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COMPUTER-ASSTSTED INSTRUCTION IN INITTIAL READING%
R. C, Atkinson, J. D. Fletcher, E.J. Lindsay,
J. 0., Campbell, and A. Barr

Stanford University

The Stanford computer-assisted instruction (CAI)
program in initial reading has evolved during the last eight
years through use with children in grades K through.3. When
used with school classes for children who are below grade
levei in reading, this method of individualized instruction
has produced significant and consistent gains in reading
achiévement over what would be expected from classroom
instfﬁction alene, In this report we outline the basic.
elements of the program and discuss individualized
instruction based on  optimization procedures. Thése
procedures include optimal allocation of'instructional tiﬁe
among methods of reading instruction and among Studehts. We
also discuss methods for determining how many times a
student should study each curriculum item (word, phonetic
spelling pattern, etc.). The optimization procedures have
been reviewéd by Atkinson and Paulson (1972); Chant and
Atkinson (1973), and Atkinson (1968,1972a).

Initially, thg aim of the project was to implement a

complete CAI reading curriculum which would depend minimally'



on classroon activity. These sarly efforts were successful
(Atkinson 1967a,b; 1968; 1969; Atkinson and Hansen, 1966),
but it became clear that some aspects of reading instruction
are better left to the classroom teacher. One of the aims
of our research was to design, implement, and evaluate a .
low-cost CAI reading eurriculﬁm that would supplement normal
classroom instructionf

CAI is important in teaching_ reading because it
provides effective  individualized instrucfion, Our
interpretation of the literature on teaching children to
read 1is that when instruction is not individualized, method
variables account for a small percentage of the variance in_
reading achievemgnt. Much of our work is aimed at making
the teaching sequence sensitive on a moment-to-moment basis
to therstudept's unique history of performance.

The reading program is now used at  Brentwood
Elementary School in East Palo Alto, which is located a few
miles from Stanford Eniversityo The students receive CAI
reading instruction for approximately 15 minutes evéry
school day under the supervision of their teachers and a
proctor. Ianstruction begins after the student types "R" for
reading, an identification number, and his first name. The
program responds with the student's last name and
automatically transfers him to the point in the curricu;um

where he finished the last session. At the end of the




instructional period, the program terminates the session by
printing the words, letters, and phonetic elements the
student has most recently learned.

The curriculum and instructional procedures do not.
demand complex terminals; each reading terminal consists of
a fKSR‘Model 33"_teletypewriter and earphones with an audio
amplifier. There 1is no graphic or photographic capability
at the terminal, and the character set of the teletypewriter
includes only uppercase letters, The program is run_bn a
PDP-10 computer operated at the Institute for Mathematical
Studies in the Social Sciences (IMSSS) at Stanford
University, and the terminals are connected to the IMSSS
system by multiplexed telephone lines, The audio component
of the reading program is versatile, and employs digitized
representations of the vocabulary and commentary phrases
stored on magnetic disk, Any one of 6,000 words and
messages can be rapidly accessed.

The IMSSS computer system runs. other curriculums,
and sgerves users as far away as Washington, D.C., Florida,
Oklahoma, and Texas. Approximately 3,000 students receive
daily instruction in initial reading, arithmetic, logic,
computer programming languages, language arts, foreign

languages, and other curriculums on the system,



RATTONALE AND STRAND STRUCTURE

Learning to read can be divided into two basic tasks
often referred to as decoding and communication. For our.
purposes, decoding is defined as the rapid, if not
auﬁbmatic, association of phonemes or phoneme groups with
their respective graphic representations. Communication is-
defined as readiﬁg for meaning, aesthetic enjoyment,
emphasis, and the like, The Stanford CAI reading pfogram
pfovides " instruction in both types of skills but focuses
.priﬁarily on decoding.

The reading program is divided dinte the following

eight parts or strands:

Strand Skill taught

0 Use of teletypewriter
I Letter identification
I1 Sight—word recognition
.III Spelling patterns
v Phonics
v Spelling
VI Word comprehension

VII Sentence comprehension




Each strand, with the exception of Strand 0, has been
designed to provide practice on a particular decoding or.
communication skill, In any session the student may study
curriculum items from any or all strands; the amount of time
spent in each strand is selected to maximize his progression
through the curriculum, In other words, the instructional.
time is distributed optimally among the various forms of
‘reading instructien. A, description of the instructional
ﬁrocess of each strand and a description of the procedure
-for allocating -instructional time ameng the strands ére1
presented later.
As shown in Figure 1, entry into- a strand isf_
determined by the student's level of achievement in ﬁhe
Vother:strands; If the student has noe CAI experience, his
instruction begins in -Strand 0 which teaches the skills
_tequired.te interact with the program. Once strand 0 has' 
been mastered, the student begins Strand I, which teaches
the alphabet. When he has learned . a subset of letters wused.
in. the earliest sight words of Strand II, he begins Strand
IT. Entry.into.the other strands is similarly defined but.
also involves maximum rate contours that are represented by
the vertical dashed lines in Figure 1. Use of .the contours
is discussed later.
In each strand the student studies a cutrriculum item

in two or three exercise formats; the most common formats
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are copy, recognition, and vrecall. The instructional
procedure varies from one exercise to the next, but in each
a curriculum item is presented, a response {(or response
sequence} 1s elicited' from the student, and feedback is
given. For example, the recognition exercise in Strand IIT

"has the following format;

Teletype Display Audio Message

BIKE LIKE STRIKE Type STRIKE

Three words with similar spelling patterns are presented on
the téietypewriter, followed by an au&io presentatioﬁ of one
of the words. Contrel is then turned over to the .stgdent;
if- he types the ecorrect response, a '"+" 'isr_printed
indicéting to the stq@ent that he was correct; in addition
"the audio may give a reinforcing message such as "great" or
"0.K." Whether or not there is to be a reinforeing audio.
message is decided probabilistically, If the student
responds.incorrectly or exceeds the allotted .time, the
program prints the correct word simultanequsly with its
audio presentation. Associated with each exeréise _is .aa
performance criterion that must be met before the student
branches to the next exercise.

Figure 2 illustrates the procedure 1in each strand

for deciding which item the student is to study and in which
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Figure 2. Flow diagram for presentation of curriculum items.



‘exercise format it will be presented., The process shown 1is
commerr to all strands except that Strand II has additional

provisions  for review and pretest. The procedure 1is.

. conceptualized as. . a . flow process whose components are a a

list of items, a working pool of ditems, and instructional
exercises. Items wused din -a strand are listed in the
curriculum and at any one time a small subset from the full
‘list is selected to form a working pool: for for the
student's‘studyn Generally six ltems are in  the working
pool, but this number varies. somewhat from strand to-strand.
The items the student is to study. are sampled at.
random (without vreplacement) from the working pool and are:
presented to the student in one., of  the exercise formats,
The. sampling continues until each item in.the working pool
has been presented. When this occurs, a decision is made to
shift the student ts another strand, to sign the student off
depending on how much time he has spent in the current CAI.
session, or to replace those items in the working peol which
tﬁe student has cﬁmpleted; (brought - te criterion) and to
continue in fhe @urrent strand.
| Each item in the working.pool‘is consi&ered to be in
a particular instructionalr.ééate .that determines the,
exercise in which the item ﬁill be presented. The - péssible
instructional states are designated as ST’ Sz,;u., Sn’

corresponding to the 1st, 2nd,..., nth exercises. The first



time an item is drawn from the working pool it is in state 1
" and is presented in the format of the first exercise. When
the student passes the first-exercise criterion for that
i;em, its instructional state is updated to 82. The next
presentation of the. item d1ig- in the format of the second.
exercise, When the student passes the last-exercise
~criterion for an item, it is completed and replaced in the
- working pool by a new item from the curriculum list. At .any
Logiven _time, the working pool will consist of items that are
-:in .various iInstructional. states.

Strands II and IV have been emphasized in our recent
“‘research, and consequently will be described in considerable

- detail in the next two sections.

STRAND TIT: SIGHT WORD. RECOGNITION

-

The objective:of Strand II is to teach a sight-word
vocabulary., The strand uses a. vocabulary of7700 words
presented in a sequence of dncreasing difficulty. The
vocabulafy liét was selected and organized on the basis of a
detailed analysis of several -reading texts as well as
.sightvword lists (Atkinson and Fletcher, 1972),

The structure of Strand II, as shown in Figure 3,
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number between 0 and 1.



follows the, flow process presented. earlier. with two
additions: a pretest that allows students teo skip words
they already know, and a review option for words that
require further study. Figure 3a illustrates how an item is
sequenced, through the five possible instructional formats;
Figure 2b shows the procedure- for replacing words the,
student has completed with words from either the curriculum

list or review pool.

Exercise Formats

In Strand II there arg;five exercises each utilizing
either the. copy or recognition formats.  Exercise 1 (the
pretesp) uses, the recognition format, Exercises 2 and 3
(the main part.of the straﬁd)_ﬁse the copy ana recognition
formats, respectively. If review d1is needed .the;-student
studies the word again din. the copy and recognition formats
with lower criferia. These review  presentatiens: are
designated as Exercises 4 an@ 5. Examples of the exercises’
are shown in.Figure 4. Note. that when the student makes an
error, the correct answer is then typed by the cqmputer.f In
an earlier version of the program the student., was required
to copy the correct answer follewing an.error; experimental
work, however, demonstrated that this additional step did

not facilitate learning (Atkinson, 1967b).-
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Strand II: Sight-word vocabulary exercises.
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-FIOW'Eg_Wbrds in Strand IT

‘At -any -‘given time six words are in the working pool,
- each in one of five instructional states. The student is

.pretested (Exercise 1) on a word the first: time it is

-+ sampled from -the working poel in erder to eliminate words

"-.already known. If he knows the word, he will pass criterion

“for the pretest and the word will be dropped. from the
- working pool. If the student does not pass the pretest, he
-studies the word first in Exercise 2 and then in Exercise 3;
if review is required he studies the word again in Exercises
4 and 5, -

The review = scheme provides a simple means  of
~individualizing instruction with respect to the need to
review a given item., The scheme is based on experimental
evidence reported by Atkinsen and Shiffrin (1968) and
Atkinson (1972b). This evidence indicates that a word _is
more likely to be rememberea-if it is learned in reiafively
few éttempts. As shown in Figure 3a, a wﬁrd in state 3 is
placed in the review.pool with ifs state updated to S4 if
N/K is greater than C, The variable K is the cfiterion. for
Exercise 3 and.N is the number- of presentations the student
required to reach cfiterion‘on Exercise 3;.C is an érbitfary
constant. By using the results of testé given periodicélly
during the year, the effectiveness of the review scheme can

be evaluated and C adjusted appropriately.
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The student studies review words if the decision is
made to transfer words from. the review pool to the working
pool. At present, if there are five words or fewer in  the
"veview pool, the mnext word to enter the working pool is
samﬁled from the list of new words. If there are 15 words
-or more in the review pool, then the word is sampled from
" the review pooi; if there are 5 or less the word is. sampled
from the curriculum list; otherwise, the word is sampled
from either with probability 1/2. The first time a . review
“word is sampled from the working pool it is in state 4, and
the student studies the word in Exercise 4, When he passes
ceriterion for'Exercise 4, the state is updated to SS' When

the student passes criterion for exercise 5, the word is

»- completed.

Inaividualizing Instruction in Strand IT
| In iﬁdividualizing.the flow of words in Strand iI,
the criterion for exercises ofﬁer than the pretest_dépends
_upon student ability and  the difficulty of a given word.
'_ The ability factor, o, , of the ith student is defined as
the proéortion of wréng resﬁonées, over all the wordé on
. whicﬁ ﬁhe student has been pretested. This éan be written
as | - |

Wl
Y TETIEE
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-where C' and W' are the number of correct  and vincorrect
responses glven. on the pretest by the ith student (summed
over all words he has seen). Similarly, the difficulty of
the jth word in the:.curriculum, Sj,_is:definedras-

w"
50 W

.sheie ¢" and W" ere' tﬁe' number . correct Iend 1ncorrect
| responsas,‘ respectively, .te: the'fgth word summed over all
.students wﬁo have ever run.on the currlculum. The- program
automatically updates student ability and Word dlfflculty
factars on a. dally basis. | - 7
J_‘The crlterlon of each exercise is defined in terms
:of student ability and, word difflculty, s0 that a better
.stu&ent stﬁdies eech-ﬁotd. fewer tlmes, end .each student
jstedies difficult"wordse.more, times;-. In specifying the

criterion Yij for student i on word j, the equation

- . 5, +
Yi.J A, +D 1 1
is used. The parameters A and D afe, arbitrary constants
~that weight the dimportance of the ability and difficulty
factors, respectively. Since. the criterion must. be an,

integer, Yij must be transformed. A simple transformation
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¢ would be to take the nearest integer, in which case  the
criteria would increase in discrete step5~as‘Yij.increases.
“We chose  idinstead  to calculate the criterion
;probabilistically,'thus letting the expected (average) value
of the criterion increase linearly as Yij increases.

The objective of Strand II is to maximize the number
of words completed over a given number of trials and at the
~ same timg maintain a high level of learning. Obviously the
'éﬁfénd can _be‘ degigned_‘to aliow aimost e&ery wadhto‘be
'héompleted in 5 minimal nﬁmber of triéls.éimply by aecréééing
. __t:hewre:.y'.xired .rcr'i“té_ripn for each c-axerc:.is.é. .Tﬁ.is ﬁfocedﬁfe,
.ﬁowever, ddes nét maxiﬁize iearning; On.ﬁhe dthér.hand; if
the qriterioq is set too high, thén é wor&‘willscoﬁtinue to
‘bé presented afﬁer mastéry; tﬁereby usiﬁg v#lﬁable time,
fhus, oﬁe of the proﬁiems in ﬁéximiéing ﬁhe.effeétiﬁeness of

Sfrand IT is to defermine optimal wvalues fér ‘the -various
criteria.. I£ the criteria for thé exeréises érg adjuéted
properly, there will be maximal flow df words through the

strand for a predetermined level of learning.

STRAND IV: PHONICS

The objective of Strand IV is to help : the student
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identify printed patterns of vowels and consonants that bear

‘tregular cor—- respondences to phonemes. The strand  uses a
~data ‘base of four categories of spelling patterns, each of
which is divided into sub- categories according to vowels.
-The student studies a specific spelling pattern of one vowel
subcategory until he meets criterion and then is transferred
to another subcategory.

Many phonics-oriented curriculums present spellipg
patterns only implicitly, that is within wqrds, such as CAB,
TAB,\ and SLAB, Moreover,--'many readiﬁg”” éurriculums
géncéntrate on final consonant_speliing pattérns, sﬁch.as

 fAB, -AN, or -AT and exclude initéal patterns such .as .CA—,
TA—,_land SLA~, Strand IV is uniéﬁé in that it presents
patterns not only embedded in-words.but aléé by ‘fhemselves.
”_Further, the strand presents ipitial.éeﬁsénant pattérhs as

well as final consonant patterns.

Spelling Pattern_Categories

The_sﬁelliﬁg patterns in-the‘curridulum are grouped
into the four categorieé -ve, CV-, ;VVC, énd CVV~, where V
ﬁESignates. any vowel and C designates | one or. more
consonants. The dash indicates-that.one or moré consonants
‘are needed to fofm a worﬁ and are supplied either by .the

~ student or by the program depending on the exercise., Each
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- of the categories is divided into subcategories according to
- vowels, For example, category CV- consists of subcategories
+.Ca-, Ce-, Ci-, Co-, and Cu-. Table 1 shows examples of
.words that incorporate  the different spelling patterns.

- Note that category -VC also includes the spelling patterns

~VC£, where ¢ denotes a silent e at the end of a word.

Exercise Formats

Strand v prov1des the student w1th practlce' in

three exercise formats, the student is requlred to recognlze
the spelllng patterns themselves (Exerclse 1), to recognlze
: words that use them (Exerc1se 2), and to build a word from

"the spelling patterns (Exercise 3). In. each exercise the

student is presented with both audio and visual stimuli and

is esked"via audio to respond. The feedback procednre is

the same as in other strands and is shown in Figure 5.

Branchlng Between Categories and Subcategorles

The student studies spelling patterns from only one

subcategory at a time. Each item is successively presented

in the three exercise formats following the procedure
illustrated in Figure 2. When the requisite number of items
within a subcategory have passed the criterion for Exercise

'3, a .decision is made to determine 'Which'category and
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Table 1

Examples of Spelling Patterns Used in Strand IV (Phonics)

Category Subcategory Examples
-aC ‘ RAN MAN - VAN
-yC -iC FISH WISE DISH
-iC¥ QUITE KITE WHITE
Ci- TRICK TRIP TRIM
V- Ca- ~ DAD DAMP  DASH
-eaC SEAT  MEAT TREAT
-Vve -ieC IIED  FRIED DIED
Coo- ROOF  ROOT  ROOM
CVV-

Cee- FEET FEEL.  FEED
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Teletypewriter - Audio

Digplay_ _'Mbssage
' The program _ (Type /16/
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The progrsm . _ . (Type /IT/
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The program oo
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The program (T JIN/
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typing: . IN
The program
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(a) RECOGNITION OF PHONETIC SPELLING PATTERNS

- Fig. Ba; Strand IV; Phonies exercises.

(continued)
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Strand IV: Phonics exercises.
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subcategory the student will study next.

The student begins in category -VC, and when the
criterion is met, he is transféffed to one of the categories
CV-, -VVC, or CVV- with probability p,, pé, or p,,
respectivély, or is retained in category -VC with
probability Pq- This procedure is illustrated in Figure 6.
As the figure shows, the student always transfers back to
category -VC when he finishes one of the other categories.

Branching between vowel subcategories within each
category occurs in a round robin fashion. Suppose the
student has ﬁet.the criterion for subcategories -aC and -eC
within category -VC. When he returns to categorﬁ —VC,‘after
studying other categories, he enters at subcategory -iC.
The branching scheme as illustrated in Figure 6 emphﬁsizes
the -VC category. At present, p, = 1/2, which means the
student studies items in the -VC category for 2/3 of the
total Instructional time. allocated to Strand IV, This
emphasis reflects the results of a study by Flétcher_(1973)
in which practice with final consonant spelling: patterns
(-VC) was shown to produce better performance tﬁan'practice

with initial consonant spelling patterns (CV-).
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Fig, 6, Branching between vowel subcategories in Strand IV.
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OTHER STRANDS
The other strands in the reading program provide the
student with additionmal  practice on decoding and

communication skills, A brief explanation of these strands

follows.

Strand I: Letter_Recognition

After mastering skills required for infepaction with
the program, the stqdent begins'.Strand I which:provides
practice iﬁ copying,.récognition, éﬁd fécall of the . letters
in the -alphabet. The dnitial pass through'the'élphabet
preéents the letters in méximally contrasting grqupsl (for
example, RT0); the second pass presents the 1ettérs in

minimally contrasting groups (for example, MNW).

Strand III: Spelling Patterns

Strand III provides practice with ZEnglish spelling
patterns and emphasizes regular grapheme-phoneme
correspondences that occur im English. The strand flow
structure is very similar to that shown in Figure 2 and uses
recognition and recall exercises. Figure 7 illustrates the

exercises used din Strand III, - The curriculum items are
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monosyllabic words grouped in sets of three that emphasize a

single spelling pattern such as MUST, CRUST, and TRUST.

Strand V: Spelling

In this strand the student is required to spell a
woxd witﬁpﬁt seeing it, but thg éﬁqd§ prdc;aure differs from
the recall exercise in Strand III; if the student spells the -
word correétiy the first tiﬁe, the-wbrd is.completed; ’ff"ﬁe
spells it incorrectly the word is presented succes§i§i§.iin 
the copy exercise format until he copies it correétiy'at
which point it is returned to the working = pool. Whénri¥hen
word is presented again, the student_will be required to
spell it withéﬁt seeing -it. The vocabulary consists
primarily of short orthographically regular words £hat(thq

student has already completed in Strands II and III.

Strand VI: Comprehension of Words

Strand VI emphasizes - a word's semantic category.
The student is asked to- select the one word of those
displayed that is a member of a given semantic category such
as an animal, a color, or a person., Twenty two categories
are used by the strand, allowing a fairly large vocabulary.
The single exercise format used in Strand VI is illustrated

in Figure 8,

Strand VII: Comprehension of Sentences

In this strand the student is required to complete a
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sentence by selecting one of three words, two that are
distractors, and cne that -cerrectly completes the sentence,
One distractor is either semantically or ' syntactically
incéfféé#; and the other is unaccéﬁtabie' béth” semantically
'"-aﬁd' SyntaéﬁiCally. The single exercise format use& in’

Strand VII is illustrated in Figure 9.

ALLOCATION OF INSTRUCTIONAL TIME AMONG STRANDS

The student progresseénfhrougﬁ:thé'étf;ﬁds as shown =
in Figure 2. The dotted“verfical.lines feﬁfesent maximal
rate contours that control the student's progress in each '
strand relative to his progress in the other strands. fﬁe;"
Lassumption_that underlies use ‘afd the contours is ”that
Jearning particular items in éne strand facilitates learning
particular items in ancther strand; thus the .contours are
constructed se that the student learns specific items from
one strand in conjunction with specific items £from other
strands, For example, - consider a student who is studying
Strands TI, ITII, and IV, and where the contours are defined
se that he is expected to have learned 80 words, 15 spelling
patterns, and 10 phonic items by the time he reaches conteur

5. Suppoese, however, that the student learms the 10 phonic
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items before Ee learns the 80 words and 15 ‘ééeliing
patterns. In 'this' case, the Studéntis.total time in the
next instructional session is divided betweeﬁ'strands II and
'fIIIQ ‘and fhe strand ‘farthést from éontdur.s feéeiveé:the
most time, In general, a student receives an amount of time
in each strand proportional to the number of items yet to be
completed in that stfand-before he reaches the next contour.
Chéﬁt “and Atkinson (1973) discussed din more detaii the
‘allocation of inétructionélq ﬁime .émohg - intéfdebendent
‘strands and provided a theoretical ratioﬁale fof:use of

‘maximal rate contours.

ALLOCATION OF INSTRUCTIONAL TIME AMONG STUDENTS

The effectiveness of the CAT prégram ;an also be
increased by optimally allocating instructional time among
students. Suppose that a school has budgeted a fixed amount
of time T for CAL during the school year and must decide how
to allocate the time among a class of k students. Let ti be
the time that is ailocated tb sﬁudeﬁt i. Then the
optimization problem is to find the values of t1"‘“’tk that
will maximize the effectiveness of the CAL program.

Atkinsen (1972a) -has formulated a model  that

‘predicts performance on a standardized test in initial

reading as a function of the amount of time the student
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spends on the CAI system. = Specifically, Ilet Pi(t) be
stgdent i's performance  on a standardized reading test
administered at the_end of the school year, given_thgt the
student spends time t on the CAIL system during the year.

~ Then, within certain limits, the following equation holds:

P,(t) = o - B; exp(-r5t) -«

The paramgters Q5 Bi,aﬁd 75 cha:acterize a gilven studegt and
vary from one student tp the next; o, and (ai—ﬁi)gre measures
sf the s;udgnt's maximal and minimal levels of achievement,

réspectiﬁeiy, and.y_i is a rate of progress measure. These

parameters are estimated from the student's CAI‘ response

protocol obtained during the first hour of instruction.

If we are interestgd in maximizing the mean value of
p ovef the claéé.of students; the ﬁathematical formulation

required is:

" maximize

1 k.
‘q)(-'tl',ta,-.vvj'tk} = E -.z P.(t>
1
subject te the constraint

k
Y g, =T
ééi *

and
t, >0 .
i -

‘This maximization can be achieved by dynamic programming

techniques, and the results of such an analysis are reported
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by Atkinson (1972a). Other optimization problems, such as
minimizing the wvariance for the class of students, are
easily solved by ﬁsing the appropriate Fformulation of the

objective’function ¢(tl,t2,,,.,tk).

MOTIVATION FEEDBACK AND TEACHING REPORTS

If an instructional strategy is effective, the
sfudent's “progfess should be sufficient reward. Frqm?this
viewpoint, motivation becomes primarily a matter of showing
the student his own progress and letting him know that
progress is valued. To this end, the vreading program
incorporates four feedback procedures: {(a) A student’'s
correct answer is always acknowledged by printing '"+." (b)
‘Occasionally the * student recelves a word of audio
“acknowledgement like "groovy” or "great." (c) The student is
told how he is ‘doing during each session. When an item

'"'and a star

‘meets criterion, the audio says, "Another star,’
is printed beside the word. Then the program ﬁrints; for
example, "Lynn, you have passed ROUGH," together with a star
for each item passed during that session. (d) The last six

“items completed in the sight-word, spelling patterns, and

phonics ‘strands 'are printed at the end of each session to
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. provide review and further  feedback.
The list of completed items may be taken home by the
_students, or it may be used by teachers for further review,
Together with daily class reports, this information. allews
the teacher and proctor to pinpoint the items each student
is studying.

The class reports contain for each student the
number of minutes accumulated, the number of the curriculum
items completed in each strand, and a (+) if the student was

xdn the‘program that da&. An_exaﬁple‘bf a daily ciass report

"is shown in Figure 10,

EFFECTIVENESS AND COST

The CAI reading program has been wused in several
eiementary_ schools, and incorporates the experience gained
tﬁrough eight years of continued use. The reading program
combines elements of research with instruction and has been
adapted . to the day-to-day needs of public schools by wusing
simple and reliable equipment.

While several evaluative studies.of the program have
peen conducted, one which wused a control group will be

reviewed here. Fletcher and Atkinson. (1972) matched 50
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pairs of first grade students on.a numﬁer of variables,
including reading readiness scores. One member of each pair
dreceived CAI in initial reading, and the other member did
_notf.-Students'who participated'in this experimént.,feceivedl
‘CAI fdr- dnly "a. 5-month period during the first.érade and
received no CAIL during the secondlgrade. ;The‘CAI laéted for:
déprdkimateiy-' 12_'-minutes - per day;- excepf for this
jtwelvefminuté period, the school‘day fdr the CAi group was.
like ‘that of  the controi—grdupc Standardized ﬁests were.
=admidistered at thé end of the first grade andfagain at the . -
'énd.of'the sécond-gréde° The testing was doné Bf a_feam who:

were unaware - of = the ' ‘experimental -treatnientsP The

end-of~-year = results indicated that the CAI groﬁp achieved a .

5,05 month gain in performance over the control group. The

groups, when tested a  year later with mno intervening CAI- . ..

treatment, showed a difference of 4.90 months in favor of

-~ the original CAI group. The CAI effect apparéntly'persisted -

for a year after the CAI was administered. In 'interpreting-
these results it should be borne in mind that these fifét.
grade CAI students received only a total of about 20 hours
of on-line instruction.

Moreover, the results indigated that boys omn tﬁe
average benefited more than girls. On all reading tests
used in the evaluation, the girls as a group were superior

to the boys; however, for the control group the magnitude of
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the‘différence between boys' and girls was greater than for
' the experimental group, which suggests that both boys and
giflé benefit from CAI instruction, but that it = is
“relatively more effective for boys. This finding replicates
an earlier result reported by Atkinson (1968) who presented
a diéChsSion of why males might be expected to show a larger
gain than females when CAIL is used.

Costs per student session of CAI have decreased with
“the ‘use ©Of inexpensive equipment and with the general
' decrease in:computer*hardware costs, The audio component of
the system entails the greatest coéts;'but;techholdgical
developments may significantly decrease these costs in the
near future, TFor conventional education of the same quality:
provided by CAI, Kiesling (1972) estimated the cost.in urban
and suburban areas at $200 to 300 in addition to the normal
school allotment for that student. The CAI reading pregram
'using the present system can be made available to students
for a yearly cost below $200. For a discussion of this

point see Jamison, Fletcher, Suppes, and Atkinson (1973),

CONCLUDING COMMENTS

The CAI program described here ig intended as a tool
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‘to be wused in conjunction with other forms of imnstruction,
. No extensive teacher training is required for 1its use; in
_fact, experience  indicates that teachers have little
h@iﬁﬁiculty,familiarizing_themselves with the basic%_featppes
_of the program énd‘in using the computer ppintgpta,

It should 'be -emphasized that the program is
e#perimental; each day we learn someth;ng new. Discussions
~with teachers and students, as well as ‘analyses  of
fgtudentrresponser histories, permit us to devisg; better
;proquu;es fqr: individualizing exercises,“_far‘ b:anch%pg

- among strands, and for distributing review,.
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