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_Comp.:ter Assisted Instruction in 8eginningRtading:

(The
Stanford ?rojects

Introduction
-4

Design and development of computer-ass:sted instruction (CAI) in

beginning reading were undertaken by Richard C.'Atkinson and his staff

-

over a twelve-year period, 1964-1975, at the Institute for Maat.boirritics:

Studies in tie Social 1-ciences at Stnford beginning
_

, -

reading CAI curriculums re developed during thi.31 period, one
_

designed for the IBM 1530 Instructional System and the other designed

for the Institute's Digital Equipment CorpcIrat-i:n PD?-10 cc7putzr

facility.

Develcpeest for the 1500 curriculum began in 1964 and ended in

the spring of 1968. The system was used for school years; about

50 first-grade students used the reading curri:Llum in 1966-67 and

about 70 scuoeLts in grades K-2 used the reading Curriculum in 1967-6i.

The 1500 systemikupported elaborate student terminals including three

display, or output, devices -- a picture projector, a cathode ray

tube (CAT), and an audio.system fcr playing prereccrded messages.

The terminals alsc included three student input devices -7 a hand-
s

.held Ili;ht pin, a,modified-typewriter keyboard, and (again) the audio

system for recording 4sages.. Ile. picture projector provided random .

access to 1424 16-milllimeter film frames that were; displayed on a

7.4v 5-inch screen. The CRT displayed alphanumeric cr,aracters on

'3
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could v- in &Jr.::

cattri.1;e

1twFs

' secon.L; vere a r__e

4 nfe_rs

1. devico, tne 17.re
.

positio3 sensed as a rest .:E: and rez.,rc:- :2

a strait : -.tfw-..,:rd ;a2. ire recce:. C3V.- cf ste:r

seido= Earl: st-dY..es st:den:s rrec

this oc;.-.5illty" :or r,t:ord:n; cf cw-n devising :n:or-

porate2 a vc.abularY _ere diszir:cgui;r.ed by its colcrf--lness tian by

its utill:y is readirz pe44gcgy. oc:puter systez z!nd its terr_i7als

were located at an elerantary school in apredc=inately nack ec:!ncr_ieally

depressed neigl.:crh=,i. .:'.ore oc7plete descriptions of this syste were

provided by Atkinscn and Hansen (1966) and Atkinson (1.96S).

Development of tae PDP-10 curriculum began in 163 and ,endef in

the spring of 1975. The computer, system was located at Stanford

University and com7unicated with student terminjp.in participating

schools over dedicated telephone lines. The system was used for

six school years, beginning with the same schoOl used for the 1500 -k

dtveiopment and about 200 first-grade students in_1969-70, expanding

to four school's and about 700 students in.grthes K-3 id 1970-72,

and cutting back because of funding limitations to tile,oTiginal school

in 1972-75 with about 400 student's each );ear yrirariiy,in grades K -3,

4.
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readerz. 7LT-'0 sooporze. ;Ap'e

.1-tnerpoter seconc,

e^ _2 ?` hf,Adacn,:s for ..E tClEtl:t.:r;L:Cr

-.7.rd-zopy anc. for

Stuce--.t,s re:e.ve prere:erdeo ressaces frov the d_git_ze±

audio r_aoa.h,f1.1t: piazittec .:1-rerecn,rt'-ng on ----agnet-= di5k ,f

up to digit,zed 2-?..-7ser_es :'t!'-' -, ;re,
,

t--.o..ane. a hz.lf

in r-p_dLy %.1);.E.,::on--s)

accesse:i at ran-ioL in anf,

digital to anal.o.:%. ei to

}tEaGph :z 3. :zare was no zr:p--..1c or p.oto-raphic t:,7.72.oil:ty at

> Mfr

terrinals, and the telet;;:ewriter printer only u;oer--ase letters.

This system wraz-tescribed :ore to7ole:ely by Atkinsw. ane Fletcher

t1572), Atkinson; ileac i:. =, La:rpbeil, and kn73),
-----

and Atkinsop (197=.).

There were three primary motivations for the Stanford projects in

beginning readin7. First, they were moti-.:ted by obvious

potential for investigating n2.r..-.1-,tneses, or notions, proposed to-

acc.7unt for the acquisition and retention of reading skills. A

Variety of stu;:ies completed in the coatext of the Stanford oeginning

reading curricula-: serve to illustrate the feasibility of CAI used

to investigate basic hyponeses concerning reading pedogogy.

6Second, the projects were notivated by their potential for

demonstrating the feasibility of CAI a.3 a :-.diur for instructicn in

5
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_native

and Atkin (1?7:;, _ :--1.-:,o:, EI,:!c':er, 5,...;:pe:: cr._ ...:-.inscn.(ir. ,-mess).

) -
. , :

There s.tE--f.- li:ti::: n_-1,,n tzdo. .;: the=tecnnIcal .:Id _ ._nistrazi7.,

feas:$7,11:!7
,nd used o;

c: of by

Trocessin; cost data

he late 7:2 rPcE7t decr -s .n cos ts of

computation ma.:-e poo.... tle t:-.e e:::.:,mic feasfc1Lity of :..-7innzn re.-.,:ir.g

. .-
. .

. ,

CAI on a much smaller scale tlain that suzges-ad ,by jamlson et el. .

Third, t!-.42 .projects were motivated by their potential for developing

instfuctio-.a1 stratesias trio t41CI:niques for CAI Its-ulf. In the 1963's

4
there were numerous data-free polemics on the most efficacious use of

CAI. The Stanford projects were major efforts to curtail these polemics\

with "real-world" dLta on the educationally v.-werful issues of beginning

reading. A variety of de lopments such es the strands techniques (e.g.de

.Suppes, 1967), qptimized triction (e.g., Atkindon, 1972), and digitized

audio ai..plicatj.ons had their genesis in the early commitments of CAI

to operational. environments.

Thi remainder of this paper consists of four sections, The first

documante some of the relevant assumptions on which the design of the

curriculums wire based. ThesecOnd discusses the design of the 1500-

system, reading curflculum. The third discusses-1*-444.4m_niIIILIRL1P,

or teletypevriter, reading curriculum; The fouith section presents

6
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Fewacti-.:.ties as =uch precision a(_curaty in theoriesN
as the trcn.1%.:1;:n of their precepts to cof--.?::;_er In tie

case of the Stanford reading curriculd=s, he_? tuken fro=

w:erever it as avallan1.2, and. linguistic notl-_-.3 pro7:crd-tne'

richest bac:-.ground for curriculum c1,-;elopment. In man; instances,

of course, there was nothing to be done but rely on the 'ntuitions

of the project staff, consultants, particii-.ating personnel.

Tnis mix of linguistic, psy:_:.oliunuistic,'peduic, and intuitive.

considerations yielder the assumptions Underlying the initial reading

'curriculums.

.

In the Stanford curriculu=s the reading process vas viewed as

a translation of printed orthpgraphy to meaning in a manner paraIlF.M7-
o.

that ofspeech perception inthich the translation is fro= an acoustic

signal to meaning, necessitating some form of analysis-by-synthesis

on the part of the perceiver. It was assumed that there is a 1.trqt1

of abstraction bg,low meaning that is common to both speech perdeption

and reading and that this level is adjusted upward or downward depending

on the ease or difficulty of the material being read.

This vi-ew'of reading engendered another idea thL,t had a Lasting

effect on the CAI reading turiculums. Ls expressed by.Carrol.(1964),

reading can ble analyzed into two processes: the constructinn.or

reconstruction of a spoktrimessage, and the comprehension of messages

so colastructed. Taking this cue from Carroll, the emphasis in both

the CAI 'reading curricululms/As on speech reconstruction,' that'being

s,

/
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C:rroll went on

to reco:.rirni tit "these two processes -- speech recc.,:,st::.-:tion a.ld the

apprehe2so.! of ,wz_ning -- should [not) be sti)arated in procedures of

teachln. Ther,.2 is E;1c:t:nce, if fact, that the-ter:chin3 of the

L.achanict: ra:::rctru:ti7r. (techniques o: .:or recognitich)

is best ...Lca era :1)x-7111y meahln:f,.:1 to the

. lenrn2r" a minor e-4:ent, recc,:_:E.ndation was

not foll sde,iz,ning b:th curritulu7.s. The 157Y.;-.4stem curriculum.

taught ncnsense, bar 7rono.inceable', and the

.

PDP-10 curriculum ta.:ght L.eamini-free spelling Addition 11:.,

.of course, both curriculums taflt words; the 150:;-sysiem curriculum

presented only re=1.11ar words a,c the PDP-10 curriculum, with its mire

pragmatic orientation, tIght rei:ular and irregular words.

It should be rioted that amenability of pedagogical notions to

computer presentation was a factor in the design of these curriculums.

A primary difficulty in CAi design is the translation of instructional

prescriptions to computer programs. There appear yo be two basic

reasons for this difficulty. First, most instruitional prescriptions

awe ue relative to the precision required by computer programming.

In one sense, CAI represents the reductio absurdum for a behavioral

Ojectives approach to instructional design. It is difficult to incor-

porate in CAI objectives that cannot be'expressed as'behaviorr measurable

at a computer terminal.

Second, despite all its Capabilities and'prOmise, the state of

the art in computer technology has manifest limitations for instruction.

These limitations are particularly noticc'Jble for instruction in
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natural lan;uaaFkills. Currently there are genuln-e capabilities

for speech Uuc.rstanding by computers and for 56:7..preension of text,

but it is doubciul that these capabilities are sufficiently powerful

fox CAI in beginning rr2dinF.

Both of the CAL curriculums were designed to sup7,1ement wIratever

reading instructlbn occurred in the classroom. It was assumed to be

far easier to udjust and modify the computer programs used for instruction

than to adjust any modify tr_a established practice of classroom teacners.

O The supplerental mature of-the Stanford curriculums with its_ requirement

for attivities"that could complement any classroom reading instruction

-combined with the requirement for relatively precise instructional

prescriptions to effect a riajor emphasis in both curriculum cn decoding

-- the ability to synthesize, or 'sound oue', an acoustic signal from

orthography..

It was assumed that the linguistic skills of 5-7 year old children

could be enlisted in teach,ingthem to read if they could just be taught"

to relate written symbology to the productive language. capabilities

they already possessed and demonstrated in their spoken languige.

Ebeeover, there seemed little reason to teach'childmen solely to aosociate

specific words with specific acoustic representations when a transfer

capability appeared to be promised by the structure of English orthography.

Orthography is a shared code based on cowetencies common to large

communities of users, and it seemed intuitively plausible that such

a sharing implies rules fof associating writing with speaking. If

students could be placed in situations where they would learn these

=lei, they might learn to break the code. Once the rode was Oroken,

9
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the syntactic and seranLic in!",,r-ation associated with acoLstit

ini!r)rration thcy cou'd synths; : -.;:e from text` might fc.lio automatically.

situaL4, .v-ro-ri2te for bre,king this code appearel to be those

in which v infor:aticn bore a 'regular' relationship

the accustic 1t.10:as intended to reFresent -- in w'nich there

would be ile,;Lr correspon<:en:esi'

In the practice of Lne 1C7`:'s 'graphs' cr could be a

single letter, a syll,:ole, or a In the B1o;.,7fie1 d -,nd Barnhart

(1951), C:cC.:acken and .:,lcutt, l':!:.)); Merrill (I'ries,

l765), and Lenavioral Researc-1 La5ora:c.ries (Sullivan,

1957) rea,:r-rs, the initial grdphe-e-?noneme correspolcences were VC

'(vowel-consonant) syllables presented in words that were generally of

a CVC configuration. VC words' :ere also allowed early is these

readers and Lippincott permitted double consonant clusters (CCVC,
0

CVCC, and Cr."CC) as tell as CV words. Evidently, these: readers assured

that the basic graphic unit in beginning reading should be larger than

a single letter ana Smaller than a whole word. Use of these units seems -

reasonable because of the difficulty of pronouncing consonants separate

from vowels. In conventional practice, this difficUlty is resolved

V
by associating consonants with some 'neutral' vowel such as /a. However,

it should be noted that, for instance, as useful as an association

betiieenthe grapheme B and the phoneme /1=W7m-in pronouncing BUT,
. .

it may be useless or even confusing in pronouncing BIT. Neither of the

Stanford reading curriculums taught assdciations between single lett4rs

and the sounds they represented.

This approach was supported by Fries (1963) who emphasized that

10
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the approach to-beginning readin.; recommended by Bloomfield and himself \

, -

rests:

Upon the relation ..ct-../r,n the sound patterns nf the

s

words and'thc., letter -,y-1-Jols of an alphabet 1;ut this

relation is not such as to lead us to seek to match

specific Darters with each of the physical !sounds' of

our language. :;or does it assume that the pronuncia-

tipn of a word is a fusion or blendin7 of the sounds

represented by the individual letters by which the word

is spelled (p. 146).

Fried position is that: "modern English spelling is fundamentally a

system of aitomparatilelyfew arbitrary contrastive sets of spelling-

patterns to which readers, to to efficient must, through much-practice,

develop high-speed recognition responses" (p. ;46). Fries' statethents

concerning Alle development of ni&h speed recognition responses

antedate recent proncrincements to the same gffect by L.Berge and

Samueli (1974) who based their comments on considerable empirical study.

Coming frodosychology rather than lin:;uispics, E1canor Gibson

(1970) stated that:

It is my belief that the-smallest component units in

written English are spelling patterns. By spelling

patterns,-I mean a cluster of graphemes in a environ-__ _

sent which has an invariant.pronunciatIon according to

the rules of English. These rules are- the regularities'

which appear, when_for instance, any vowel or'consonalt

or cluster is shown to correspond with agiven prOnuncia-

1

a
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tinn in all i itIal, mdial, or fic:l ;,ositlop ia the

spelling of a t.o,rd (p. 32)).

Spe1117. patterns as described by tibsoo 'were used heavily in the

Stanford F1,:-10 curricufun which incotp6rated subitantial'a7ounts of

practice it r.n atcrpt to 'bring acp.,t the high- speed rkcJognition

responsesrecanl'ea ?y Fries. eihe utilli.y r.f this a7yroach ln CAI

- was demonstrated by,..i1,.:ccher an?. end. Flitcher (1 73).

I .,

How Jer, e7Tilasis on phnc,re-graT'.:::e regulari:y -.,tacounterspractical

di ficultics in ccrricy14.rm desizn,,for beginLn-reading. One o.6vious

difficulty is tre strained vocal,:lary.that results in crovsing words

to illuseicte the regular spelling patterns being presented, and anot:ler-
--,

is, the pronunciation of orthographically regular utterances in ordinary

discourse. Both 6f thesd difficulties are Alustrated by Blpofield's

prototypal :;AN CAN,FA.!7 DAN. The senOace appears 'strained bectUse NAN

$ .

.is not a particularly familiar ni...me and:becailpe who can fan,whotis

. .

not a concern of moment to beginning readers. rUrther, the sentence

may contain grapheme-phoneme irregularities in ordinary aiscourse.

' For instance, CAN In this:sentence would ordinarily-he pronounced /ken/

or tkih/ in American dialects.

**re serious, however, are thesirregularities that occur even

whin spelling patterns are considered separate from ordinary. speech;

'
A- student who has learned to associate, Apt/ with -UT will, presumably

. . ;

be more likely.to recognize CUT, HUT, JUT,etc. However, he may

experience difficulty with-PUT. As long as instruction is based on
# ,

phonemicicorresponaences to graphemes, exceptions will be-encountered.

12
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On the other hand, English orthography may be more closely rule-
,

governed than the number of exckptions to regular grpheme-phor,mel

correspondences suLgast. This possibility is indicated in ext,::nsive

empirical studies of English orthography by Hanna, Hanna, Poeges, and

iudorf (1966), and V_nezky (1967, 1970) and in the gene
I t

phonology of Chor.sky and Halle (.1968) who introduce thelsoncept of

lexical representation. Vhat is nec4ssary is' to decide what is meant

by regularity in the structure of English orthography- and what its

",. Amplications are for reading instruction. A seminal investigation in

this area was that of Venezky and Weir (1966) who demonstrated considerable

regularity in the-relationship of English oitlography to spoken language0

provided one looks beyond direct grapheme-phoneme correspondences.

This_work had a significant infl4enee on the design of the 1500-system

curriculum, resulting ultimately in tpe idea of a vocalic center group

(Hansen and Iogers, 1968) which was assumed to be minimal pronunciation

unit rehearsed by the reader in order to build associations between

"-orthography and oral lan- guage,

A vocalic eenter group was described by Rogers (1967) as a vowel 4

4
nucleus with 0-3 preceding consonants anKt31-1. following consonants and by

Hansen and Rogers (1968) as "the optimally minimanseguence within

which -allall neces sary rules of phonemic co-occurrence can be stated"

(p. 74). From Rogers' descri ion, then, the vocalic center group looks

`very muchlike a syllable in fact, he suggested that the "reader will ,

,not be seriously misled f heaisociates the units whici result from

standard dictionary syllabification with the vocalic center groupe-
*

411
- --

(p. 16). From the. Hansen and Rogers description it is clear that the

I

.13
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vocalic cerittr group is ph,'.)nologica:ly rather 0,an'semanticMy motivated;
4,

it is exp-..ct,A to be tLe minimal orthography required to 1,1entify, the
. v. . .

' . .

sound sele:,nce that the orthography is intended ,to represent. Moreover,

vocalic center groups must confbrm to the orthoraphlr-rsol:rd limitat4ons

of the langUa;;e in which they ocsur: RAD, SED, and ST:tEMPTS are all

legit} .ate veqalic c6r,ipiogroups at.c.)rding to l'ogers whereas ST.P.A.P

TEN-2S, and taLLK are not.

A more serious problem withttnc vocalic center group potion is

illustrated by its assu:rption, for iistance, that a .learne4, association

between the letter sequEnces MAP Enc TEN and their pron4asiatlan Mould

facilitate association of TAP and ZEN to the apprcpriat# prcnunci#tion

as Rogers suggests (p. 15). However; MAP and TEN at* vocalic center

groups, and therefore are thb minimal orthographic 'units required for
. 4 ..N

establishing the appropriate sound sequence' e If they are indeed the
.

.".'. .

minimal orthographic units, it is difficult to see how learning them

would yield any positive transfer to the' task of learning TAP and ME:;;

there must be a smaller unit pf orthography involved, and this distinction
t

underlies a basic,differance between the 1500 c4riculum and. the PDP-10

curriculum. Thd 1500 curriculum took the vocalic center group as the

basic decoding unit to be taught and the PDP-10 curriculum took the

spelling pattern as-the basic decoding unit, to be taught.

Given that both curriculums were intended increase decoding

skills through the presentation of regular letter to sound relationships,

and to supplement ordinary classrdom instruction, it is notable that

AS -they differed in their,delection of sight word vocabulary. The 1500

,curriculum United itself to items that were eitiseryocalic center groupb

14

14
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or cdMbinations of vocalic-,center groups. Despite considerable emphasis

on spellint Dattcrfls in the PD? -1O curriculum, the complexities in

Engifsh ort;L:raprq 3rd in the classroom materials the curriculum. vas

supposed_,to sup71e7.ent were recognized. Vocabulary items with fairly

c

complex s,T.Aling;;:o stunt relationships but with high freqUencies in

first through thin.: grade reading materials were taught in a direct
1.

paired- associate tanner.

The 1500 System Curriculum

Overview

The architect,..re of any computer system intendeci -for CAI is notable

not primarily.for the Curiosity that ma-4 be occasioned by the bits,

bytes, and lhts of a new technology) but for the boundary conditions

it imposes on curriculum design. The 1500 System was an impressive

technological

limits on the

for instance,

innovar, but, like any instructional medium, it imposed

instructional presentations it could support. There was

nip.

direct way to check by computer a ltudent's ability to

produce the sound sequence represented by displayed Orthography, yet

this ability was the principi objective of the program. Both the audio

and the photSgraphic. random access mechanism were based on serial

access devices, tape and filM reels respectively, making the posl,ticning

mechanism quite slog relative to the random access speeds currently

available from digitized speech and videodisk technology. Arithmetic

operations within the Coursewriter II language were cumbersome (no

floating point was available), and the optimization techniques discussed

by Atkinson (1972, 1974), or the student modeling techniques based on

15

t
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4patemeter estin.ation discuss:A by Supper, Jermsn, and Brian (1968) and

by Fletcher (1975) .could not ha've been implemente:I. ?reparation of

line 'ara.wings for display cn the CRT was a slow process, and facile

illustration cf a point with a graphic presentatiz.n,such as a classroom

teacher might eaciiy imPrv:Ise using e olackboard was out of the question.

The point of thesetemarks is that computer systcm design has direct

implications.for.CAI. The,design of the Stanford CAI reading curriculums

was shaped both: by h4 body of- assumpt!.ons concerning initial reading

instruction discussed earlitl: and by the nature of the computer systems4

used. The former Is often-noted in ccmments on the Stanford developments,

the latter is usually neglected!'

The instruction`presdntation stra*azy of the 1500 curriculum. was-

.'tutorial' and based on the intrinsic branching approach to progra=fied

instruction recomtended.mhy Crowder (e.g.., 1959). Many, if not all,

responses to itlfs in this approach are analyzed to determine if a

stUdent needs-reMediation, if he should proceed to the next item, or

if he should e.:ip several items- ahead. Most,lessons in the 1500 curricu-
.

wersrpreceded-by a screening test on the basis of which a student

cou14,, passover lirge *mounts Di information in the lesson. .10n the.

other hand, many items ,in the 'mainstream' of the lessons were associated

with remedial raters so that a student who performed poorly could be
,

given extra practi on those aspects of the material with which he appeared

to be having d.iffic

'N.

The curriculum was divided into three catagories of material:

decoding, comprehension, and iotivational matarinl. A description of
.

these cjegorios follows.

16
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Decoding Materials

The 'decoding *materials incLided four activities: . letter

identification, word matching, matrix building, and compound word

/identification.

J Letter Identification. No direct attempt was made to teach

the names of.letterS'. It -was assumed that letter names were at'odds

mph the dominant sound they represent and teaching letter names would

confuse students who were being taught to decode. Three tasks were

/-typically presented:- (1) single letter natching in which the student

was to indicate with a light-penresponse which of two or three letters

/on the CRT was,the,same as a letter displayed by the, projector; (2) letter

string catching in Ch the student was to indicate with a light-peno
response which of two r threb letter strings tin the -CRT was the sa=e as

a letter st44.displayed 14-the4ojector; and (3) a same-different task

in which the student was to indicate if two lettefs orletter strings displayed

on the CPT were the same or different.

Word Ilatchin. This section consisted of paired-associate tasks
.....

in iinch the stimulus was the verbal pronunciation, orthography, and/or

pictorial representation of a word, and the response was the identification

of the appropriate word in a lint displayed by the CRT. The- stulent

indicated his choice by (ouching it with his light pen. Layout for

mud natching is Shown in Figure 1. .A cue fading technique Vas used for

this activity, ancLfour problem types were deieloped to correspond to

the fallowing arrays of Cues: (1) picture, orthography and audio (as

Figure 1); (2) picture and audio; (3) picture only; (4) audio only.

a
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Even though there was-no voice recognizer on the system, students were

told to "touch and say4r0ronouncable responses. Because the system

responded only to "touch" and not to "say", sLO,Its, Auite reasonably,.

stopped makin3 cral responses to these instruct ,Ins Carly in the

curricUium.,

InF.art Fire 1 about here 4

Matrix Buildin2. :ote of each lesson was the :1_:trix building

activity. Allteration pctcerns, i.e., initial consonants, were presented

in rows,)And rhyming pat:et:11s, final tints, were presented in columns

as town in Figure.2.

A matrix was constructed one cell at a tine. The initial

consonant(s) of a word were called the initial unit and the vowel and

the final consonant(s) were called the final unit. Initial mats in

the 1500 curriculum differed' from those Qf the PDP-10 curriculum in

which spelling patterns, initial or final units, were never presented

without an accompanying vowel. The intersection of an initial unit

row and a final unit column determined the entry in any cell.

t Figure 2 about here

The problem format for the construction of ech.cell was divided'

4-4 o

bite four parts: Parts A amdi,D were standard instructional sections,

j

aid parts B and C were renedial -Sections. Tarts B and were branched

18
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assu-_.2...i a 1, in. which t'Le stu:(2-r n..;; to

reo Ca cf two' T7 '_p.-.t

was e,c.F.,t- :na ar.-1 leer- O.:tn

cc-7...;nd aro A__11_;c1L21, hc

the cf-mv:,,7.4 a:d its in a

se:-:.-.:ica]ly rich sen:en:e.

Compound words 4-'42:1: w61.re of two k%owm

r.c;nosyliables, e.g., : 17C.L7StErL7. to thu przi,,nt]tIcn

of the cox7oLnd Se:uence:, 1.-.-.troce:-: later wer-:, cc-np:5e: cf

five co=pound words In which only o-e of tne :::nts was kn:wn. Cc:pound

,words were selected aL.ording to.three criteria: (1) fraquency in initial

reading isaterialS,'(2) Inaginatie possibilities yielding stmantically

rich context sentences, and (3) to vary the known word in'

initial a inal r.osition in the five coxpound words re.2. , hat'ooz, firehat,

hatiand, etc.).

Com?reL2n:;ior.

The conprehension .-zatarial foc.:sed on the understanding of sente.aces

and include four sections: usage, form class, inquiries, and sentence

initiato s.

Usa,qe. The usage section was intended tc cue an a;,propriate set

of semantic associations for lexical items presented. A list of words

was displayetrby the CRT. Definitions were given auditorally and the

student was expected_ to identify the word that :latched each definition

'with a light pen response. The definition-. were chosen under two

constraints: (1) If tha word appeateli in the Rainbow Dictionary
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., to from Part'A and were presented independently or in comoluacion.

Part B provided,remedial practice an initial units. Part C provided

remedial prasti:e on final units. In Flart'A, the student was instruct

to "touch and say the word that beicn2s in the empty cell." The answer

choices were designed to identify :Free classes of errors:

1. The was corre:itly identified but the final unit

was not (e.g., :.AG in Fizure 2, Pare A). The student was branched,to

Part C and tnen back to Pz.rt A.

2. The final unit was correctly identified but the initial unit

was not (e.g.', :AT in. P:rt A). The student-4as branched to

Part B and the-. backto Part A.

3. Neither the initial unit 'nor the final unit was correctly

identified (e.g., PJ.0 in Figure 2, Part A). The student was branched to-

Part B, then. to ?art C, and then back to Part A.

If the student's answer was correct he was branched to Part D.

Individual cell building was continued until the matrix was

, complete. The matrices in the lesson material contained from 6 to 12

'words and nonsense syllables. Nonsense words were considered legitimate,

cell entries if (1) they were occurrent English syllables, (2) they.did

not represent unconventional spellings for common monosyllabic words- -

for example, sed represents a regular spelling for the initial English

Efllable in words such as sediment, but it was not presented in matrix

format slice itwas a nonstandard spelling for the homophonous mono-

( -

syllabic ,word said, and (3) they comprised less than 40 percent of the.

total cell entries.

20
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411, (Wright, 1959), all the 7_anings defined in thdt dicti.onary were used;

o

(2) If the did not a7:12: in the rainbow Dictionary 'but appeared

'in the ThorrAIKe-Bern:-.ar..1: Dictionary (1564), at one

of the aefin.Lic.-., deperd.ng un frequency and usefulness, s used.

If the word did rot z..ppr in eitr dictionary, it was not include4

in the usage sPct:on nor :_ed.in sucsading 1eson naterials.

A strict idictionar.: defini- t io' format wa voided in defining.
- ,

word items. ..--n''ard denlricns were reconstructed to stress functional

meanings. For example, the word BAT might have the 'following dictionary

definit4on: " stoat woo4en stick or club, used to hit the ball in

baseball,c:riz.eet, etc." In the lesson materia:s this definition was

reformulated: "TOuch`and say the word that means something. you migliguse

to hit a bas7ball."

Form Class. The form class section was interred to cue an operational

knowledge of syntactic associations for lexical items presented. A typical

*item of this sort is shown in Figure 3. The student was to indicate with

a light-pan response (''touch and say") which word "mad4 sense" in the

sentence. Usually, one word was correct, one was of the correct form

class but seaahtically inapproprite, and one was inappropriate both

because of its form class and its semantic associations.

.....1 milm
Insert Figure 3 about here

. Inquiries In this section, the student was asked to identify.

lexical items in a displayed sentence that answered a given question.

For instance, there might be two items based on the sentence "John hit

(

N.
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the ball." One item migi-.t require the stu.;:.nt to indicate with a light-pen

respone ("tt_uch z.nd r.-din) ho hit the ball: Ar,Dther item r-i:Jht

require the to infii:ate w:Int John hit.

S:ntence T-:s :c tr.,ch cdents

ticing, pitch, an:. stress eontc=s-so tnat C.ey ic read !,c:tences

vita intonati,on patterns coeursonly ion:: in Si.ecth. frE_:J.,ncy

sentence initzarcrs (IT'S A, THAT'S At TKEY'R,L) -,ere selected fron

Ccrterette 3--n] -Tones' list%of multi-worc: units tAttere:. cy

six-ycar old children d....rinc free disc4Ssion. initiatcrs were

ccrbined with wDerds already 'ftesenteto for sehtenzes which ..:ere then

displayed to the students., The idea was to use the tiring features of

the conputer system in the foll:Nring scquence:,.(1) A sentence was

displayed by C.la CRT and the student was given two seconds in which ,to

4.
attempt an oral reading and record i.t on the ,audio device; (2) The audio

I

device played a reading of the sentence;.and#() The student was given

two secon04 to repgat the reading of the sentence.

Motivational I
. .

These materials consisted of games, rhymes, and stories. Games

were sequenced into each lesson and were intended to exetcise developing

competencies. -Rhymes were presented as Listening ctivities to

I
illustrate the rhyming and alliterative sounds of words and to demonstrate

.

the rhyt
1

hmic use of language. Stories- ere read- to the students using

the audio devicivand displayed by the4T, sentence by sebtence so that -'

,students could follow print as it was being read.

22
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. Rogers (1947) listed sc=atenets of the 15 (JD curriculum that' are

repeated here by way of surc_ari.

1. Reading and spell):Inz should be taught independently. This tenet

odes adopted La tae asIption that r.ost reading obstacles are unrelated

to spelling obstacles.

.

2. Reading shoula be initiated with a decoding or transfer stage
go,

.

during wIlich the student learns to associate graphic patterns with speech

sequences. This tenet led to the next,

3. The association of sight to sound is initially effected beteen

letter patterns and vocalic center groups and is =eaning independent.

4. The sequence' of ite=s to be presented for association learning

should be deter=ined prirlarily by a,difficulty scaling of vocalic center

41111 groups as documented by Hansen and Rogers (1968). FoUr principles

for ordering vocalic center groups were ennunicited by'Rngers:

a. Groups containing'single.consonant ele=enfs should be

introduced before those containing consonant clusters (TAP, before TRAP);

b. Groups containing initial consonant clusters should be introduced'

,before those containing final consonant clusters (TRAP before TARP);

V

c. Groups containing short vowels should be introduCtcA before those

containing tong vowels (`TAP before (TAPE) s.

d. Single vocalic center group sequences should be introduced

before multiple sequences (TRAP before TRAPPER).

Iotably, principles (a) and (b) are it variance-with results documented

by Fletcher (1973) which indicated that in A pronunciation task CVC and ,
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CVCC items are .bout the same diffic. :ity and t.;--t 1-oth are significantly

eusicr tan CUCC YL1Ln, in t.rn, arc .ta%)ut Cnv same

;difficulty.

). prcs-:.-.L.. as a of a

(fi,n-11 allit;_rLtion (a:It::: connra:.:_j set, the

.-.1-._racteri,:::s of seti dizplayri in .a matrix

fort-at.

preac7._ Inm2trLx be imm,:diately

introduced in .enLential T:7-.texts th2t t. Gip

syntactic, an salnantic f'unctions.

Patterened word items should appear in p::ms, stories, essays,

and descriptions in which t'7.e. features of pronunciation, gra-Imatical function,

and reaning are shown to function together to convey the writer's intention

to the reader.

The PDP-10 -Curriculum

Overview

The student terminals in the PDP-10 teletypevriter curriculum

were obviously restrictive. Teletypewriters are noisy and slow.

(10 characters a second is an annoying rate of display when mildy

sophisticated use of alphahumerics is necessary), but their price was

right end they provided had copy for review by students, proctors, and

, teachers. Notably, there was an effort to design a,curriculum sufficiently

inexpensive for schools to purchase. It is also notable that in comparing

the 1500 curriculum to the PDP -10 curriculum, the limitations of

teletypewriters were compensated for by the digitized audio capability and

24
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by the power of the computet-ti=esharin-- stem ajdio output

system had 178resc,:pability and fltc:ibil:'_y(th.en ti 1...-,(JU audio ,rstem,

and the operatin,system

than the curriculv.. o,c-,Ming system

--t all

An entirely :le. vas, d,:v-ziope:: to tort stunt data

recording and audio ,yste.. Capabilities -:eye also deelop,] E.4

systen level c!':racter editins, student :lode prograr e:iecutior, high speed

line multiple::..r.:;'aild for s.:c,ncrating re-entrant code from the 1112:her-level

Unguages'3val:a1,1e.

The instruction pTesentAion strategy was 'drill and practice/ and

based on the strands appgoach to CAI developed and described by

Suppes (e.g., 1967). The program was divided Into tie seven parts or strands

shown in Table 1.

Insert Table 1about here

be term strand was used to identify a basic component skill of

initial reading with the exception of Strand 0). Student roved

through each strandin a roughly linear fashion. Branching or progress

withinstrands was criterion dependeht; a student proceeded to a new

exercise or new material within a strand only after he attained some

(individually specificable) performance criterion in the current

exercise or material. Branching between the strands was time dependent;

a student move:4 from one strand to take up where he left off in another

1/4

25
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after a certain (again, spccifia..-.1e) amount of time

1-cci in tTe 3trand. within each .of what criterion.Ttv6

strand ti-:re
,

t.o t.ree prz--c,sivel; .ore difficult exercises

tha.: _were eci7nc.d to to fairl-:hiLh performance.

_-

The critc:Ion consecutive%-iorrect,

ans-.:trs for each ittn pas:' C.rcugh the of items

. 'CIDAStitUti an L-4ercist...

-

. Entry t..) strd ce7ended upon prorcss ink ariier strands. For

th2 letterT-ticntificaticn strand ,star-..c a Fubset of

letters used in sight word strand. :.en a _student in the letter-
1,1

identification strand exhiited mastery over, the set of letters used in.

the first se-:eral words of the sight-word strand, he entered the sight-word

strand. Entry into both the phonics ind spt ing pattern strand's was

similarly controlled by the student's placeme t in the sight-word strand;

A

Thus, a student eduld work in several stranal simultaneously. Once he

. ,

entered a strand, however, his advancement within that strand could be

independent of his progress in other strands.

most students spent two minutes on each strand and -the length of

their daily sessions was ten minutes. The tine-each student spent in

any strand and the session length were perameterg7that could be uniquely

specified. -Sufficient information was saved in student restart records,,

to issure continuation from precisely those conditions that existed at

sign off.

the strands were comprised of setsof thrte curriculum items, and

,

it was in these sections that a student needed to reach' criterion before
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progressing in the strands. Each section was presented in eiNier two
1

or three separate exercises In each exercise the tare:. itemsof OR

section were presented in random-order until the stu:lest achieved

critetion. A stu2ent .:nu ieady knew the material of particular

exercise could leave tr.t exercise after only six r.N7,,rses, which could

take him as little as 30 seconds. Students -ode :.,711 responses a =Atte

on the koerani.

Students received instruction for the exercises by means of the
4

digitized audio system. The student would input his msPonses on the

teletype triter.. hekcompleted his respcnse, he preyed the space

bar whitti returned control -of the terminal to the computer for response

evaluation. If the student discovered an error in his-sp.p.onse, he

could press the rubout key before pressing the space bar and the entire

problem was presented again for a second trial. If a.student pressed the

P
rubout key sore than three tires befori entering a response, he received

a "too many ruboutO message. TimeoutS were also used. If a student tock

more than 10 seconds to type any character in his response, he was given

a "too much time" message and his answer was treated as incorrect.

Students received^a printed record of the work completed at the end of

each session. Classroom teadhers also received daily a printed report

on,progress achieved by their students. Kindergarten and first-grade

Children adepted'quickly to use of the keyboard and had no difficulty

in typing-the relatively short responses (maximum of $ characters)

im s

required. f.,

27
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e prepared to

acquaint students with C _ .manual s ills required to interm:..t with the

program. Tht, :I.:less sL1-,.1d atrt':t-Id IO t-,LLh students to sign

_elfgrrpres cn :*:Ae prc:tor supervision, To sign on the
6

re: ing progrd::, c;,.-,d his as;:f.,;aed stu,.:ent

number. :de taped a s ::.e follcve,:l with his first na7e a7.d another

S'isoce. The ?rcgram res::bn::ed by ty?inz; the' student's last n!,',7e. If

last n,-6,:e -.:as correct, the student typed a spase and the program

proceeded with his lesson. To leave the readiness strand, a stu:lent was

required to perform the sign -on procedure with no more than one error.

The readinces strand differed from the otper stitnds in that branching

from it was criterion dependent rather thati,time dependent.

Strand I - Letter Identification. Each letter was presented twice

in the letter strand. For the first pass through the alphabet, grouping

of letters in three-letter sections was designed. to minimize visual

confusion. For the second pass through the alphabet,` 5cupttg was

desigped to maximize visual confu$ion. In all cases, sections were

designed to minimize auditory confusion.

r

Three types otexercises (copy, recognition
4
and recall) were used

throughout the 1etter-identification strand. They exercises are.illustrated
-

in Figure 4. In the first exercise, a Metter was typed and the student was

requested to type the same letter. ,Randdln presentation of the three letters

in a section continued until the student reached criterion for Exercise 1

at which time he was advancedito Exercise 2 of the letter strand. After

28
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each presentation id the second exercise 'of the letter strand, the order

of the three levers in'the display wcs randomli cLanged, and the exercise

was repeated for another :,.,r2et letter. Upon achieving criterion for

each of the lett sv, proceeded to Txercise 3. When the

student achic,,e1'' eritati:,h cn the Li,-'e_ letters in the section in

F;:ercise 3, Le returr.1-d :o Exercise 1 with a second set_of three letters.

.Insert Fire 4 about here

Whroughovt the curricuLlm, if the student responded correctly he

proceeded to the next presentation. If he responded incorrectly or

exceeded the tine allowed a response,, the teletypewriter displayed

the correct response proceeded to the next presentation. Whqn the

student responded correctly, he received randomly scheduled audio

reinforcement messages. The usefulness of 'variable - interval reinforcement'

has been established as a method'of achieving performance that is stable

aad highly resistant to extinction. The effect of the audio reinforcement

messages in the teletypewriter curriculum was unclear. It is doubtful

-
that theycompriied the principallreinforcement mechanism !operant' in

the curriculum. Be that as it may, they continued to be used, and included

messages like "fabulous", "outstanding", and recorded clapping and

eering. .-They were, at least, entertaining.

When a student met criterion on a specific number of letters (i.e.,

those required for the first words in the sight-word vocabulary of Strand II),'

he began Strand II and continued to Work simultaneously in both Strands I

29
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and II, but at different levels of difficulty within each strand. '

Strand II - Sivht-ori 1:ccabulery. StrLnd II provided practice on

a vocabulary tat 27:1 tat:7h:: in the cln-croo:n and contained

words coz.:.on to stl r, 17.g textz.z.ni sight-rd lists. Me

vocabulary was pres:-.ntea, of ti:rie words presented in tW..)

differz.:It excrcis.E-3 (:cp; YhIch are illustrated in

Figure 5.

Inser_tT;ure 5 about here

Vnen the stident achie .red criterion in Exercise 1 for each of the

three wordS forming le section, he began Exercise 2. As in Exercise 2

of the letter strand, the order of items that comprised the display was

random in each presentation in Exerciie 2 of the vocabJlary strand. Ten

the-student =et criterion for each new word in each of the two exercises,

he proceeded to the next section of three words and began again on

Exercise-1. The selection Of items for review and'presentation in the

vocabulary strand grew progressively sore complex. As Atkinson (1974).

showed, the curriculum was evolvpg toward a presentation strategy that

was based on optimization notions of control theory. Discussioft of this

process is a feast-Or-famine proposition and famine is the proposition

.

' selected here. The interested riadetisrefirred to Atkinson (1974)

and Atkinson, Fletnher, Lindsay, Campbell, :wad Barr (1973) for diScussion

of this process in the vocabulary strand.
J-

i

Strand S'pel... Patterns. The spelling pattern strand was

designed to provide dire t and explicit practice with English spelling

30
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patterns. Although all the spelling patterns presented in .thiS' strand were

Chosen from those taught in the phonics strand, new words were used. A

section for th1:1 Ltra:-.1 cc:,...sted of r.:Iree monosyllabic sua as

CAT, BAT, RAT,,tc,..h of wh1:111 inc:-_,rporated the same,(fina't un.t) spelling

pattern., :Copy recoil c.:urcises -..ere.used in this strand cnd are

illustrated In -.--i;.:;ure C.

Insert Figure 6 about here

.Strand I' - Phonioe. Exercises in the ptonics strand concentrated

on Initialmand final consOnanz.s and medial vowels. StUdents were never

Y`'
required to rehearse or identify consonant or vowel sconds In isolation.

The smallest of of presentation was a dyad, i.e., a single vowel-

consonant or consonant -vowel combination. Copy, recognition, and wprd
AI

building exercises were used in the phonics strand and are illustrated

in Figure 7. As in thepreceeding strands, students worked with a section

three units and had to meet criterion for each spelling pattern in

keach of.the exercises before proceeding to the next section.

,

Insert Figure 7 about here

The audio reinforced the sound values of the spelling patterns with

randomly selected examples from three samples -- two monosyllabic aA an

easily identifiable polysyllabic word. However, the word to be typed by

the student in Exercise 3 (word building) was Always one of the two

11
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. monosyllabic exemplars.

The teletypewriter curriculum :as unusual among spelling-

pattern currieuluns in re-,7r rirst, ot1-.2r eurriclilunL present

spelling pactrns patterns that are not themselves

words (-AL) -ula- cres.:n-Zei only As c:,:-.1::-.nents of ,words SLR L); they

are never 1,7c:..:nted
T.e.Stanford tAI p:egrati

presented p;,....-arnt4 both i=plicitly in,A?e,/spellihg strand end

explily in the pLnits sNand. Second, C.e .spell.:._:: patterns chosen

for other cJrriculuns ara .,:sually final corsonant, or final unit, patterns;

theji are syllasble endings (-A3 rathar than syllable beginnings

(ZA- NA- The Stanford CAI curriculum presented both initial unit

and final unit spelling patterns.

The spelling patterns in t4,,cutriculum were grouped I'nto four

. categories: .-VC, CV-, -WC, and CW-. Each of the categories was divided

into subcategories according to vowels. For example, category CV- consisted

of subcategories Ca-, Ce-, Cl-, Co-, and Cu-. Category -VC also included

the spelling patterns ),Ce, where e denotes a silent e at the end of a

word. The students stuaied only one subcategory of spelling patterns at

. a time. Each item was successively presented in the exercise formats

described. When the requisite number of items within a subcategory passed.

'
criterion for Exercise 3, a decision was made' to deterTine which category.

and subcategory the student should study next. The student began in

category -VC, and when the criterion was met, he was transferred to one

of the categories CV-, -VVC, or CVV- with probabi4ty P2, P3, or P4,

A

.
respectively, or was rItained in Category -VC with probability P1.

32.
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The student al :ays transferred bacK to category -VC when he finished one of

the- other categories.

Branchin be:weer; withfn each cci-e

in a round b sche--:!

category. = lit; .i:

4

vp_ccu.rred

st studie ia t.e

-VC category to th

phorZcs strand. This result docu-lented by :letcher
. _

(1973) indicatir. t: .at practice itn final units (-VC) pr:LycE7s better'

per:ormance tIlan practice Yith initial :.nits Bra n_ri in the

phonics strand is discuased :Ore fvli by Atkinson (19 /f, an.: Atkinson,-

Fletcher, Lir_ay, Ca-i-ebe 1, and Barr (1973).

Strand V - rd Co--1-c_nsicn. Strand V provided practice cn'the

meaning of words introduced in the sight-word strand. A section consisted

4411 of three groups of thiee words. Each word was assc:iated with one of

several categories. The prdsentation displayed 1!15et words followed by

-a request to type a word of a particular category. The strand used a single
do

exercise,.fortat illustrated in Figure"-8. The order of the three words

preiented was random and the target word, with its associated category, was

randonly chosen frot thos distayed.
0

Insert Figure S about here

Strand IV - Sentence Corcrehchsion

A section in this strand consisted of three sentences (or phrases)

.1th-one word nisSing in each. Displayed with each sentence were three

words' two were distractors and one correctly'completed the sentence.

33
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As in the 15p0 ctirriculum, one of the Istractors was of the correct

form class,, but .1:as eiter s:ntac.tically unacceptable in

that it bro.;:e

unacceptel,;.:-

e sc ^ter Is

.11y.

3.

4

. .

This S2S of

beginni.g so-:e C.7 .1c1-. 7-et 711:L. a7.1

success io-ever, the UsE uf col-Tut0rs to tech rez...±:7.; ray

only have bc3-1n. Ly way of (-ur.::_cry, t:;_n, it see: ; a.:7ropria.e to list

a dmcber of ubseatior,s on C-iis de,.elcr7ent that -1:-.1t be uuf:lly

considere by f,1:.1;re invsticators. These observati:ls follow in co

particular order.

1. Both curriculum z were intended to s,:i.,plerent ordinary

classroom instruction. one fanfare tbat greeted the intruductLon cf

CAI anticipated a rinor revolution in .assrocm practice as a result

of its appearance. Despite extensive workshops, individual- conferences,

and daily reports on the pro;ress of individual students, very few.

Changes in the practice of classroom teachers were observed that

could be attributed to CAI. Student achieverent increased under CAI,

but the impact on classroo72 pfactice was minor. Therefore, a supple-
.

mental role appears appropriate for CAI in becinnlog reading.

34



CAI in : :ending

301

2. There was a shift in instructional strategy away from a tutorial
.

approa ch toward a drill-lnd-practice approach. In-beginnini; reading,

as in other curriccum areas, it was difficult to anticipate and prespecify

what.problems a stuu...a-nt :...0t .:have with the material presented and what-

remedial nateriai hciT stiliant ot;:,. It was apTarent that

CAI h=s a unique ca;:ablii:y fcr bringing cbaut the ra?id, automatic reading

responses discussed by Fries (1973) and by LaBerge and Sanuels (1974),

_and the Stanford cL.rric.11um increasingly el-.phasized these responses.

Drill-and-practice nay be a regrettable term.devukinz images of school

as a sweat shop, but it describes the a?proach taken an: it was impcssible

to avoid the observation that the students enjoyed the C1.1 presented.

37 There was to discernable drop in studentiachievent resulting

fripm the reduction in CAI terminal capabilities experienac4 in shifting

from the 1300 Instructional System to the PDF-10 based system. The

detailed instructional theory telling how best, or even optimally, to

use the full capabilities of the 1500-system student terminals sizply did

not and does not exist. It is possible that the best instructional ideas

available applied tc both,systems would make relA ively little difference

in instructional outcome and would fail to justify the great differences

in their costs.
.

For that =atter, the necessary attention to each letter

in typed responses required by the FDF-10 curriculum may have been

iestoonsibIe for some of its success whereas the facile light-pen responses

used in the 1500 curriculum may Wye reduced its instructional effectiveness.

4. Techniques of optimized instruction were increasingly used.

Promising trends/in the development of the reading curriculum s were the
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evericental a,.21fcutions of ccntrcl tnacry (Atkinson,-1972), R-uantitttive

cojels of r_e_nory (Fletcer, 1973) techniques of inequality aversion

(Jamison, 71ctc..ler, 51,;-=2.s, and Atkir:- , in prcss): As,At) :inon's

(1974) o:ery,- lf.d to 1,:-__.:nr.ircv 17.str lc-

tic/a pr..: in r21

of C.tse and - w;,11

3.
::,L! ore

s rrld _
;:ructio:

letter nct .s,C in th2 1.51-J t:.E; cre.

?DP -:: curritt.i_m 1-2It'ntr ?rJE::nte.1 letter

in isclation);. si-elling was nct tat It

,

was tauznt in the PIP-10 curriculun; cn:y 're..-.12.ar' words en:. non-words

were tau ;ht in the 1509 c...4rriculun, cr.;:s were presented

as vccabular.: Itens in the PDP-10 currictAdm and non-words -..-cre not

taught.
r

6. Use of saes, stories, and othar noti-;aticnal naterials

decreased. The computer system was increasingi:. viewed as an expensive,

valuable resource and techniques for its efficient use grildually increased

in relative value. This trend was aided by the tudents'enthusiasn for

CAI whichdid not appear affected by the increasing erphasis on efficiency

in the curriculum.
r

7. An emphasis on decoding skills was maintained throughout the

development. Literal and interpretive corg5rehension instruction can be

presented4( computer as the fourth 'through sixth-grade,CAI reading

06



CAI in Reading

303

curriculum documented by Fletcher and Supper (1972) illustr.ates, but it

was never tht judgment of the Stanford grcup that the-proportion Of

comprehension,instruction to decoding instruction should have been

increased in the begin%ing reading programs. Notably, Fletcher and

Atkinson (1972) found that their salple of CAI beginning reading students

scored significantly higher on the paragraph meaning subtest of the

Stanford Luhieverent Test than did a control sample of non-CAI students.

8.' From an operational standpoint, it was simpler to schedule

CAI in a central location for all members of a classroom at one time

than it was to present CAI to one-student at a time, using single terminals

installed in classrooms. The setting for the Stanford curriculums

consisted of a single room in which all the computer terminals used by

the school -Are installed and which was staffed by an experienced CAI

proctor. For older thildren, it might have been reasonable to

distribute terminals to individual classrooms, but it was not reasonable

for the students in grades K-3 who used the Stanford-CAI.

9. Beginning reading achievement was about the sane for boys and

girls under CAI. This result was first announced by Atkinson in 1968, and

it persisted 4rouahout the history ofthe development. To some extent

this result was presaged by'NCNetl's .(1964) finding of superior reading

achievement by boys over girls it kindergarten using programmed reading

materials but it was still surprising given well established (e.g., Maccoby,

1966) expectations of superiority in primary-school girls over boys for

verbal intellectual functioning.

10. A favorable economic argument can be made for CAI. Using

computer cost data of the late 1960's and assuming system_supportfor
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1000 tek-nina17,, Jrnison., Fletcher, Suppes, and Atkinson.(in press} were

able to pre-er.t favorable ar,!u-nent for the cost-effectj-veneas of the

Stanford PEF-.LO rcaeins -ith thr refeqt, dr3ratic

reductions !,1 t!:! -cro-y, it ,ee.m..s lihely

that a stron.c,- to.'_ 21f ra2_ fcr Li a -:1c11

sniihtr

11. Cr.:,:tar for

the type of CAL t:.ay c Naz beell

expanled d2sin 7rovr?=:.1L 1ruasc for ('Al, liLtle attention

has been paid to th for 1_2:i. So,-.,2

prelininery netiers were doau7ented bi Fletcher and Schulz (1973), but

considerably Eore saould be done to id,.ntify appropriate,cificaticns

:or CAI operating syst-e-s.

12. Although the strands approach ,..7as ori2iraily develo.,ed for.

arithmetic CAI, it is a pcverful and relevant technique ftr beginninl;

reading instr,.ction as Some general discussion of the strands

.approach was presented by Suppes (1957), and it was the approach used

in the PD?-I0 curricultr. described above. The approach appears to be of

- Significant, general utility in the design of CAI and deserving of'

attention from educational researchers.

One conclusion from the Stanford projects night be that CAI has

genuine possibilities for the improvement of beginning reading instruction

and teat the work of the Stanford development should be continued.

. Like ninny research efforts, the projcts raised more questions

than they answered._ However, iffithe central problem in beginning reading

.38
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instruction is to T---ake it sensitive, on a mo :ent-to-mo!ent basis, to

the individual neeeo of studz,nto, t!:rm ta be the 7-J-t cost- effective

alternative for lar-,--,cale ooluti-m of this problem.
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Figure 1 1500 Curticulum Wo-.:(1.tobing ,

1'4

Figure 2 Cur.-ic.21sun

Figure 3

Figure 4

Figure 5

150-i C_r: um,Forn Class List-lay

.
P0-10 C_rriculum Lctter 1Eanti:ication 7::ercises

PD7-710 Curriculum Siz::t-l:ord Vocabulary Exercises

it

;Figure it 'a" ?DP -10 Curriculum Spellin^ patterns Exercises

'
. 1 0

...t

Figure 7 PDP-10 Curriculum Phonics Exercises

. .

Figure 8 PDF-10 Curricultim Word CotTrehension Exerciie

Figure 9 PDP-10 Curriculum Sentence Comprehension Exercise

ti
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Table 1

PD ? -10 Corriculum Strands

STAND TITLE

0 , 166 CT TTLETYPtURTTE4

I LETTp IDENTIFICATION

II SIGH -HARD VOCABULARY

15

III SPELLING PA7TERKS

314

Oa

PHONICS

V coup conks:mm-10

\
VI SE1FTENCB*CON7RERENSION

N

a

4
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a

- CRT

RAG

BAG

BAT

2

. SCREEN

BAT

"LOOK AT THE PICTURE AND THE WORD. THE WORD is BAT.

HE HIT THE BALL WITH THE BAT. TOUCH AND SAY OAT:

'
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TIP

L

PART A (AT

IA,
1

err

AA T

34i

ME

TIACX WA Sat *NT LIELGV,S ra TM (Wry CELL:

PART C ar
AT ai

MT ML

IT

1 NM SAT 141 TAM MT Tik

4

PART B 3r
IT

Mt

"ItAXI '1TE TVS. MT 'PE tPery

PART C

M

T; MT IA;

I

litto ?TIT Mr S S 14 Mi . mat no Ile Pi

1.1
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THE CATCAN

BAT

TAN

SAT

AT THE BAG

"TOUCH AND SAY THE WORD THAT BELONGS IN



,
7 .

P

it

,

1. DISPLAY

EX. 1 (COPY): A

EX. 2. (RECOGNITION): C B A

EX. 3 (RECALL): (NO DISPLAY)

TYPE

TYPE A

- TYPE A





EX. 1 (COPY). .

EX. 2 (RECALL);

.

/

.0

t

Z

DISPLAY

CAT

(NO DISPLAY)

...

54 r

AUDIO

TYPE CAT

TYPE CAT



FINAL UNITS

DISPLAY ,* AUDIO
EX. 1 'COPY): -AT
EX. 2 (RECOGNITION). I-AT -1-A3 -At
EX. 3 MORO MAR ,-AD '-AT -48

eir-+"-

INITIAL UNITS

DISPLAY
46. 1 (COPY): CA-
EX. 2 IRECINNAIOn

CA- FA- BA-'
EX. 3 MORO BUILDIN4 FA- CA- BA-

T

.1

*..

A

55

TYPE AT 'AS IN CAT

TYPE AT AS IN CAT

TYPE CAT

AUDIO

TYPE CA AS IN CAT

TYPE CA AS IN CAT

TYPE CAT

4
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.

'I

A

, e

N

/

'-' PLAY A-010
v.%

i f

.

HarA SAT GHEN

O 1

-- .

TYPE THE WORD THU IS AN ANIMAL\
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i
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DISPLAY FP1

I L,

A

MAD DRIVE SWIM TYPE THE WORD THAT CORRECTLY
01,

TIM WILL --- THE CAR.

Y
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HOLLAND: I have

concentrated on

characteristics

published report

a

OPEN DISCUSSION OF FLETCHER PRESENTATION
A

had a running intimate affair with your 1500 program. al. have

your.matrix style 1, and I have found that there are a couple of

that trouble me. There is a limited amount of data in the

, but the data there support the contention that a fair amount of

responding, among these four alternatives for each item is essentially random.

Maybe, 25% comes feom the child simply putting light key on one of the four

alternatives at random. Of the data that is nonrandom, there are bases on which

the subject can perform correctly without actually doing the task supposedly

being taught--namely the phoneme-grapheme correspondence. A deaf-child-could do

pretty well on the program, just on simple visual matching and obviously without

phonemes play±ng any role. The games are very constant; they are repetitive.

Once the child learns to pick the one that's got the threel'etter forms, the

child can respond-correctly with regard to sound.

Moreover, I was very_intrested in your observation that the diagnosing and

branching didn't work.. I have proposedyiree measurable characteristics for the

adequacy of branching decisions--predict 7yalidity of need for some teaching

material, the. time efficiency of testing and this discriminab4ity of the

measures. The 1500 Outriculue seems to lack predictive validity as diagneettc

items.. Children being asked to perform the'sams main lisle items wialbul. any or

the remedial loops show little more than a chance relationship betweetji the two

performances. How can prescribing differential teaching material ea such data

meta any sense; and to do so with atwo Killion dollar gadget, and an even

larger Personnel coat is laughable.

FLITCHER: Well, actually the perbonnel budget was ?mailer than the machine

325 58
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budget. 41/

A
HOLLAND: Prorated over tne years of the project?

FLETCHER: I think so. I, wouldn't want to be put in the position of having to

defehd the 1500 Ourriculup. I worked on it; I did some of the programming for

it;- I did some of the data collection for it, but we were feeling our way. This

is the first time we tried something like this. We thought we had a brand new

device; we brought up a lot of brand new shining ideas to try out on :it. I

think a lot of them didn't work. It was an intereSting effort, and I think we

learned a lot from it, but r think we got a lot better when we went to the

teletypewriter curriculum. The lessons that we learned, such as those you

brought up, carried over into the teletypewriter curriculum. I woula like to

emphasize that although we had all these shining new gadgets in the 1500. system,

and we had a very.liiited display capability oil the PDP-10 system, we knew better

how to use the stuff on the PDP-10 system, and I think it was a more effective

curriculum in the long run than the 1500 system, because it is not really clear

bow to usq. visuals in reading or now to branch and remediate in a criterion

sense. Those things are not all that clear, and certainly they're not clear

'enough for a computer curriculum in which you .want to have a very high

probability of'success.

113EZII: Would you say something about what was going on in the classrooms, in

terms of the actual reading program, and also something aboutwhat you did for

teacher trailping?

?LATCHES: Tea. Teacher training i3 always a big effort in these things. If you
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want these things to succeed-,and, .as one who has had to worry about the

introduction of CAI in.ichools, I do--teacher training i3 not something that you

can ignore. You have to have a lot of people on your side: teachers,

.....yministrators, everyone..

A3 we began to introduce curricula-- including reading curricula - -we gave a

three-day workshop for teachers right at the peginning of the school year,

typically before classes began. We tried to get some sort of credit for the

teachers who attended the workshops. We would follow it up two weeks later with

a formal presentation of about half a dayrto a day. Then, periodically, we would

station some of our staff in the teachers' lounge.. They would sit there with

ropes and snares and things: As the teachers came in for a break, our people

would hop on them and say things like: 'Well, how.do you like it? 'What_ do you

think about it? What complaints do you have? What is good about it?' We had

that kind of business going on constantly.

We had teacher reports available to them. In the teletypewriter curriculum,

we Were able to say very precisely what curricular it they had passed and what

C vocabulary items they had. The items they hadn't had, of course, wog implied

from the teacher's guide we gave out. We tried to explain to them why we were

doing what we were doing, tried-to explain some of the theoretical notions behind

What we were doing. In gelieral;we Bade every effort to try to get the classroom

teacher to work with us, to work with the-curriculum, to tailor the classroom-

approach to what was going on in the computer. And I would say that about 85% of

the time we'were unsuccessful. The teachers were willing to_ssume that it was a

reasonably useful effort, that it was doing some good for the kidsitcertainly

wasn't harming themand that they were willing to put up with it. But they were

trot going to tailor their classroom instruction around it

60

ma .Z;



T.

May 21.-A.M. 328

VENUE!: Does that mean,' in essence, that they just went right on doing what

they normally do in reading?

FLETCHER: Yes.

AR:

VENEZEI: That is exactly what tne Plato, reading curricula did. They were in

dozens of schools in Champaign for two or threeyears, andtheir'experience has
. ...- _ .

been that the teachers think it's wonderful.- They love tp- have it; they are

very supportive of It but they will be damned if.they will-pax any attention to

lithe resulAs of it.
_

,......

. .

FLEWER: Yes, we were in- 'over 30 schools from year to year, and it wasopi tame_

-:, .
,.... :

story. Those to% who did work willip_the curriculum fairly nice?results. iou`.

'could tell the difference in tt.e.test_scOres and measures of that sort.

t t

VENUE!: 'Do you have any ideas on how to integrate this kind of technology into

*a program? Do you think you would have to take responsibility for the full

reading to do that?

FLETCHER: I feel that there are limits to what you can do on a computer, very

real limits.. You have to have a human teacher in the process. In thpt Aense.,

computer assisted instruction [for elemenary school instruction],is going to be

supplemental, and probably the best we to use it is_ in as general a way as

possible, as we did. In other words, it capable of adding something to

whatever goes on in the qlassroom, which is not an easy trick. In tome cases, it

may be impossible.
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WHITE: Back in 1969, some data on #00 early work with the computers were

published. It wai,very impressive stuff, and I really wondered why no ohe ever

talked about it or dealt with it. Two reports came out of Staliord. One report

talked about, I think, the PDP-10 system. The report talked about the drill and

practice as a supplement to wnai the teacher dld. The repOrt made some really

remarkable claims. In the 'first case, it said students were achieving test.

/ gains, and the system tended to close the gap between nigh and low students.;

That 'is the only system I every beard of doing that. In other words, it seemed

to work selectively: It helped poorer students rather than better students. .

There was a company report that "costed out tne system an8 put the &lea= in the

eye of many bureaucrats, because it snowed thAt the system was 'cost - effective.

The claim was that tce system could be implemented at an average cost of $73 per

child, as I remember. Here nad Title I programs sperfkihg at-a cost of $160

per child, and nobody was ever able to find any effects. Then you had a gap

closing, cost-effective $70-per-child computer supplementary systez. I.have been .

-really curious- over the years about -,why ,no one really talks itUch about that

system. No one has ever explained away those reports or said* why they never

caught hold in the system.

FLETC4ER: We didn't do as such of .a selling job, as much of an informatti,onal

promulgating job, as we mightrhav'e.* Considering.the.amount of. data

we did relatively little research and relatively little descriptiive stud

data, because we got bogged down in the day-to-day operational requireteWits of

the system. The thing had to be up and running. It had to be up and r nlng at

5:00 A.M. when we were doing stuff on the east coast. Welhad to be doing that

five days a week,,and the rest of the time we were workipg like mad to keep ahead

of some of the students.
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I remember staying up late at night, for instance, on the 1500 system, to

try to 'get sufficient curriculum in so that we could stay ahead of our very

bright students.r
But that's what happened, we got bogged down. We underestimated. the sheer

-

administrative and logistical problem that is associated with getting a computer

system curriculum up.

WHITE: Is this one of those cases that Doug Ellson was talking_about yesterdiyi

'Do you really have a finding of positive effectiveness that somenow gust lays

ther*?

FLETCHER: Yes. And some of tne makhematicm oprricula stuff fits these' criteria

very well.

ourselves;

resources.

We ,would have had to do it [promulgate the positive effectiveness]

no one else,was going to do it _for. us.. And we didn't have any

We ran out of energy, tiae,_andmoney. lithe project came to an end.

ROSIER: I just wanted to emphasize Dick Venezky's comment here, because 1 don't

think it i3 reasonable tQ think that you are going to get classroom teachers to

view CAI as an integral part of their program, if it isn't compatible with what

they do- in the classroom. You can't expect them to go home at night and invent

lessons to be compatible with feedback.

Secondlyand I really think this is related to Shep's comments--I watcned

the CAI prograi operate in a school (Oakleaf) for abqut four or five years, and

it strikes me that it's very easy to say, "Well, CAI really has limited powers,

and we really ought not to think about it any more." It seems to me that almost

always, the developers of thaellings never concede that, maybe, they are not
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quite as good at developing instructional prograrts as they could be, if they

would :stay with a program longer, and would incorporate other resources.
....

I think wd have another instance of bow a potentially useful instructional device,
-

-
-

or approach gets thrown out, because the person trying to develop or design the,

4,_

Cl....._,

thing doesn't have all the capacities to make it effective, and doesnrt, concede

that other people could probably help.-

BARTLETT: In this country, we seem to have two systems. We have a system that

designs educational technologies in different Ways, and we different

system that distributes them,-the commercial system. The latter usually involves

publishers. It seems to me that it's the existence of the two systems that

accounts for the fact that a program like Dexter's, for example, doesn't get out-
\

into the market. Unless you find a publisher for it, or unless some other

organization in the country takes over diStribution for it, you are really sunk.

`IP

You are not really trained to market your programs: In this country, you are not

responsible for doing anything more than what you have done. And I think that's ---

a very important issue that no one in the group is really addressing.

FLETCBIrRf There is an article in a recencissue of thelkEtn----21 Educational

Beilbarpti by somebody from the University of Pittsburgh, I don't know who it is

_

but he says something about the need for a linking science that will take the

rEsults of basic research and put then into the instructional practice. I

dn4opul roe with that sore.

BABTLETT: But nobody seems to ears; that'll what I find. `Nobody is taking

responsibilitympt any point for doing anything aboi4t it.

. . .
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FLETCHER: The funding agencies try, but they try the wrong people. They try to

tax the researchers with theprotlem. They say, "Okay,.now that :7cu have cone

it, you have to promulgate it," MEd researchers are not trained to do'that; that

is net their business.

Recess


