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CHAPTER I

INTRODUCTION AND EACKGROUND OF PROBLEM

During the past few years we have seen an ever-increasing number
of books and articles reporting studies in which a digital computer
has been uvzed to control part cor all of the selection, sequencing and
evaluation of instructional materiasls or lesscns, and the students!
interactions with these lessons. In general, the term computer-
assisted-instruction (CAI) has gained widespread acceptance asg a
label to refer to an instructional procedure which utilizes a computer
in this capacity.

No attempt will.be made here to review all of the above-mentioned
literature on CAI, for it renges widely in terms of specificity of
curriculum materials used, educational development of students involved,
and in the scope of the instructional and learning processes studied.
The interested reader may obtain some sense of the diversity and extent
of this work through perusal of some of the following publications:
Couison, 1962; Glaser, 1965; Atkinson and Hansen, 1966; Suppes, Hyman,
and Jerman, 1966; Suppes, 1964; Suppes, 1967.

While much of the work cited above has consisted cof shori-term
laboratery studies, many universities are presently committed to the
study.of CAT on a long-term basis and in the context of a more normal
classroom gituation. Among these one finds the Universities of Illinois,
Texas, Pennsylvania State, Florida State, California at Santa Barbara

and Irvine, and Stanford.




At the latter school, the Institute for Mathematical Studieg in
the Social Sciences (IMSSS) has‘been developing over the lasgt four
years & working CAL system for regular clagsroom usage. This develop-
ment has used two distinet approaches, which Suppes (1966) refers to
as "tutorial systems" and “drill and practice systems.”

The tutorilal approzch to CAI uges the computer in the cé@acity
of "teacher" to present new materials as well as to control subsequent
student interactions-with them. In this capacity an attempt is being
made to teach reading and mathematics to primary-grade children in a
school in Fast Palo Alto. The camputér and elaborate terminal equip-
ment being used were developed especlally for thig purpose by IBM and
are located in a sepasrate, new bullding on the school grounds. A more
complete description of this project may be found in geveral publica-
tions (e.g., Atkinson and Hanseﬁ, 19663 Wilson and Aﬁkinsons‘l96?), The
important distinction is that a "tutorial"” CAIL system is designed to
approximate or simulate the teacher's normal role and therefore to
assume & principal role in the instructional process for part of each
school day.

In contrast, drill and practice systems are intended to supplement
the instruction which occurs in the classrocm. They are designed to
improvew—through rractice--the skills_and concepts which are introduced
by the classroom teacher. At the same time, this more limited objective
mekes it possible to usge gimpler., less expensive equipment.

Beginning in the fall éf 1965, CATL drill and practice programs
were initlated imn two different schools. In both cases a computer at

Stanford was hocked ﬁp by telephone lines to contrel teletypes located
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in the schools. In one schocl, fourth, fifth and sixth grade students
received daily drills in arithmetic (Suppes, Jerman, and Groen, 1965).
At the other school, sixth grade children were given daily drills in
spelling. Starting in the fall of 1966 this operation was expanded,
gnd currently computer-controlied drills are being given to approxi= -
mately 800 students in six schools in five différent local communities.
In addition, an elementary schocl in a remote area of Kentuéky hasg
been linked to the system, and 60 children there are receiving daily
Grills in arithmetic. This study made use of the equipment and stu-
dents in the school which has been invelved in drill and practice in

gpelling.

A General. Strategy for Research on Drill and Practice in Spelling.
It should be emphasized that the research to be reporited here ié a
gmall part of a total on-going investigation of the potential use and
value of CAT drill and practice systems. Hence, it would seem wise %o
outline briefly the general plan which hag been developed to explore
some of the prbblems in spelling. The strategy, as 1t has evolved, is
built on the following considerations.
(1) Relevant experimenital studies in the area of verbal learning and
spelling do not, for the most part, provide easlily interpretable informa--
tion which may be directly applied to the drill and practice routines
in spelling on CAI. Yor example, given the liferally hundreds of
gtudies which have been done on the effects of massed vs. distributed
practice on verbal learning, it is exceedingly difficult to decide Jjust
which of these findings are applicable when it comes to constructing
optimal drill routines for spelling. Rather, the principal value of
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the prior research lies in suggesting routines which may then be tested
in this new, applied situation.

(2) Relevant variables affecting the rate of learning in drills--once
identified--should be explored in a systematic manner through a series
of related, short-term studies.

(3) Because of their importence as suggested by earlier pllot studies
and experimentation, the first variables o be investigated will be:
{a) maessed and distributed practice on items; (b) session length

as it affects learning; (c) wvariation in method and portion of stim-
ulus presented; (d} overlearning and iis effect on retention of words.
(4) 'The program of rescarch, while directed toward the exploration

of the above-mentioned parameters, shall remain flexibie and free to
move -in new directions if intermediate findings so indicate.

The Use of Drills in Teaching Spelling and Thelr Possgiblie Relation-

ship to the Spelling Process. Even though there has been a large
amcunt of research on spelling and methods of teaching it, (see Horn,
1960, for a comprehensive review and bibliography), there appears to
have been little systematic work done cn the role of drills and memory
processes in spelling. This deficlency seems particularly unusual -
when one examines that research which has investigated the efficacy

" techniques for generating the spelling

of teaching “"rules" or "phonics
of a word (e.g., Sartorius, 1931; Getes, 1935; Beltramo, 1954;

Hahn, 1964). ‘These investigators report varying degrees of success
for their techniques of tezaching students the phonemic-graphemic regu-
larities in English spelling. They all, however, would seem fto agree
that the irregularities in the spelling of many English words place

severe limitations on this as an exclusive approach to spelling instruction.
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A recent study relating to this topic is reported by Hannaz, Hamna,
Hodges and Rudorf (1966).. Hanna ané his associates attempted to write
an algorithm for a computer program which would generate the correct
spelling of a word from the coded phonemes making up the word. Their
algorithm to specify the phonemlc-to-graphemic correspondences in
Engligh spelling is three pages in length, is dependent on the precise
dictionary pronunciation of the phconemes, and results in the correct
spelling of & word for only'fifty percent of the items attempted.

This comment is in no way intended as a criticism of thelr work;
nor is there any implication that knowledge of the gpelling 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 1f we had more precise information
concerning the spelling process itself. However, very 1little is
written, and even less seems to be known, about ﬁhe cognitive processes
which are involved in spelling a ﬁord. The Hanna study is one of
the few places one may find an explicit hypothesis concerning thé
characteristics of some of these processes. They propose that learning
tc spell is primarily a cognitive procegs, and like most learning can
be thought of as the building up of strategies or "programs' for organ-
izing and processing information. The good gpeller then is one who
somehow hag constructed an efficient and accurate cognitive program

for encoding oral speech patterns into their proper graphemic
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representaticons. They further recommend that these enééding strategies
are best taught inductiyely, allowing the chila ﬁo‘discofer.for”himself
that bagic structural propertieg underlie the spellings of many:Words,

Such information brocessiﬁg theories of learning and behavior
are currently quite populaf and will perhaps someday produce important
knowiedge and understanding. It should, however, be made clear that
from a “programming” point of view--to continue the analogy--one faces
scmething of a dilemms in congtructing a goéd spelleru An experilenced
computer programmer knows that it is often more efficientg and sometimes
necessary, in coming up with the correct-éolution to a éuestion, to
use the machine’s memory files rather than some genefal algorithm
to obtain héeded information. In this case, where the algorithm'-
produces only fifty percent corréct respbﬁses, it would seém'ébéoluteiy
essential. |

Tt should be noted here that the Hanna study does not conténa
that their particular algorithm in any way resembles the actual.cogni~
tive gtrategies which an individual uses in spelling a word. Indeed,
they would perhaps argue that the competent speller had developéd a
"program” which was much more complex and accurate than theirg., The
féllowing conceptualization of the spelling process represents an
abtempt to extend the information processing notion, but at the same
time to place grester emphasis on the fﬁnction of the memory capacliy
of the individual,

The spelling process could perhaps be thought of as-depending on
two parallel, interrelated memcry procésses or strategles for retrieval

of information stored in long-term memory. It is conjectured that the
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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
repre;éntation éf that word. Yor the mature, competent gpeller this
search seems to be exceedingly rapid and results in the almost instan-
taneous production of the correct orthography. The processing time
reguired 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 élgorithms for matching appfopriate grapheme

to phoneme,

Rather, the second Strategy would seem to be called into use mainly
when the word is unfamiliar and infreguently used, or when its excessive
length for some reason doeg not permit it to be stored ag a single
unit.. Often when this gtrategy 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 grapheﬁic.representations of words and sounds.

In addition, it would appeér likely that during the learning
phase of this spelling process, both of these retrieval stfategies
should be developed concurrently if We.wish tc meximize efficiency and
accuracy. Since the first strategy is dependent on the gize and accessi-
bility of the individual's well~learned word store,.an instructional
gystem which focused exclusively on teaching rules and phonemic-graphemic
regulgrities would seem to be inadequaté; We must also atﬁempt to
strengthen snd increase the individual's store of frequently-usged words
and their associated spelling. Hopefully, a drill and practice routine
using.a CAT system provides an gfficient_methgd of accomplishing this

objective. 7




While it is a matter of conjecturé how the associations between
words and thelr correct spellings are establisﬁed, it sééms plauéible
to think of them as being learned.in 8 maﬁner gimilar to ﬁhat in ﬁhiéh
a paired-associate item is acquired. If such an assumption is reason-
able, and the learning of the correct spelling of a ﬁord does in
some way resemble the learning of a ?aired~associate item, several
'potential regearch gquestlons are immediately apparent. One of the
more interesting was suggested in a recent arﬂicle by CGreeno (1964)
which reported a paired-assoclate experiment thet perhaps had iﬁplica—
tions for spelling.

Greeno compared two practice conditions in.which the repetitions
of some items were distributed in the normal sequence and othéré

were repzated on succesgsive trials. He found evidence indicating that

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

repreated immediatsly or vefy soon after a previous presentation. In
eddition, he found thét the distributed condition pfodueed more
learning than the massed condition, and argued that this result pro-
vided evidence for a digerimination theory of pasired-associate learning
as.oppoéed to a reinforcement or contiguity theory.

One could contend that learning to spell a word involves a
similar discrimination process. TFor example, suppose a child is called
on to spell the world "BOAT." Assume also thab 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 possibie
spellings-~-for example, BOT, BOTE, and BOAT. Now in oraer to spell
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the word correctly, he_must.iearﬁ to discriminate among severai-;and
in this case, reasonable--alﬁernaﬁives, Eventually we would hoperthat
he would eliminate the Wrong alternatives and assoclate just thei

- correct spelliing with the spokeﬁ word. o

If fhis description does resemble the process that actuaily
occurs in learning to spell a word, then we would expect tﬁat greater
learning Wouid occur when practice on unlearned words in a list ig dis-
tributed rather than massed.

Directly relevant to this problem are two unpublished studies
(Keller, 1966; Fishman, 1967) which were run using the same GAI system
used in this experiment. In his study, Keller presented words under
two conditions. Words in the first conditioﬁ, if missed, were correéfed
and the next item presented. Words.in the second condition wére nqt_
corrected immediately; rather, the student was informe& that he was
wrong énd'told to try aggain. 1If after the gecond try he still mis-
spelled the word, he was given the correct spelling and £old S0 copy
it. In spite of the greater time and fumber of practices which the
students had on the second conditicn words, the probability of a
correct respohsé on these was not significantly better than for those
-wofds.which were not repeated. It would sesm likely that one of the
principal reasons for this unusual finding was that the words were
too easy (ovérall probability of an error on the retention test was
less than ]_O%)° Thus the potential effects of the extra practice
on condition two words may have been obscured because most of the
gstudents éould easily learn the words they did not khoﬁ without the |

benefit of extra practice trisals.



Figshman'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 gix days. The
learning trials on four other groups of words were massed so that all
of the trialg for that group cccurred on the same day. She found that
the probability of a correct responge for the words in the massed
conditions was higher than those distributed during the trial sessgions,
but that on two-week retention tests the words learned under distributed
practice were remembered at a higher rate.

These studies indicate that we do not yet understand clearly the
effects of varying cur method of dealing with lncorrect responses, or
of the optimal routines for spacing practices on an item, The present
experiment wag designed to further explore both of these problems,

Explicitly, beoth Gresno's ani Keller's studies provide evidence
suggesting that the immediate repetition of error items will produce
minimsl lesrning on the repeated presentations of an item. AT the same
time, both Greeno's and Fishman's results indicate that distributed
spacing of practice trials on error itemsg would be superior. In this
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. If Greeno's
findings are applicable in this situation, then we might expect the
first twe conditions to preduce approximately equal learning, i.e.,
Imnediate repetition of an item would not greatly increase learning.
for that item. On the other hand, the spaced practice on ifems in
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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 gpelling process is the notion
. that as the maturing speller is sugmenting hig store of guickly-
retrievable words and acquiring strategies for generating the regularly-
spelled words, he must at the same time develop & third necessary skill.
No nmatter what combination of processes he may use to generate the
speliing of a word, he must make decisions as he progresses in his
response as (o the correctness of a particular spelliing, Presumably
upon completion of his response, 1f not before, he must decide whether
or not hig spelling can be matched with whatever internal representaticn
he may have of the word. In most cases the experienced speller will
be able to generste a response which in some way approximates the
correct spelling, but he may or may not fail when he trieé to make an
accurate assessment of the adequacy of his . answer.

The reasons for such & failure are difficult to specily exactly.
For example, = person might decide thet 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
strategles dependent on pheonemic-graphemic regularities. Most.important,
the decision process itself at the Juncture when one decides on the
correctnegs of the regponse may be ihadequate for several reagons.

For example, an individual may base his decision on something
other than a systematic attempt to matchrhis response with a correct

representation in his memory. He might, for instance, base his -deciszion
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on a generalized self—pefception that he is a "good" or "Ead” speller,
He could alsc be influenced by the immediate--and perhaps irrele%ant——
cdntext in which he is asked to respond. Thug, if he had.jusﬁ been
told he had misspelled three werds in a row, he would perhaps dlsplay
g bendency to decide that his next spelling also was wrong. |

| In spite of these and related problems, it was decided that this
decision process was such an important compenent of spelliﬁg behavior
that it weuld be interesting to obtain a measure of the student's
confidence in the correctness of his particuiar spelling of a word.
SBuch a measure, it was hoped, would provide partial answers to the
.following questions: (l) How accurate are elementary schoolrchildren

at assessing the correctnesé Qf their spelling?. and (2) Are they
capable of digeriminating subjective impressions of thelr accuracy into
several categofies? |
While & number of gtudies involving college-age students (e.g., Bern-

bach, 19663 Atkinson and Shiffrin, 1967) have reported obtaining a.
measure of a person's confidence in his response, we are.not gware of
any resea?ch uging this dependent variablé with elemgntary schéol
children.

Summary of Purposes of the Study.. To summarize briefly, the

principal purposegs of the study were twofold. First of all, we wished
to examine the effects of varying the number and spacing of repetitions
on error items to see how these factors ﬁould influencelthe rate of
learning of new gpelling words in a drill context. Therefore, words
were presented under one of thrge ponditions: _(l) no repetitign of
error items during a session; (2) immediazte repetition of error ltems;
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(3) repetition of error items after four other words had been pre-
sented, Our second major purpose was to test whether or not a student's
confidence in the correctness of his particular spelling of a word was
reliably related to his performance in spelling that word,

Qur overall general purpose was to continue the long-term investi-
gation of the feagibility of using & CAIL gsystem of drill and practice
as beoth a pedagogical and regearch tool. For example, specific problems
relating to programming, computer hardware, and data collection and
gtorage are not fully resolved. Similariy, questions concerning
coordination of effort between the university research team and the
public school staff are constantly arising. Studies such as this
will hopefully contribute valuable information leading to the eventual

solution of many of these issues.
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CHAPTER IT

DESTIGN AND EXPERIMENTAIL 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 students began the experiment,.but due to transfers to
other schocls, absenteeism, and related problemg, 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 majority of the students are non-
Caucasian. As measured on the Lorge-Thorndike Intelligence Test, the
mean I.Q, for those subjects who completed tle experiment was 893 the
range of scores was from 60 to 101, with only two subjects scoring
above 100. I% should be noted that this is & group-administered test
which is largely verbal in nature, and which almost certainly under-
egtimates the real ability of the sfudents.

In reading achievement the students also appear to be below
average, Using the Stanford Achisvement Tests 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 thelr actual sixth grade placement and well into the
bottom guartile of the national. averages.

A guestion may legitimately be raised as to why such an atypilcal
sample cf elementary school children was chosen for the study. First

of all, it was felt that in part the students' below-average achievement
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in school refilected the rcumulative effects of a lack of begic langusge-
arts skills which could perhaps be improved through the kind of drills
which CAT can provide., BSecondly, 1t wag hypothegized that the unique-
ness and newness of a CAIL system may be particularly motivating for a
group of students who are typically less interested in school achieve-
ment than their middle-class counterparts.

Equipment. The computer uged in this experiment is a modified
Digital Equipment Corporation FPDP-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 gharing basis. The time-sharing capa-
bility is made pdssible through the use of a high speed memory drum
which reads user programs in and cut of the computer's core memory
at a rapid rate.

The audic system which was used is made up of a small Westing-
house P-50 computer which controls twelve tape drives. Thig smaller
computer ig linked directly to the PDP-1 and is controlled by programs
running on the latter. Bach of the tape drives can randomly access
any desired segment of a continuous loop of magnebic tape in well
under two seconds. These tape loops are 2& inches in circumference,
gix incheg wide, and contain 128 separate tracks. On each track eight
one-gecond segmentg may be recorded and sccegged., Both the FDP-1 and
the sudio gystem were connected directly by telephone lines to the
terminal eguipment at the scheool.

The terminal equipment weg set up in a converted storeroom located
a short distance from the two classrooms. In the storeroom were
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located four student stations, each containing a standard Model;33
Teletype and a set of earphonesa Eachrstétion also contained an extra
audio"outlet go that a1l audio mességes couid be monitored without dig-
turbing the students as they proceeded through.a legson. To minimize
digtractions and ncise from other teleﬁybes, thege stations were
separated from each other by four-foot high room-dividers.

All four terminals were controlled by a single program on the
FDP-1; each student was.serviced seguentially in = round_robin cycle,
Due to the extremely rapid speed of the computer, the student received
the impression that he was getting "full-time" service, although
actually the computer devoted only a small fraction of its running
time ko any one individual.

- Preliminary Training and Orientation. In order to provide a

thérough introduction to the experimental procedures and to sccustom
the students to working on a teletype, an extensive orienfation and
training program was run during the fall of 1966. Also; since the
controlling computer program and part of the terminal équipment ha&
been added to the system in the late summer, it proved to be an
opportune time to correct some of the btechnical and hardware problems
which inevitably arise in the development of new CAI systems.

After meeting with the whole clags and explaining in general
terms the procedure to be followed on the spelling drillg, the experi-
menter and his assistant demonstrated-and explained the use of the
teletype and audio system to each student individﬁally éver_a two-week

period.
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During this introductory phasge all students were run on the same
list of ”easy” fourth grade words. The principal emphasis at thisg
time wasg in developing familiarity with the teletype keyboard and the
overall administrative procedures involved in leaving the classroom,
checking into the terminal room, adjusting the earphones, etc. To
abtempt was made to teach the students to use standard typing tech-
nigues; rather they were instructed and aided in finding the letters
on the keyboard and. encouraged to.be as accuraie as possible in thelr
typing. This latter consideration was especlally impertant since there
was no way for them to erase or correct a typing errcr, and the com-
puter program which evaluated their responses did not distinguish
between typing and other spelling errors.

After all the gtudents had had an oppqrtunity to go through
several practice sesslcong and were beginning to develop & reascnable
facility at finding and typing the letters, the idea of using confli-
dence ratings was introduced. Again the students were ingtructed
individually and given practice until they seemed to understand the
uge and meaning of the various ratings. From the time when the
gstudents were first introduced to the equipment up to this point where
they had learned to uge confidence ratings, four weeks had elapsed.

The criginal intention had been to begin the formal experiment
at the completion of the practice and training period. However, a
major hardware problem develeoped and the computer system was completely
inoperative for an extended period. ZRather than beginning the experi-
ment and having it interrupted at the mid-point by Chrigtmas vacatlion,

it was declded to use the time remaining until vacation to give the
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students further practice and work on word lists somewhat easier than
those which they would encounter in the experiment. The other pro-
cedures used in these practice sessions were identicai to those in
the experiment.

Word Belection. Careful study of the students' performance during

the early practice sessions, consultation with their teachers, and
their ability as exhibited on achievement tesis all indicated that our
original intention of using uniform lists of words for all students
was grossly inadequste and impractical because of the hetercgeneity of
the classes.

In deciding on the word list to be used in the experiment, four
criteria were used. {1) The words should have high frequency of
occurrence and:should be usefui iﬁ the students’ writing. (2) The
words should be appropriately difficult so that the student would
miss a minimum of 50% of the words on_his'first attempt at spellihg
them. (3) On the other hand, the words should be easy enough so that
by hie fifth time through a 1ist the student would spell at least
10 out of 12 of these words correctly. {4} The list length should be
such that a student could complete an entire drill ir a ten-minute
session.

To meet all of these criferia, it is obvicus that each student
would have to use completely individualized lists, specifically
 tailored to his ability and educational achlevement. While such
individualization of curriculum materials is perhaps an ultimate aim
of CAT, as a more realisfic compromise 1t was decided to use three

major lévels of word difficulty, to construct lists twelve words in
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length, and to attempt to place each student on that level which
would meximize his rate of learning during & ten-minute drill session.

Construction of Word Lists. The problem of constructing word

lists that are of similar difficulty is complex. Many factors--the
length of fthe word, the number of permissible variant spellings for
the phonemes in the word, and the fréquency of occurmencerdfétheword
in Englisgh--probably are important in determining spelling difficulty.
Individuals will also differ greatly in thelr language experience and
facility, so that a word which is easy for one student to spell might
be Imposgsibly hard for ancther.

Bearing all of these complicaticons in mind, it was declded to use

the New Towa Spelling Scale (Greene, 1954) as the source of an cbjective

measure of the difficulty of a word. This scale is the product of the
testing of some 238,000 pupils throughout the country in the early
1950's to determine what percentage of students at each grade level
could spell a word correctly, Uging this measure, the words for the
study wefe selected in the following manner.

First of all, three general poolg of words were formed by listing
alphabetically for each of three érade levels--4th, Sth and 6th grades—-

all of the words in the New Iowa Spelling Scale which were spelled

correctly by MO% to 50% of the studeﬁts in each of thege grades.

Then for each grade level, six ligts of twelve words were formed by
(l) randomly selecting six words at & time of egual difficulty from
the general grade-level pool, and (2) rendonly assigning each word to
one of the six lists. Using this procedure, the eighteen lists in

Appendix A were congtructed. It should be noted that the gix lists
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on each grade level are equivalent in range of difficulty and in the
number of words represented by any one percentage measure.

Agglignment of Ligt Levels and Experimental Conditlons. Upon com-

pletion of the congtruction of ﬁhe ligts as described aboxfe9 the 60
students were asgsigned to go through six liste on one of the three grade
levels. A student's assignment to a particular level was based on his
performance in the.practice gegsions and hig ablility as measured on

the achievement testg. The crifteris forimoving to a new iist within

a level were that the student either (1) spelied 10 out of 12 words

correctly on the first try on that item on a particuler day, or (2) hed

gone through the same list for five days without meeting the first
criterion.

| On all grade levels and word lists, the following dally presentation

procedures were used, For a particular student and twelve-item list,

four words were assigned to one of three conditions:

1. No Repetition (RO) Words in this condition were not
.repeated during the gesslon, regard-
less of the éorrectness of the subject's
response.

2. Jmmediate Repetition (Rl) Words in this condition which were
misspelled were repeated immediately.

3. Spaced Repetition (R4) Words in this condition which were mis-

| | spelled were repeated after the presen-
tation of four intervening iteméw B
Words were never presented more than twice in a_Seééiong go that if a

subject missed all of the words in Rl and Ri, he would have a maximum

20




0T 20 presentations for that session--eight of which would be repeti-
tiong of error items.

Words, conditions and subjects were balanced so that any particular
word wes always glven under RO to one-third of the subjects, Rl for
the second third, end under R4 for the remainder of the subjects. Table 1
summarizes the general experimental conditicns for all lists on all
grade levels. On thelyr appropriate grade level, subjects and words
were randomly assigned within this pattern, Since each student who
completed the experiment went through six lists, the total time for
the experiment for a particular student was & maximum of 30 school
days. The minimum time, of course, depended on how fast the student
learned the list, but it was seldom less than 20 school days.

Daily Operation During Experiment. A full-time moniter was on

duty whenever the children were using the teletypes. Her presence

was primarily a precautionary measure so that an adult was avallable

in case of an egquipment failure or other emergency. The actual check-in,
presentation and evaluation of the drill, and the sign-out were all
handled by the CAIL system and occurred as follows.

The student entered the room, sat down at a free terminzl, and
put on his earphenes. On the page-printer on the teletype he saw the
message, "Please type your number.' After he typed his identification
number and depressed the space bar--the latter opersastion was used as
a termination signael for all student responses--the computer then
locked wup this number in the student history section of the program,
determined what list the student was working on that day, randomly

permuted the order of presentation of the individual words on the
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TABLE I

General Pattern for Agsigning Conditlons

to Words and Subjects at Dach Grade Level

.Word No. Group 1 Group 2 Group 3
1 RO R1 Rh
2 R1 . Rb Rb
3 R4 . RO RL
b RO R1 Rh
5 Ri .RL; | .R,O,
6 RL RO Rl
T RO RL - Rl
8 R1 R4 RO
9 R4 RO R1
10 RO R1 RL
11 Rl R4 RO

|
12 R4 RO RL
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list, and positioned the tape on the audio system. Next it sent =

command to the teletype to print the student's neme, his 1list number,
and the date and time the sessicn was bteginning.

At this point the child heard over the esarphones the message, 'If
you hear the audic, please type an 'a' and a space," and at the same
time saw this same message printed on the page. I there were something
wrong with the audio system, he would call the monitor. Ordinarily
he proceeded by following the spoken directions, i.e., he typed an “
"a" and a space, and the lesson began.

To signal the student that a word was sbout to be presented, the
machine typed a dash (-). The audio system then presented a word, used
the word in a sentence, and then repeated the word again. As soon as
the audic track was through playing, the machine typed the number of
that particular item (1,2,3,etc.}. This was the student's signal to
begin his regponse. When.he finished typing his answer, he depressed
the space bar. The machine then waited for him to type one of

four numerals (1,2,3, or 4) as an indication of his degree of confidence

in his answer,

Attached to.each machine wag a small chart reminding the student
of the meaning of each confidence rating. The child was told to type
the number which identified the phrase most closely corregponding to
his feeling. The phrases were:

(1) Positive word is right
(2) Fairly sure word is right
(3) Fairly sure word is wrong

(4) Positive word is wrong
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| Immediately after receiving this‘numbér the cdmbﬁter evaluated
the student’s fesponéen If the student had responded correctly,lthe
teletype printed out after the stﬁdent's gpelling of the word:thé
message, '--C--", letting the student know he was right. If he was

wrong, it typed the message, "--X~-'", Followed by several gpaces and
a correct gpelling of the word. If for some reason the student had not
completed his response.after forty secoﬁds3 the machine typed out thé
message, "--TU--", meaning time is up. As on a wrong enswer this
megsage was followed by several spaceg and the correct spelling of the
word.

Following all incorrect or.timed-out responses; the student was
given six secdﬁds to study the correct angwer before the next item
was presented. On correct responses the stﬁdy time was three seconds.

| After proceeding through zll of the items on the list in a similar

fashion, the student received a priﬁted message , ”End;” followed by
his name, list number for the next session, the date and énding timé,
and the number of words he spelled correctly on the day's lesson.
Thege dally drills were collected by the monitor, snd at no.time during
the experiment was the student giveﬁ a copy of the words to study on
his own.

A Tlow chart summsrizing the presentation procedure may be found
in Figure 1.

Retention Tests., Retentlon tests on all words which an individual

had gone through were given cone week affer the entire gfoup had finished
their experimental runs. Since individuals varied in the number of
runs they had needed to reach critericn, this meant that the time

from the last run on a list until the retention test also varied.
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In the case of the first list the individual had studied in the experi-
ment, the retention interval was approximately six weéksu for-the

last list studied, the minimum intgrval was one week; the average
retention interval for the entire group and all lists was Just over
three weeks.

Retention tests were given in tﬁe same manner as the experimental
runs, with the exception that error items were not repeatedn. The
students were given immediate feedback about the corréctnesé-qf fheir
responses., |

Since time limitations prokibited testing a subject on all six
lists on the same day, the retention tests were divided into two parts.
Iists for Weeks 1-3 Wefe given on the first day, and lists for Weeks 4-6
were presented on the succeeding'dayo ,(Rather;upexpectedly, the fact
that these test sessions were somewhat longéf fhan é normal practice
session may have affected student performance édverseiyu This problem
will be discussed later in the Results Section.)

Data Collection. For every student response the Tollowing informa-

tion was transmitted tc the controlling computer program and stored

on disk memoxy: |

1. BSubject identification aumber

2. List.number

3. BRun number (i.e., was this the first, second, or nth time the
student had gone through the 1ist?)

L. Relative item number of'the'wordlfér'that session (i.e., was
word presented lst, 2nd, 3rd, etc.?) |

5, Tdentification mumber for the word
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8.

9.

10.

1L,

12,

Experimental condition number under which the word wag presented

Number indicating whether this was the lst or 2nd pregentation of
the word for that session.

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

Confidence rating

Time in hundredths of & second from the end of the audio message
to the first letter of the student response

Time in hundredthé of a second to the last letter of the student's
response .

Time from the completion of the response to the confidence rating

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

glgo retrievable from the dally lesson print-outs at the school. One

of the jobs of the monitor at the terminal site was to keep a daily

tally of the student performance; this information was then comparead

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

for checking accuracy.
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CHAPTER IIT

ANALYSIS OF EXPERIMENTAL RESULTS

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

ment was made somewhat complicated by the followling cbnsidérations:
(1) Eighteen of the original sixty students who began the study did
not go through all six ligts asg the original design had specified,
(2} Because of the criteria used to advsnce a student-to a new list,
the total number of rung for any one subject.varied considerably from
@erson to person.

The first problem of incomplete data may be handled in several
ways. The common goluticn to this dilemms seems to be, in most edu-
cational research, to use the data from onlylthose subjects completing
the entire experiment. From a purely statistical point of view this
appears to be a satigfactory procedure, so long as one ig very care-
ful about subsequent generalizations to the larger population.

In this experiment it was decided to examine the data in two
vhagses. First, the datas from all the subjects--whether or not they
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, subsgequent analyses
for the smaller group of subjects who completed the entlire 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 using the bth grade words, only 6 out of 19 students finished.
This high attrition rate in the lattér group was due to: (1) three
students ‘transferred to other scheools; (2) four students had to‘be
dropped for disciplinary reasons (e.g., refusal tc follow directions);
and (3) high rate of absenteeism.

€onsequently, for purposes of analysis the remaining subjects
were regrouped. into two groups, composed as follows:
(1) High Group -- 21 subjects, all of whom rsn on 6th grade words;
(2) Low Group -- 21 subjects, 15 ran on 5th grade words; 6 used

Lth grade words;

First Analysis--Total Errors to Criterion

The first major analysis was based on the total_number of errors a
subject made on g particular list from Run 2 up to and including the run
on which he reached the 10 out of 12 critericn--or had made five runs
.without reaching tﬁis criterion, Table 2 illustrates the basis for
computing the score for each Condition on each list. Errors on
repeat items for a run are not included in the scoring. As can be
seen, a student's score for a particular condition could range from
O errors to a maximum of 16 if he missed all the items for that
condition on every run.

A four-way analysis of variance for a mixed model with fixed and
random.effgcts was computed, using as the major dimensions: 2 Groups
(High and Low); 3 Conditions (RO, Rl, R4); 6 Weeks (1lst through 6th);
and 21 Individuals (per group).

The dimension lébeled Weeks is somewhat misleading, for all

individuals did not use six weeks to go through their lists.
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TABLE 2
Pogslible Number of Errors for Each

Condition and List on Runs 2 to 5

Condition RO o R ]
Run 2 L L L
Run 3 N : s L
Run 4 N L "
Run 5 Ty 3 -
- Total 16 B Y

The inclusion of this faction in the analysis was promptéd by inspection

of the total error datg (éee Figure 3ja The obgervable general decrease

in errors as subjects went through their lists suggested that a possi-

ble "learning-to-learn” effect was occurring. To test whether or

not this could be the case the Weeks dimension was included, and

represents the order in which‘a subject proceeded through his six

listg. Since ligt order was randomized, this decreaée in errors does

not reﬁrésent the level.of difficulty fof a particular list of ﬁords,
The complete results of this analysis, including the interac{:ioﬁsD

are pregented in Table 3. The efror term for cdmputing the F-ratios

for the three main effects (i.e., Groups, Conditions, and Weeks) is

not simply the regidual mean square., In thg cage of fhe Gfoup effect,

the error term was found by adding the sum of squares of Individuals,
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Analysis of Variance for Errors

TABLE 3

to Criterion

Sources of Degrees of Sums of Mean

Variation Freedom Squares Squares F-Ratio a.f. Probability
Individuals 20 1972.919 98.646

Groups 953.437 953,437 8.45 /40 p < .0L
Conditions 2 237.428 118.714 20.042 2/680 1 p < .00L
Weeks 5 262.202 52 .440 8.853 5/680 p < .00L
‘Individ. X Groups 20 2540.256 127.012

Individ. X Cond. Lo 191.960 4,799

Individ. X Weeks 100 1002.,269 10,022

Groups X Cond. 2 28.795 14,397 2.43 2/680 p < .10
Groups X Weeks 5 T1.506 14.301 2.414 5/680 p < .10
Cond. X Weeks 10 24 762 2476

Ind. X Groups X Cond.| U0 213.258 5.331

Ind. X Groups X Weeks | 100 1085 .626 10.856

Ind. X Cond. X Weeks | 200 783.511 3.917

Groups X Weeks X Condl 10 3h b7l 3447

Residual 200 751.125 3.755

Total 795 10153.534
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and the Group by Individuals interaction, and dividing by the total
degrees of freedom (i.e., 40). TFor the other two main effects, the
error term is the sum of the following interactions: (1) Groups by
Conditions; (2) Groups by Weeks; (3) Individuals by Groups by Conditions;
(4) Individuals by Groups by Weeks; (5) Individuals by Conditions by
Weeks; and (6) Residual; this total is then dlvided by the sum of the
degrees of freedom (i.e., 680). None of these intersctions are signifi-
cant or particularly interesting since they include variation due %o
expected individual differences. In any case, this egtimate of the
error term is certalnly conservative in the sense that it increases

the gize of the error varlance, and thus ig less likely to produce a
gignificant F-ratic for the main effects.

Group Differences., The significant difference (F = 8.45,

P < .0L) found between the Low and High groups was not surprising,
since the groups were sgelected on the bagis of thelr ability and were
rﬁn on different lists of words. The initisl hope had been that the
uge of harder words for the High group would serve to mske the tagk
equally difficult for this group as for the Low group. That The
experimenter was not successful in equalizing relative difficulty is
readily apparent in Flgure 2, which éhcws the overall learning rate
of the two groups as they proceeded over runs on a list.

Week Differences. A highly significant difference (F = 8.853,

P < .001l) was found for the Weeks effect. Inferestingly the Groups by
Weeks interaction approached significance (F = 2.41k, p < .10). This
differential effect of Weeks on the two groups--ag well as the overall

decrease in total errors~-msy be clearly seen in Figure 3. It should
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be recalled that this experiment was begun afier each subject had had
geveral weeks of orientation and training on the task. Evidently, the
complexity of the response demanded--involving as it does motoric skills
and memory processes--1ls such that factors other than knowledge of
specific words 1s being learned.

Condition Differences. The wvariation in aumber and spacing of

repetitions on error trials produced a significant difference (F = 20.042,
p < .001) between conditions. This difference is reflected in Figures

L and 5, which show the probability of a correct response on the first
try for all items over runs. Inspectiicn of these graphs does not make

it immediately clear if the significance found is due to the large
difference between RO (no repetiticn of error items) and the other two
conditions, ot if the apparent superiority of R4 over Rl is also
statistlcally significant.

Consequently, t-teste for dorrelated scores (McNemar, 1962) were
run to compare Rl (immediate repetition of an error item) and RM4
(repetition of sn error item after four intervening items), The results
gre summarized in.Table 4., As may be seen, these conditions do differ
significantly for the comblned groups and for the Iow group,.but not
for the High. This difference in the effect of the conditions on the
Low and High groups 1s also indicated in the interaction term (Group
by Condition) for the analysis of variance, which approaches signifi-
cance (F = 2,43, p < .10).

Analysis of Retention Test Scores

An analysis of wvariance for the number correct for retention test

scores was carried out employing the same model and dimensicns as those
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TABLE b4

T - Tests for Total Errors to Criterion

(R1L vs. R&)
Ceombined . Groups t251 = 3.1% P < .C0OL
High Group t125 = .,568 |not significant
L G = 3. .
ow Group t125 3.4 P < OQl

used for the total error analysis. However, since a subjJect went
through each list only once on the tegt, the possible range of scores
for each cell wag O to 4, the latter being the msximum he could have
correct for z perticular conditlon on one list.

The error terms used to test for significance were computed in
the manner described earlier. The results of this anaiysis are pre-
sented in Table 5.

Group Differences. Again, as might be expected, the test scores

for the two groups were significantly different (F = 9.91, p < .005).
As may be seen on Figure 6, the difference in the prebability of a
correct regponse for the two groups 1s approximately .10, When this
figure is compared with the initial probability of a correct response
on Run 1 (see Figure 2), i1t may be seen that the relative difference
between the two groups is approximately the same in both situations.

Week Differences. The Weeks dimension proved to be significantly

different, (F = 3.3%, p < .01l), but the type of trend previously

observed in Figure 3 is not evident here, Since the retention
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TABLE 5

Analysis of Variance for Retention Test Sceres

Sources of

Degrees of Sums of Mean
Variation Freedom Squares | Squares F-Ratio a.f. Probebility
Individuals 20 82.026 L, 101
Groups 61,713 6L.713 9.91 1/h0 p < .005
Conditions 5.923 2.961 3.187 2/680 p < .05
Weeks 15.518 3.103 3.3 5/680 < .01
Indiv. X Groups 20 166.952 8.347
Indiv. X Cond. Lo 38.521 0.963
Indiv. X Weeks 100 97.925 0.979
Groups X Cond. 2 2,166 1.083
Groups X Weeks 5 3.047 0.609
Cond. X Weeks ‘ 10 8.886 0.888
Ind. X Groups X Cond. { 40 51.. 166 1.279
Ind. X Groups X Weeks | 100 119.951 1,199
Tné. X Cond. X Weeks | 200 177.668 0.888
Groups X Cond. X Weeks{ 10 6.356 0.635
Residual | 200 146,642 0.733
Total 755 9u8.1469
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interval varied considerably for words in Week 1 compared with those in
Week 6, for example, one might have reasonsbly expected a general in-
creage in correct responses over the Weeks dimensicn. Figure 6, however,
seems to indicate that the varying retenftion interval did not produce any
easlly interpretable, systematic effects.

The dramatic difference between the 3rd and hth Week test scores
for both groups geemed rather unusgual until 1t wag reslized that this
difference may be primarily attributable to using the scores from retention
tegts given over a two-dey period and to using longer-than-normal sessions
for each subject's testing. Thus., the general slight downward trend for
Weeks 1 to 3, followed by the sharp rige on Week 4t and another dowﬁward
trend for the remaining weeks may well be due to some sorit of fatigue
factor operating within each of the two test sessions. Thlsg unfortunate
confounding of effects could have been avoided if the words had.been
randomized.over all six lists instead of merely within each 1ist. This
was not done because the experimenter assumed the increase in session
length would not affect the resulis so noticeably.

Condition Differences. The condition differencesg were gignificant

(F = 3.187, p < .05), but the magnitude of this difference was consider-
ably less than in the test for ftotal errors.

Table 6 presents the results of running a t-test for correlated
scores for the various condition combinations. It can be seen that the
main significance effects come principally from the Low group, and
invelve mainly the difference in retention bhetween no-repetition items
(RC) and those which were repeated (R1 and R4). However, it should be
noted that the trend observed in the first analysis of error scores is
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TABLE &
T - Tests for Condition Differences

on Retention Tests

Conditicns Low Group High Group
RO vs. R1 £ =186 | p< .10 £ = .81 ) BOY
125 ’ 125 ’ signif.
RO vs. Rl -2, u = 1.35) 2ot
0 vs t125 2.68 p < .01 t125 1.35 signif.
. . not _ 4 As] not
RL vs. Rb typg = -6 signif. bo5 = 1231 Signic

also found here (i.e., the probability of being correct is greatest for
" R4 followed by R1 and then RO)

Analysisg of Difference Scores

The scores for this analysis were computed by substracting a
subject’'s score (number correct) on Run 1 for a list from his score
on the retention tegt for that same 1ist. Since the maximum number
correct for each condition on a list is 4, the obtained difference
scores could range from -4 (if the subject hzad all of the words correct
on Run 1 and missed all of these items on the retention test) to +b
(if the subject missed 211 the items on Run 1 and had them all correct
on the retention test). Ualike the scores for total errors to criterion,
this difference score 1s not directly affected by the number of runs a
subJject might have had on a list.

The results of this analysis are found in Table 7. The only source
of varistion which was significant was that for Conditions (F = 3.51,

p < .05).
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TABLE

7

Analysis of Variance for Difference Scores

Sources of Degrees of Sumg of Mean 1
Variation jFresdom Squares Squares F-Ratio d.f. Probablility:
Individuals 20 55.740 2.787
Groups 1 0.89% 0.894 0.258 1/ho not signif.
Weeks 8.756 1.751 1.096 5/680 | not signif.
Conditions 2 12.835 6.417 4.018 2/680 | p < .05
Ind. X Groups 20 82,661 h,133
Ind. X Weeks 100 207.798 2.077 I
Ind. X Cond. 1O 51.052 " 1.276
Groups - X Weeks 15.820 3.164 1.981 5/680 | p < .10
Groups X Cond. 2 .65 0.322
Weeks X Cond. 10 9.608 0.960

" Ind. X Groups X Weeks | 100 217.290 2.172
!Ind. X Groups X Cond. 4o 66.465 1.661
éind, X Week X Cond. 200 251.835 1.259
éGrQups X Veeks X Cond. 10 12.211 1.221
IResidual 200 22)1..009 1.120
Total 755 1217.627




TABLE 8

T - Tests for Condition Differences

for Difference Scores

Conditions Low Group High Group

RO vs. RL | %y, = h.Ok p < .001 ©105 _ i?lSé 2§znifn
RO vs. Bk t1ps = 2231 D < .05 typg = 191 zgznifo
Rl VS”-RQ typ5 = 63 Eignifn to5 = 51 Eignifc

The ﬁhree condition differences were compared using L-tests for
correlated scores, and the resultslare spmﬁarized in Table 8.

As was the cage on the retention test scores, the effects of the
conditions éeem to be more pronounced fo; the Low group. The Gfoup oy
Condition interaction is not, however, significant (F = 4202, P < .90).

The iack of a significant difference between groups (r = .258,

.75 > p > .50) may at first glance seem unusual until one recalls that
what is being tested here is the Significancg of differences in gain
scores. If one looks, for example, at Figure 2; it is easy to see that
the overall gain in proportion correct fof the two groups is very similar.

The effect along the Wegks variable does not reach significance
(F = 1.096, ;5 >p > .25), although the Groups by Weeks interaction is
higher (F = 1.981, p < ulO)u The same criticism of possibleatténuation
of test scores because of test-session length may, of course, be leveled here.

Latency Dats

In order to insure that the latency to the response was

measured from the same beginning point,_thejstﬁdents.WEIe.explicitly
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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"
geconds elapsing from the time the iltem number was printed until the
subject struck the first key. The second reccrded latency was measured
from the game beginning point to the termination regponse (i.e,, depress~
ing the space bgr). The third latency was the Time from the termination
signal to the confidence rating.

This method of obtaining a uniform starting point for the latency
measures may mask real differences which exist in the needed processing
time for & particular word or condition. It shculd be reecalled that
each ltem ig pronounced three times, once in a sentence context and
twice alone. The total time for the audic 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 presentation period to
begin his recall or encoding of the proper response. On the other hand,
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.

Why then was the completion of the audic message used as the
starting point for latency meagureg? Perhaps, the gtudent should have
been allowed to respond as soon as he wag able; the first key he struck

ghould have terminated the audio, and the time from the beginning of
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the word presentation to the first key used as the latency measure.

This procedure was not followed for two reasons: (1) The lack of con-
gigtent hiéh fidelity and reliability in the transmission of audio
mesgages made 1t seem necessary to repeat the word to maximize accurate
perception of the item; and (2) the controlling computer program would
have had to have been modified extensively in crder to allow the student
to terminate the audic before its completion. Since there was little
evidence indicating that such a wodification was really necessary or

of great importance in this essentially explorative phase of the total
study, it was not made.

A11 of the latency dats reported in this section was averaged
separately for each individual; thus, each individual is welghted
equally in the overall means, and the slower~learning student is not
repregented dlsgproportionately simply because he took more runs to

learn a list.

Latencies for Correct and Error Responges. Figure T shows the
cverall difference in mean latencies bvetween correct and inceorrect
regponses for the combined groups. Thisg difference seems to be quite
congruent with mest of the experimental literature which generally
reporﬁs a higher latency for incorrect responses.

On Figure 8 the correct and error latencies are depictad as they
diminish over runs on a list. Again, such a difference was expected
and ig in keeping with genersl findings.

Latencies for Conditions. The latencies for each condition as

they changed over runs on a list is displayed in Figures 9 and 10.

Here the results are somewhat more amblguous, but in general the rather

46




small differences between latencies for the conditions probably reflects
the difference between the number of correct and incorrect responses in
each conditicn. For example, in Figure 10 for the Low group, where the
Rl and R4 latencies are quite consistently lower than RO, the latencies
for the former conditions may be interpreted as a result of the fact that
items in R1 and R4 are more likely to be correct.

Latencieg fto End of Regponse. Figure 11, which pregents the laten-

cles to the last letter of the response, is included as an example of the

information obtained from this measure. They toc seem to follow the trends

apparent in the latency to the first letter, and are quite in line with
one's intuitive expectations-=i.e., as the student learns the word better,
he can complete his response faster.

Confidence Rating Measures

Because of the great individual variations in the usge of confidence
rating categories, it is rather difficult toc report overall summary
statisticg for this measure which do not distort the results to scme
degree.

As with the earlier latency data, all mesns and freguencies wers
computed separately for each individual and the overall means calculated
from these averages.

The overall distribution of the use of the various confidence
ratings for the two groups can be seen in Figure 12. The overwheiming
tendency cf most gsubjects to be either positive they are right or posi-

tive they are wrong appears even more extreme if one inspects the

_individual distributions for each rating. Eere one observes that

approximately two-thirds of the subjects . used categories 2 and 3 less

than 5 percent of the time.
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The low usage of categorieg 2 and 3 by most gubjects does nosb,

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

the probabllity of a correci response given the various confidence
ratings. In this case alsc one may observe great indi#idual differ-
encesg in the accuracy of the ratings, 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
Pirst letter of the response is seen in Figure 1k, With thé possible
exceptlon of the latency for confldence rating 2 in the High group, the
latency measures seam to reflect the:expected rising uncertainty indi-
cated by the confidence rating.

Figure 15 represents the latencieg for. the confidence ratings
(iuen, the time from the termination signal to ﬁhé time the key for

the confidence rating measure was struck).
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CEAPTER IV

DISCUSSION OF EXPERIMENTAL RESULTS

Summary of Major Results

Analyses of variance were computed using the fcllowing major dimen-
sions: 3 Conditions.(RO, Ri, Ri); 2 Groups (High and Low); and Weeks
(1lst through 6th). Using this model, three sets of scores were analyzed:
(1) total errors to criterion or five times through each list; (2) total
correct on retentlcn tests; (3) difference in number correct on retention
test minus the number correct on the first time through a list. .In
addition,'t—tests were run to compare the difference in effécts between:
the varicus conditions.

Total Errors to Criterion. All three major dimensions were found

to be significantly different: Conditions (F = 20,042, p < .001);
Groups (F = 8.45, p < .01); Weeks (F = 8.85, p < .001).

T-tests comparing conditions Rl and R4 showed R4 to be signifi-
cantly supericr to Rl for the combined groups, (t = 3.19, p < .001)
and for the Low group (t = 3.42, p < .001), but not for the High group
(t = .568). |

Retention Test Scores. In this anslysis the three major dimensicns

were also significantly different: Conditions (F = 3.187, p < .05) ;
Groups (F = 9.91, p < .005); Weeks (F = 3.34, p < .01). |
T-tests for condition differences were significant beyond the .10
level in only two cases and for cnly the Low group: RO vs. Rl (t = 1.86,
p < .10), and RO vs. Rk (t = 2.68, p < .01).
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Difference Scores. TFor this analysis the only significant differ-

ence was found in the Conditions (F = 3.51, p < .05}, T-tests showed
glgnificance in two instances for only the Low group: RO vs. Rl
(t = h.ob, p < .001), and RO vs. Rh (t = 2,31, p < .05).

Group Differences

Our first two major analyses of the data (i.e., errors to criterion
and retention test scores) showed substantial differences between the
two groups in overall performance and suggested a.strong tendency for
the condition effects to be more proncunced in the Low group. Both of
these results raise interesting problems.

As was mentioned earlier, the attempt to equate the relative
difficulty of the words for the two groups was cobviously not success-
ful and i1s reflected in the lower error rate for the High group. In
itself, this failure was probably inevitable and not toc important.
However, this difference in difficulty may be a principal factor in
producing the differential effect of the experimental conditions on
the groups.

If one examines Figures L4 and 5, which give not only the overall
brobability of a correct response but alsc the size of the population
contributing to a particular run, the difference i1s clear. When the
N's on these graphs are converted to the actual number of students
still running on each day, one finds that on the average by the
3rd Run over half the individuals in the High group had reached cri-
terion, but that only 6 out of 21 had done so in the Low group. By
the 4th Run an average of 17 in the High group and only 11 in the
Low group had reached criterion. What this means is that a sizeable

number of people in the High group are finding the words relatively
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easy, and that only two or three trials are necessary to produce an
almost perfect score, It would seem likely that a possible difference
in the potential advantage of one condition over ancther would be
limited here by & "ceiling” effect on learning as a large proportion of
students in the High group reach criterion before five runs on a list.

Such an chservation does not, of course, rule cut the possibility
that the conditicas actually do affect the twe groups in ditfereat ways.
Further experiments should be able to provids some insight lnto this
problem by further increasing the difficulty level of items for the
High group.

Week Differences: lLearning-to-Learn

" Because of the extended training period preceding the actual start
of the experiment, it was nct originally expected that the groups would
display any significant improvement in performance as they moved through
thelr lists. That this expectation was unfounded seems Tairly clear
from the analysis and the general downward trend in errors seen in
Figure 3--at least for the High group. Althcugh fhe overall trend is
siﬁilar for the Low group, the unusual drop between the 3rd and hth
week is rather d@ifficult to explain, except to say that it can probably
be atiributed to the chance juxtapositicn of unusually hard lists In
the 3rd week followed by easier ones in week k.

- After puzzling over this apparent learning-tc-learn phenomenon
and woundsring now it could possibly be so potent at such a late stage
in training, it was belatedly recalled that the experiment was begun
a week affer the school's Christmas vacation. In effect, this meant-

that the students, except for a two-day "warm-up" period just prior to
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the actual first run in the experiment, had not had any practice for
over three weeks. Evidently, this layoff was sufficlent to cause them
to lose many of the skills necessary for the tasgk.

Condition Effects

The one result which was consistently found through all of the
analyses--and which may be clearly seen in Figure 4, for example--is
that repetition of error items produced greater learning. This result

would seem to contradict Greeno's and Keller's findings that immediate

repetition of an item did net produce much learning on the second pre-

sentation. It appears likely that the difference in the complexity of
response being learned in the present experiment, when compared with
that required in Greenc's paired-associate study (i.e., learning the
spelling of a word versus learning an arbitrary single digit response)
i sufficiently great that the extra immediate practice for spelling
was helpful. In Keller's study 1t should be noted that the experi-
mental procedure perhaps contributed to the apparent ineffecfiveness
of the immediate repetition of a word. When a child misgsed a word
for the first time in Keller's experiment, he was not given the
correct gpelling, but was merely told to try again. After the second
failure, the correct spelling was presented, and the child wasg told
to copy it. It would seem gquite possible that this copying response
would involve a minimum of cognitive activity, and hence would perhaps
not help the student in his future attempts fto recall the word.

In regard to distributed practice on error items, the results of
the present experiment are legs clear, but sgeem potentially more
interesting. The Rht condition (repetition after four intervening ltems)

was found to be consistently superior te Rl (immediate repetition),
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but the difference was often not significant. The important question
is whether or not this consistent frend represents an actual difference
between the effects of Rl and R4. Certainly in the analysis of total
errors to criterion and the accompanying t-test compearing R1 and Rb
(see Tables 3 and 4), the difference between these conditiong for the
Low group seems substantlal. However, the fact that none of the
snalyses produced a significant difference between Rl and R4 for the
High group indicates that we must be cautious in our inferences. While
it seems plausible that the relative ease with which the High group
learned the words may have acted to limit the potential réal differ-
ences between ccndition effects, we ¢an not be certain that this was
actually the case. Therefore in the fellowing discussion cur effort

to explain the consistent superiority of RY over Rl admittedly rests on
the agsumption that this difference in condition effects was not a |
chance phenomenon.

Any attempt to account for the possible superiority of R4 must of
necegsity be highly speculative. As a theoretical framework this
description will rely strongly oa the conceptualization of memory
processes proposed by Atkingon and Shiffrin (1967), élthough no
attempt will be made to apply thelr mathematical mcdels. |

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 ho idea if a word wag golng
to be repeated--either immediately or a few items later. (This state-
ment isg not strictly true after the fifst run on a list, for there was

the possibility that a subject would recall that a particular word
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wag or was not going to be repeated. Interviews with the subjects
at the cond¢lusion of the experiment, however, revealed that if such
recall was occurring, they were not awafe of it.}

It will be recalled that when a subject missed a word, he was
given the correct gpelling, followed by a six-second study interval
before the next item was presented. We ghall assume that during this
interval whatever Strategy the student uged to try to learn the word
vas not dependent on the condition. If one is not willing to accept
this assumpfion for all runsg, it certainly is valid for Run 1 on al
list.when the gsubject could not have any ldea as %o whiéh items would
be repeated. In any case, we would suggest that the difference in the
effects of the Rl and B4% conditions occurs as a resull of the differ-
ence 1ln the processes used to retrieve the words from memory whén they
are presented a second time. |

Ag an example, when an Rl word is missed, it is preseﬁted immediately
again at the end of the stuéy interval. ZRegardless of what strategies
the student may have.used to try to commif the word to memory during the
study period, an attempt to spell the word at this point would not seem
tb.neéessitate any search of long-term memory or any attempt on his
part'to reconstruct his original sfrategy@ A1l he needs to be able to
do is to keep in his short-term memery, for a pericd of 10 to 15 seconds,
the particular spelling he has just seen. He could seemingly accomplish
this simply by engagiﬁg in a serial rehearsal of the lefters.

On the other hand, the recall of an B4 word on the second presen-
tation during a run is more complex. He has in the interim between the
first and second presentation been activély engaged in learning and
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recalling other words. Thig activity would geem to preclude any possi-
Bility that he may have kept the word iﬁ short-term memory through a
rehearsal proccess. More likely, when calléd upon tec spell the word a
second time, he must attempt tc elther retrieve from long-term memory
whatever representation of the word he has stored there, or reconstruct
the gpelling of the word using the strategies he dévised eariier. The
retrieval process here must be much more gimilar to that which is ordi-
narily used in generating the spelling of a word than is the case in the
second try on an Rl word.

To summarize briefly, it 1ls being hypothesized that the superiorify
of the R4 condition perhaps can be accounted for in the kind of practice
it provides in retrieving a wofd from long-term memory; in contrast,
the Rl condition does not necessitate such practice since these words
can be recalled through z rehearsal process in short-term memory.

The validify of this hypothesis could perhaps be tested 1f one
intergperged a short interference activity after each study inbterval for
the words. This.should prevent reheafsal of the words in short—term
memory, If one then found that the superiority of R4 over Rl was dimin-
ighed, a stronger argument could be made that the difference lles in
the retrieval processes.

This particular interpretation of the experimental results is guite
éonsistent with the idea stemming from Greeno's study that distributed
practice would be superior because it provides training in discrimination.
In this éase one could speak of the R4t retrieval process as one which
constantly neceggitates digcriminstion amoné similar itemg in long-fterm

memory. This notion would perhape have greater validity 1f we gualified
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it by asserting that accurate spelling does seem finally to depend on

one's ability to make precise discriminaticns between réasonable alter-
natives; bﬁt this ability té discriminate in turn depends on the efficient
and accurate use of memory processes Lo retrieve these alternatives.

Retention Test Scores

Twe important questlons need to be discussed in relstion to the
retention tests, slthough in neither case are definiftive answers readily
obvious. The first question is concerned with the decresse on. the reten-
tion tests of the maghitude of the differences between condition effects;
this decrease may be observed in Figures 4 and 5, and in our analysis of
test scores. Although there is still a significant overell difference
between conditions, the effects are considerably reduced, and there is
né‘longer any significant difference between Rl and RL.

| Given the relatively few practice trials that a student had on a
word and the length of the retention interval, this decrezse is not
really surprising. What probably happened is that the subject forgot
many of the particular associational and retrieval strategies he had
developed and had only partially mastbered, and in the retention test
was forced to rely on his long-term gtore of well-learned words and his
ability to process words on the basis of the regularity of their
spelling.

The second question to be discussed relates to the possible diminu-
tion of retention test scores due to the session length. If this does
indeed account for thé unexpected findings displayed in Figure 6, then
it also underscores- the need for more research on optimum session

length for drills of this type. Perhaps such research would reveal
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that the length of the session itself is not the moét important variable,
tut rather thet the unexpected variation in the required time for a
éession produces adverse effects. On the other hana, it is alsoc possi-
ble that the type of active coﬁcentration and attention required in this
kind of task is such that brief sessions are best for maximizing the
rate of learning. |

Latency Data

One of the often-mentioned potentisl advantagss of CAT systemﬁ is
that machine control of stimulus presentaticon enables fhe experimenter
to collect latency data heretofore una%ailable to the educaticnal re-
searcher. There seems to be 1little doubf, as Suppes (1964) aséerts5 that
the relatively crude measures Ofllearning we usually use in educaticnal
research may often fail to uncover crucial and real differences between,
for example; two methods of teaching a mathematical conceps.

On the other hand; latency data may reveal little information
which is not obitainable from simpler dependent measures. The crucial
distinction perhaps lies in the subtlety of the behavioral change the
experimenter is trying to detect. Given that one is uncertain as to
the magnitude of change cne might reasonably expect from the experimeﬁtal
malipulations, the collection of responge latency data would seen .to
be warranted--especially if their collection is relatively inexpensive
and simple as it is in CAT. There is obviously no guarantee that such
aata will be any more infofmative—than other messures.

In this experiment it seems fairly cliear that.thé latency data
does not reveal important differences which ﬁeré not detected by the

correct/error measure. As was pointed out earlier, this failure may in
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part be due to the way the first latency was measured; or it could simply
be due to the fact that there were not any resl significant differences
in procegsing time required for the various conditions.

Nevertheless, the fact that the measured latenhciles in this experi-
ment didn't sgeem to disclose unexpected information, or that they were
primarily a means of confirming information gained from simpler dependent
measures, doeg not negate their potential value in CAI research..

Confidence Rating Measure

As was expected for reasons pointed out earlier, it is difficult to
interpret the results for this particular dependent measure. If one
lcoks simply at the overall summary statistics such ag those found in
Figure 13, it appears that the confidence ratings and the probability of
a correct respohse are related in an crderly, linear fashion. However,
the wide variation in individual accuracy and the low usage of categories
two and three would seem to place severe limitations cn the usefulness of
this particular measure--at least as it was obtained in this experiment,

'If a confidence rating measure is to be a valuable dependent
variable, then it would seem desirable that steps be taken to increase
individual accuracy and to encourage wider use of more than two cate-
geries. Perhaps this objective could be accomplished through some
sort of feedback to the individual as to the accuracy of his confidence
rating. (For example, see Phillips, Shiffrin and Atkinson, 1967). In
our experimental situstion there was no particular incentive for an
individual to try to maximize the accuracy of his rating or to usge all
of the categories, since the evaluation of his response was based

strictly on his spelling. But it is also possible that for students
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of this age group and ability that the degree of thelr uncertainty
or confidence is bipolar, and that they find it difficult tc make finer
discriminations.

From a pedagoglcal point of view there can bte little doubt that
children should be encouraged. to assess the accuracy of their spelling
of a word, and it seems likely that this decisicn process could be
improved through proper training. Further experimentation ip which
such training was a principal variable could possibly provide valuable
information.

It is alsc possible that other indirect measures than those employed
~would yield more precise knowledge as to the state of learning in the
individual., For example, it would be a relatively simple matter to
allow the student to start over when he felt he had made a mistake on a2
word., Some combinaticn of measures of the Time he took on the word-
and the number of re-starts he used might be highly informative.

In conclusion, it should be emphasized that the problem of trying
to obtain more sensiltive measures of leasrning is very ilmportant--particu-
larly to CAIL, The power of the computer to make decisions on cptimum
gelection and gequencing of materials will only be realized when, and
if, we are able to find the proper dependent measures which adequately

characterize the individual's current state of learning.
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Appendix A

The number after each of the words is the percentage of students on
that grede level who spelled the word correctly.

Source: New Towg Spelling Scale
4th Grade Level
List 1. Idst 2. List 3.
1. burned 4o 1. careless Lo 1, climbing 40
2. louder Lo 2. perhaps Lo 2. present ity
3. truth 41 3. wear b1 3. windy b1l
4. dresses h2 L, follow 42 k., heard 42
5. score L3 5. ‘tables i 5, tired b3
6. young il 6. church Ll 6. carpet W
7. lend 45 7. main L5 7. places I
8. +tore L6 8. trust 46 8., uncle hé
9 camel L7 9. began L7 9. blind 47
10. starting 48 10. thinking 48 10. tune L8
11, fresh 49 11, driving 49 11. drinking Lg
12 month 50 i2., higher 50 12. dinch 50
List L. List 5. List 6.

1. clothing Lo 1. fifty 4o 1. Jjoin 40
2. shirt 4o 2. printing 27! 2, speak 4o
3. arithmetic b1 3. coin 11 3. cotton 41
bk, dirom : 42 h. reward L2 4, oproud 42
5. together 43 5. until L3 5. twenty L3
6. escape L 6. everywhere Ul 6. leaving L
7. stairs h5 7. stuck 45 T. tiny Lg
8. wheel L6 8. sunny L6 8. writing U6
9. bought L7 . color W7 9. space 47
10. copy L8 10. %bottle 48 1C. yourself 48
11. blame Lo 11. bigger 4o 11. basket Lo
12 rule 50 12,  joke 50 12. queen 50
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List 7.

puzzle
complain
Tactory
human
seldom
rare
earned
towel
quit
circle
knock
ladies

List 10,

cottage
gelfish
figure
machine
dining
telephone
picture
cloudy
whose
flight
chief
steel

40
hi
o
42
L3
Wk
45
L6
k7

48

k9

40
L1
Yo
Yo
h3
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b
46

L8
49
50
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5th Grade Level

- List 8 .

harbor
theater
curve
ingist
vanish
peanut
coward
vacation
sailor .
sign '

. ralny
level

- List 11.

control
really
foolish
partiner
lying .
wilderness
quarter
explain
elect
kitchen
howling
taught.
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List 9

fields
swiftly
double
laughed
containg
protect
climbing
animai
using
elither
since
tried

List 12.

admit
guesticns
habit
rough
oranges
agreed
gshoulider
pencilis
nicest
velvet
interest
thrill

ho
L1
o
ho

Ly
45
hé
uy
L3
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List 13.

appointment

families.
operate
cruel
release

independent

breeze
elevator
natural
review
depth
importance

List 16.

cabinet
include
accept
lettuce
practice
Janitor
discovery

.chimney
entertain
rotten
division
loan

40
41
L2
43
Ly
45
L6
k7
48
k9
50
50
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Appendix A (cont.)

6th CGrade Level

Tist 1k,

astonigh

. fifteenth

planning
doubt
rescue
believe
carrying
furniture
pledge
length
deccorate
increase

List 17.

continued
injure
convince
rrivate
neither
nickel
gvoid
easlly
recess
national
energy
misical
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List 15.

barely
further
prompt
guilty
reflection
correction
condition
dentist
position
addition
direction
Junior

List 18.

exact
Journey
creature
fertune
nenory
meant
attention
blossom
search
caplitel
expecting
potato

Lo
41
L2
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