D. N o  Computer-assisted i n s t r u c t i o n  i n  

i n i t i a l  readlng:  t h e  Stanford p r o j e c t  

1966, - 2, 5-25. 

Reading Research Quarter lx ,  

Atkinson, R. C .  and Shiffrln, R. Me Human memory: a proposed system 

and i t s  c o n t r o l  p rccrsse j .  

Matnematicai S tud ie s  i n  she S o z i r , l  Sciences 

Techntcal Iieport No. 110, I n s t i t u t e  f o r  

Stanford UniveI-slty, 1967 0 

Beltramo, Lcuise. hi AlphabetLc Approach t o  the 'Teaching of Reading ___ I____I__I.I__-Y_ -I-- 

i n  Grade One, 

Iowa, 1954~ 

Urlpubiisnt?d k - t o r ' s  T h e s i s ,  State U n i w r s i t y  of 

Bernbach, H, Dec i s im processes i n  memory. Psychological  Review, 

1967, i n  p r e s s .  

Coulson, J. E .  (Ed. ) Programmed Learning and Computer-Based --- I n s t r u c t i o n o  -- 

New York: Johc Wiley 8( Sons, hi?,, 1962. 

Fishman, E l i zabe th ,  

s p e l l l n g  d r i l l s ,  

Massed v s .  d i s t r i b u t e d  pract1.c.e i n  m v p u t e r i  zed 

Vrrlputlished manuscrip! , 1967 

Gates,  A, I. Ceneral izs t icra  and T r a c s f e r  is  Spell;rig. Ne4 York: -_____ I--. 

Teachers College , 1935 e 

Glaser ,  R. ( E d . )  TeacLing Machines and P r o e e d  Learning, - lIm 

Washington, Bo C .  : 

National  Education Asso2iation of the United S t a t e s  

Lkparzment of  AudiovisQal I n s t r u c t i o n ,  

1965. 

Greene, H. A. The New Iowa S p e l l f x S c a l e .  - ~ -  Iowa C i t y ,  Iowa: S t a t e  

Universi ty  of Iowa, 1954. 



Greeno, J. G. Pa i red-assoc ia te  learn ing  wi th  massed and d i s t r i b u t e d  

r e p e t i t i o n  o f  items. J o u r n a l  of Experimental  Psychology, 1964 , 
- 67, 286-295. 

Hahn, W. P. Phonics:  a boon t o  spe l l i ng?  Elementary School J o u r n a l ,  

1964, - 64, 383-386. 

Hanna, P. R.,  Hanna, J ean  S.,  Hodges, R. E . ,  and Rudorf, E. Ho 

Phoneme-Grapheme Correspondences as Cues t o  Spe l l ing  Improvement 

Washington: U. S. Department of Health,  Education, and Welfare,  

Off ice  of Education, 1966. 

Horn, E. "Spel l ing"  i n  Encyclopedia of Educat ional  Research, New York: 

The Macmillan Company, 1960, 1337-1354. 

K e l l e r ,  L. Two c o r r e c t i o n  procedures i n  s p e l l i n g  d r i l l s  us ing  a C A I  

system. Unpublished manuscript, 1966. 

McNemar, Quinn. Psychological  S t a t i s t i c s .  New York: John Wiley & 

Sons, 1962. 

P h i l l i p s ,  J .  L. ,  S h i f f r i n ,  R. M., and Atkinson, R. C. The e f f e c t s  o f  

l i s t  l e n g t h  on short- term memory. 

Verbal Behavior, 1967, i n  press .  

J o u r n a l  of  Verbal Learning and 

S a r t o r i u s ,  Ina  C. Genera l iza t ion  i n  Spel l ing .  New York: Teachers 

College , 1931. 
Suppes, P. Modern l e a r n i n g  theory and the  elementary-school curriculum. 

American Educat ional  Research Journa l ,  1964, - 1, 79-83. 

Suppes, P. The uses  of computers i n  education., S c i e n t i f i c  American, 

1966, - 215, 207-220. 

Suppes, P. The computer and excel lence.  Saturday Review, 

January 14, 1967, 46-50. 

73 



. 

Suppes, P., Hyman, L o ,  J e m a n ,  Me Linedr s t r u c t u r a l  models f o r  response 

and l a t ency  performance i n  a r i t hme t i c .  Technical Report Moo 100, 

I n s t i t u t e  for Mathematical Studies  i n  the Social Sciences,  Stanford 

Vniversi ty  1966 

Suppes , P.,  Jerman, Yo. and Groen, G o  Arithmetic d r i l l s  and review on 

a computer-based t e iP type .  

Mathematical S t u d i e s  I n  t he  Sec ta i  S c i e w e s  

Technical Report Eo, 83, I n s t i t u t e  f o r  

Stsnford Un ive r s i ty ,  19650 

Wilson, H. A , ,  and Atkinson I?, L o  Computer -based ins t rq lc t ion  in 

f n  i n i t i a l  readings a progress report  of  the Stanford p r o j e c t "  

H. Levin and Joanna Williams (Ed.;.), Basic Studies or- Reading, 

1967, i n  p r e s s ,  

m 

74 



(Continued from Inside (rail cover1 

G .  H. Bower. Respoiise slreitgllis and choice probabilily: A considerallon of two comblnation rules. December 19, 1960. (In E. Nagel, P. Suppes, 
and A. Tarski (Eds.), Loqlc. Methodology and Philosophy of Science: R w e e d l n g s  01 \hc 1960 International Congress. S l a n l a d  Univ. Press, 

10t,2. I P ~ ~  4rc-412) 
G .  H .  Bwer.  Appllcalion of lhc all-or-none cotidilioniirg model to the learning of compound responses. June 7, 1961. 
p. Stlppes and M. Schhy-Rcy. Tesl of s o i i r  learning niodels for double conllngciil relnfacemciil. August 15, 1961. (Psychol. Rep,, 1962, 
P. Suppcs .iiid R. G i t i s b c r ~ .  A ftindaiileiilnl voperty of all-or-none niodels, bliioiiilal dlslrlbutlon of responses priw to condllloiilng, w i l h  

J .  T l i c i ~ ~ s .  A ltiree-sl.itu M d o v  model lor lenrning. Sepleiiiber 22, 1961. (Slniple coiidltionliig ar lwo-rta9eai~-G-i ione learning, -1. 

C .  H. Q w c r .  Gciier.il tlirec-stale M,irkov Icdrtiii ig iniodels. Scptciiiber 26, 1961. 
R. C. Alhiiisoii. A v.iridlile llircsliold tiiodel lor sigiidl detection. Noveiiiber 17, 1961. 
R. C. Alhliisoti. M.I~IICIII.I~IC~I iniodcls in  rcscarcli on pcrccptioii and learning. Dcceiiiber 25, 1961. (In M. H. Maru (Ed.), T h e a l o  III 
-- Cniileiiii~or.iry Psychology. Ncw York: M~lci i i l l lai i  Co., 1963. Pp. 551-564) 

P. Siippcs. Tow.irdr .I licliwiordl loiiiidatioii of iiulheiiiattcrl proofs, January 2, 1962, (In K.  Aiduklewicr (Ed.), The Foundailon, of 
St.itcliiciils .wI Dcclsioiis Procccdings of the liiternatloiial Colloqultiiii on Mcthodoloqy of Sciences, September 18-23, 1961. WarrzawA. 

P. Siiiiias ~ i n d  J.  L .  Ziiinei. Bdsic iiw.isurciiteiit theory. March 15, 1962. (Chapicr I In R. R. Bush, E. H. Galanler, and R.  D. Luce (Ed$ . ) ,  

R. C. Atkillson. E. C. Cartcrctlc, and R. A. Klnchla. S~sitenllal pherionwia In psychophysical iudpnientr: a t k o r e l i c a l  atialysis. Apri l  20, 

R. C. 41kiiisoii. A varlnble sei isl t lvl ly theory 01 rlpnal detecllon. May 18, 1962. (Psychol. Rev., 1963,2, 91-106) 
R. C. Atklnsuii aiid W. K. Ertcs.  SlIiiiu1iis sdnipliiip theory. July 1, 1962. (Chapter 10 In R. R .  Bush, G .  H. Galanler, and R. D. LUCC 

P. Supves, E. Crotherr, R .  Weir, and E. Traper. Some quanlltallve sludler of Russlan consonant phenonie dircririilnation. Sepleisber 14, 1962. 
R. C. Atkinson and R. C. Callee. Matlisiiiatical learning tlieory. January 2, 1963, (In 8. B. Wolnun (Ed.), Sclenttflc Prycholopt. New York. 

P. Siippes, E. Crotherr, mid R. Weir. Appllcatloii of iiiathmialical learnliig tliewy and I I i ~ ( ~ u I s l i c  analyrls l o  vow01 phonsirm m l c h i n g  in 

R.  C. Atkiiisoii, R. Calfso, C. Soniiiisr, W. Jeffrey and R. Shwniakor. A le11 of throo models fw stimulus compounding wlth children. January 29, 

E ,  Crotherr. Gctieral Markov iiiodell fa leariiinq with Inlcr-lrlill forgottlnp. April 8, 1963. 
J. L. Myers and R. C. Atkliiroir. Choice behaviorand reward rtruclurr.  May 24, 1963. W-&.=., 1964, 1, 170-203) 
R.  E. Robinson. A set-tlreorellcal apwoach to ontpirlcal imaanlnpfulnrsr of nwasureiiiwt staletiientr. June 10, 1963. 
E.  Crotherr, R. Weir and P. Palmer. The rot@ of traiiscrlptlon In the Ioamine of the wthographle rsprorentatisnr of Russian rounds, June 17, 1963. 
P. Siippcs. Prsblenir of optinilzation in loarnina a l is t  ef slmplc items. July 22,  1963. (In Maynard W. Shelly, 11 and Glonn L. Bryan (Eds.1, 

Hunun J u d p s y t s  and Qpti i i~~l i>. Now York: Wiley. 1964. Pp, 116-1261 
R. C. Alkiiiron and E. J.  Crothorc. Theacrical note: all-or-none loarning and intertrial forgetting. July 24, 1963. 
R .  C. Calfre. Lone-teria behavior of rats under prebabilistie reinfwcctilent schedules. Betober 1, 1963. 
R. C. Atkinson and €. J.  Crotherc. Tests of acquistLton and rotonlion, automs fer paired-associate learning. Bclober 25, 1963. I A  compartron 

W. J. McGill arid J ,  Gibber!. The wneral-gamma distribution and reaction times. November 20, 1963. (4. math. P6ychol., 1965 2, 1-18) 
M. F. Noriaan. Incremental learning on randsni trials, December 9, 1963. W_. math, Brychol,, 1964, 1, 336-351) 
B. Suppes. The developillelit of mathenlatical cOnCegt6 in children. February 25, 1964, (On the behavioral foundations of iilptlteiriditcal C O ~ C P O I S  

P .  Suppe6. Matheiwtical Coiieepl fwinatien in  ehildrsn, Bpi1 10, 1864. (-r, Psycholegisl, 1966, a, 139-1501 
I?. C. Calfee, R. e. 4tkinson. aiid T, Shelton, dr, Mathematical model6 for verbal learning, August 91. €964. (In N. Wiener arid J. P. Sclioda 

, t p p l ~ c ~ i t ~ o t i  to  ~ot icept  foriiialioii in  childreii. Sepleiiiber 20, 1961. (Psychol. Rev., 1963, 2, 139-161) 

Rcv., 1063, 70, 403-4171 

-- 

--- ------ 
PWN-PoliSli Sclet i t i f lC P i i l i l i ~ h C f S ,  1965. Pp. 327-341) 

H.indlionk 01 M.itIiciikiticaI Psyclrology, Vol. I, New Ywk. John Wlley, 1963) 

1962. (Insliliitc of Radio Eiiginccrr Traiisacllonr on lnformrllon Theory, 1962, %, S 155-162) 

--- 

IEds.), Haiidhook of Mathematical psycho lo^, Vol. 11. New York: Wlley, 1963) 

Bastc Books, h e . ,  1965. Pp. 254-2751 

Riissiaii words. Deccniber 28, 1962. 

1963. LJ. e*.-., 1964,x, 52-58) 

- 

of paired-associate leariiing niodel6 Iiaviiiq different acqui8ition and retention anioiits,_J. math. Psychal., 1964, 1, 285-315) 

Monographs of lhe Soaiely for Research in Child Developnwnt, 1965,3, 6Q-CJb) ------_- 

36 

37 
38 
39 

40 

41 
42 
43 

43 

45 

46 

47 
48 

49 
50 

51 

52 

53 
54 
55 
56 
57 

58 
59 
60 

bl  
bZ 
63 

64 
65 

66 

67 
68 

69 
70 

71 
72 

73 
74 
75 
76 
77 
78 
79 
80 

(Eds.) ,  C y @ w t i c s  of the N e r v a \ i ~  Sytyi P v a ~ p s  IF cain Research. Amsterdam. The Netherlands. Elsevier Publishing Co., 1965. 
Pp. 133-949) 

C. Keller, M. Cole, C, J. Burke, and W. K ,  Estes, Paired aswciate learning with differential rewards. Bugiist 20, 1964. (Reward and 

M. F. Norman, 4 prob?bilistic model for free-respsnding, December 14, 1964. 
W. K, Estes and #. A, f a y l a .  Visual deleElion in relation to display size and redundancy of cri t tcal elenrwits. January 25, 1965, Revised 

P .  Suppes and J, Donio. Foundation6 of ~liniu1116-6ai1ipling theory for conl inwtsd in ie  processes. February 9, 1965. 

iiiforniatioii values of trial outcome6 in paired associate learning. (Psychol. Monogr., 1965, 2, 1-21] 

7-1-65, (Perception and Psychophysics, 1966, 1, 9-16) 

R. e .  Atkinson and W .  A, Kinchla. A leafnine model for forced=choice detett lon experiments, February 10, 1965, (E?. J. tmath slat. PSYC~OI. ,  
1965,=, 184-2061 

E. J. Crothers. Presentallon orders f w  it8m6 froni different categories. March 10, 1965. 
P. §uppes, G. Groeii, and M, Sclilag-Bey. Soiiie niodelr for response latency in paired-associates learniiig, May 5 ,  1965. (J_. lrlatll. P O ~ C I I D ~ .  , 
1966,3, 99-128) 

M. V .  Cevine. The geiioralizatioii function in  the Rrobability learniiig experiment. June 3, 1965. 
0, Haiireii and 1. 5, Wodgers. An expioralion ef p6ycholinguislic i i i i i t s  in  ir i i l ial  reading. July 6, 1965. 
8. C. Arnold. A correlated urn-scheme for a continuum gf responses, July 20, 1965. 
C. l tawa and W. K. Ertes. Reinforceranl-te6t sequenEe6 in paired-associate learning. Aiigusl 1, 1965. 
5 .  L. Bleharl. Pattern discrimination learning wi lh  Rhesus monkeys. Seplember 1, 1965, 
J. L. Phil l ips and 8. C ,  Alkinsoii. The effects of display a w e  on short-lerni tmeinory. 4ugust 31, 1965. 
R. C .  ALkinsoii and R.  M. Shiffr in. Mathematical rnodels for nieiiiory and learntng. September 20, 1969. 
P. Suppes. The psychological fauiidalioiis ef imalhoniatics. October 25, 1965. 

IContiilued OII back cover) 



(Continued from inside back cover) 

P.  Suppes. Computer-assisted instruction in the schools: potentialities, poblents, prospects. October 29, 1965. 
R. A. Ktnchla, J. Townsend, J. Yellott ,  Jr., and R. C. Atkinson. Influence of correlated visual cues on audi tay signal detection. November 2, 

P. S l I p p e S ,  M. Jerrrim, a i d  C.  Crwn. Arithmetic dri l ls and review on a computer-based teletype. November 5, 1965. 
P. Suppes atid L .  Hytnati. Concept leariling with non-verbal geometrical stimuli. November 15, 1965. 
P. Holland. A variation on the niinitnuni chi-square test. November 18, 1965. 
P. Suppes, Accelerated program i t i  elementary-school mathematics -- the second year. November 22, 1965.. 
P. Loreweti mid F. Binford. Logic as a dialogical game. November 29,  1965. 
L .  Keller, W .  J. Thotiisoti, J. R. Tweedy, m d  R. C. Atkinson. The -6fects of reinforcement interval on the acquisition of paired-associate 

J. I .  Yellott ,  Jr. Some effects on noncontlngent success in human probability learning. December 15, 1965. 
P .  Sitppes aiid C. Croen. Soirie counting models for first-grade performance data on simple addition facts. January 14, 1966. 
P. Suppes. Inlorlitation processing and choice behavia. January 31, 1966. 
G. Croejl mid R. C. Atl i t ison. Models lor Optitiiizing the learning process. February 11, 1966. 
R .  C. Atkitison a id  0. Haiiseii. Computer-ass~sted instruction in init ial  reading: Stanford project. March 1 7 ,  1 9 6 6 .  
P. Sulipes. Probabilistic inference atid the concept of total evidence. March 2 3 ,  1966. 
P 5tiL)pes Tlie axiomatic nletliod iii Ihigh-school mathemallcs. April 1 2 ,  1966. 
R. C. Atkinsoti, J. W .  Erelsford, and R .  M .  Shlffr in. Multi-process tnodels lor memory with applications t o  a continuous peseii tat ioi i  

P Supper mid E Crotliers. Some reiiiarks oii stimiilus-respoiise theories of language learttii ig. Julie 1 2 ,  1966. 
R .  ElorL 

E .  Caltinioi). Tlie stalistIcaI delerniiiiation 0 1  I i i i g i i ~ s t i c  i t t i i ts .  July 1, 1 9 6 6 .  
P Suppcs,  L .  Hyniaii, arid M.  Jerman. Linear structural models for response aiid latency performance in arithmetic. July 2 9 ,  1 9 6 6 .  
J .  L ,  Youtiq. Effects of iiitervals between retiiforcements and test tr ials in paired-associate learning. August 1, 1 9 6 6 .  
H 4. W ~ l s o ~ i .  411 itivestiqatio1i 0 1  l inqi l is t ic  unit r i l e  it1 memory processes. Auqust 3, 1 9 6 6 .  
.I T .  Tcwtizetiil. Cliotcc Iieliavior 111 J cued-recogtittion task. August 8. 1 9 6 6 .  
W ,  H. Batclielder. 4 matlieniatical analysis of multi-level verbal learnitig. August 9, 1 9 6 6 .  
H 4. Tay lo r .  T l ie  observmg respoiise 111 a cued psychophysical task. August 10, 1966. 
R 

R. C. Atkitison atid R. M. Shiffrin. Some Two-process models fa memay. September 30, 1966. 
P .  Suppes arid C. llirke. Accelerated program i n  elementary-school mathcmtics--the third year. Januuy 30, 1 9 6 7 .  
P. Suppes and I .  Roseiitlial-Hili. Concept fatiiation by kindergarten children in a card-sorting task. February 27,  1967.  
R C Atkitisoil arid R M Shiffriti Huniaii nietiioly: a proposed system and i ts coiitrol processes March 21, 1 9 6 7  
Tlieodwe S .  Rodgers. Linguistic coiisideratiotis i t i  tlie design of the Stanford computer-based curriculum i n  in i t ia l  reading. June 1, 1 9 6 7  
Jack M .  Ktiutsoti. Spelling dri l ls usiiig a computer-assisted instructional system. June 3 0 ,  1 9 6 7 .  

1 9 6 5 .  (Perception and Psychophysics, 1966, 1, 6 7 - 7 3 )  

respoiirer. Oecetnher 10, 1963. 

l a r k .  Aurii 1 3 ,  I C t b .  

All-or-iione sdiprocesses III tlie leariiitig of coniplex sequetices. June 2 2 ,  1966. 

A, Bjork. Leartitiig arid short-term reteiitioii of paired associates i n  relation l o  specific sequeiices of interpresentatton intervals. August 1 1 ,  1966 

81  
.8 2 

9 1  

Y 8  
04 

l?(\ 
101 
1 0  
1 0 3  
134 
105  
106 

io7 
10R 
1 0 9  
110 
111 
112 


