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COMPUTER- BASED INSTRUCTION IN INITIAL READING:
A PROGRESS REPORT ON THE STANFORD PROJECT*

H. A, Wilson and R. C. Atkinson

Stanford Universlity

INI'RODUCTION

Ir 1964 The Instibute for.Mathematical Studies in the Soecial Scignces aﬁ
Stanford University received a grant from the U.S. Office of Education to
develop and implement a computer-assisted instruction (cAT) program in initial
reading and mathematics. The project, known as the Stanford CAL project, is
a continuation of eariier research by Patrick Suppes.and Richard Atkinsop_in
the area of CATL; StUppes is responsible for the development of the mathematiqs
curriculum and Atkinson for initial reading. At the beginniﬁg of the project
two major hurdles had to be overcome. Thére were no lesson materials in either
mathematics or reading suitaﬁle_for CAL presentation, and an integrated tﬁtorial
ﬁCAI system had not yet been designed and produced by a single manufacturef. The

development of the curricula and the development of the system have been carried

on as parallel efforts over the past threelyears with each having.a decided
influence on the other.

This paper is & report of the progress of the Stanford CAT Reading Program
with particular reference to the school year 1966-67 when the initial classes
of first-grade students received a major portion of their daily reading instruc-

tion on a CATI tutorial system. This first year's operations must be considered

*This research was supported in part by U.S. O0ffice of Fducation Grant,
OEC-4-6-061493-2089, and U.S. Public Health Computing Grant, USPHS-MH-615k4.




esséntially as an extended debugging of both thersystem and the lesson materials.
Wevertheless, some interesting comments can be made on.the resulis of this shakeQ
down experience in regard to both the feaéibility of CAT instructioh‘for first-
grade‘studenté and on the impact of sgch instyruction on the overall learning

process,

GENERAL DISCUSSION OF CAT

Before describing the Stanford Project, a few general rémarks about computer-
assisted ihstruction and CAT systems might be in order. Three levels of computer-
assisted instruction may be defined. Discrimination between levels is based not
on hardware and software considerations but primarily on the complexity and
sophistication of the student-system interéction. The_mbst a@vanéed student-~
system inferaction may be achieved with a simple teletype terminal and the most
primitive iniéraction may require sgme highly complex programming.

At the bagic interaction level are those systems which present a fixed,

.linear'sequence of problems. BStudent errors may be corrected in a variety of

' ways (e.g., a prompt may be given in the form.of a partial answer, or the entire
correct response maj be furnished following. an error) but no real-time decisions
ére made for introducing unique teaching strategies or instructional materials
on the basis of a student response. Such systems have been termed "drill and
practice” systems and are exemplified by the Stanford Drili and Practice Program
in Arithmetic and in Spelling.

At the other extreme of the interaction scale are "dialogue" programs of

the type under investigation at Bolt, Bereanak and Newman and at Stanford Univer-

sity. The goal of the "dialogue" approach is to provide the richest possible.
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student-system interaction where the student is free to consfruct unresﬁricted
natural-language fesponses, esk gquestions and, in genefal, exercise ahnoéf
complete control over the seéuence of leafning events.

ﬁTutoriai" programs lie between the above extremes of student-system inter-
action. Tutorial programs have the capability for real-time decision-making
énd instructional branching contingent on a single responsé or on scme subset
of a studént's response history. Such programs allow the students to follow
separate and diverse pathways through the curriculum based dn their individual
performance patterns. The probability is high in a tutorial program that no
two students will encounter exactly the same sequence_of lesson materials.
However, student responses are someﬁhat limited since they'must be chosen from
a prescribed set of responses or constructéd in such a manner_that relatively'
simple-text analysis will be sufficient for their evaluatioﬁ. The Stanford
CAT Readiﬁg Program 1s tutorial in nature and it is this level of étudent—system

interaction that will be discussed in this paper.

CAL: A Tool for Teaching. .

Computer—assisted.instruction has a theoretical bésis, as iﬁde;d does all
programmed learning, in the nofion that immédi@te reinforcement facilitates
learning. For the human learner, reinfbrcemeht may come through verbal pralse

. acting as a reward or through simple knowledée of the resuits of qne's own actions.
In the reading program correct responses are reﬁardgd by such verbal messages

as "good,"” "you're doing fine;" "right,” etc. Since studies have shown that
reinforcement tends to lose_ité effectiveneés when‘it is'céntinuous and repetitious,
verbal rewards in the reading program are given on an intermittent basis. Imme-

diate feedback is provided through reward messages, through the presentation of

the next problem and also through "wrong answer" messages.




Uninformed cfiticism of computer;aséisted instruction often carries an
implied component of fear that the instructional procéss will somehow becone
dehumanized, that the students will become little automatoﬁs themsélves.  As
it turns out, however, the elimination of-the.so;ial iﬁtercourée éspect of
learning through CAT is one of its gfeat gtrengths. The compufer is an ete%nally

-patient teacher. The machine never becomes angry or thfeatening. Those of us
who have spent some years teaching in the classroom afe well aware of the fact
that after repeated student exTors it is difficult, if not impossible, to
restrain _cer“tain voice or facial cues which indicate our displea’sure. The
messages coming from the machine, however, are completely free of any sﬁch
threat or anger. The "wrong answer" messages recorded in the quiet of the re-
cording studio can be a-continubusly neutral "No, thiéris the right word.
Touch it."

We have found that attention of even very‘young,students.can Be maintained
. at a high level by_appropriate_paciﬁg of the material. Their atteﬁtion is also
increased by‘the-use of partifions between the response terminals. The individual
studenf is not distracted by the acfibns of his classmates, nor is he carried
along by their responses. ~Each individual is'independently requns%ble for inter-
acting with the learning materials. |

The basic rationale, however, for the use of a computer-assisted instructional
systen a8 a teaching device, resides in the. system's potential fof individualizing

'instruciion{ Tf there is any one fact which has been thoroughly established in
sixty years of intensiwve investigation in education, it is that a wide range of

individual differences will be found in any classroom on any dimension one wishes




to examine. (AT offers us a tool for tailoring our instructional procedures
to these individual differences.

The current paper and pencil programs can accommodate individual differences
in learning time. A bright student who responds rapidly can complete many nore |
frames and cover a greater amount offmaterial in a given time intérval than can
-the slow student who responds quite deliberately. Howe.ver,, "l:fle nearly unlimited
pranching capabliity inherent in a CAL system not onlj zllows the students o
proceed independentiy in terms qf gpeed, but also permits them to follow essen-
tially different paths through the curriculum. Branching decisions for each
student in a CAL system may be contingent upon a single response, his past history
of responses, response latency, or some combinstion of these considerations

welghted by previously acgquired psyéhometric data.

CAI: A Tool for Research.

| The usefulness of CAT as a tool for research régides in two factors: 1) the
coﬁfrol of independent variables andzz) the detailed respoﬁse data which. is re-
corded By the system.. | |

' Eaucational research conducted outside the .laboratory in an actual school

situation has long been plagued by the impossibility of contrdlling'many variables
inherent in classroom organization and in presentation of materials by the class-
room teacher. CAI; in a sepée, brings the laboratory into the school. Our own
CAT laﬁofatory has'achieved a degree of confrol of environment and presentation
‘that has been heretofore impossible in a classroom setting. The temperature
and the lighting in the terminal room are constént.r The immediété environment

of each student's response terminal is precisely the same as every other student's.
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The chairs and the machines are identical for all students. 'Every pleture seen
in the projection device, every bit of orthography or other display on the scope,
and every sudio message which the student hears, have been previously specified
and can be as standardized or varied as the experimenter desires. This is not
to say, of course, that all sources of variation are cortrolled. fhe CAT

_ facility does achieve, however, a degree of control equivalent to that of the
psychologist's learning research laboratory. Many pfobleﬁs in_learning‘theory,
which have been investigated rigorously only in a laboratory seltting, can now

ke locked at in an on-going school conmtext.

The second capability of CAT which is extremely important for research is
the collection of fine-grained response daté. For exaﬁple, in the Stanford-
Brentwood CAI laboratory, each response that each student makes is recorded on
the data tapes. Bach response record incindes a complete description of the
response in terms of coordinates taken from the face of.therscope or‘fhe kejs
depressed on the typewriter. The respoﬁse is defineé as correcf‘or incorrect;
and if it is incofrect, it isg categorized according to thé type of error made.
The response latency is recorded in tenths of a second. The contents of 31
_counters and 32 switches assoclated with the student's past history of perfor-
mance are also recorded with each response on the data tape. i

Another important use of CAT as a research tool is found in the area of
~mathematical paychology, particularly in the'area of mathematical'learning models.
The guantity and ﬁature of the response data‘which may be gathefed in the CATL
system allows the mathematical psychologist toltest his various models in a
situation that is a much closer appfoximation to actual classroom learning than
has existed in the past. Typically , such models have been tested tﬁrough infra-

organism behavior or through such contrived tasks as paired-asscciate list




7.

" Jearning or probability learning. The kind of sequential response data which
we are gathering in the Brentwood facility will be used in the development of
optimization models for learning (Groen and Atkinson (1966); Atkinson and

Shiffrin (1967)).

CAI: A Tool for Curriculum Evaluation.

. Another feature ﬁf CAT in the educational process is ip curriculun evaluation.
Our current metheds of evaluaticon are extremely gross, relying on standardized
tests or specially devised tests given on an intermittent séhedule. The best

that can be expected from such evaluation procedures is to be sble to compare

the general outcomes of one method or oné curriculum app}oach to some other method
or approach. Little or nothing can be said about the efficiency of any specific
sectlon of the curriculum. It is exactly at this detailed level that CAT exhibits
its greatest power for evaluation. The performance data gathered in the CAT
system msy be examined at all levels, from the perspeétive of overall goale or
from the perspectivé of the various strategies and approachés adopted in the
curriculum; we may examine responses to blocks of homogeneous problem typeé,
responsés to separate problem types and responses to the individual problems
themselves. At each level we can look st the students' perforﬁahée }ecords to
discover if this section or 1evé1 or item of the curriculum is functioning in

the manner for which i1t was designed.

DESCRIPTTON OF SYSTEM

Configuration,

The Stanford-Brentwood laboratory utilizes en IRM 1500 CAT system. The

1500 system was designed and:construqted by IEM engineers in close ccllaboration
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with Stanford personnel, Thé student response terminals consist of a cathode
ray tube (CRT), a modified typewriter keyboard, a light pen, a film.projection
device, and & set of earphones with an attached microphone. |

The CRT is essentially a television screen on which alpha—nuﬁeric charac~
ters and & limited set of graphics (i.e., simple line drawings) can be generated
“under compuber control. The film projector is a 16 mm. rear-view filmstrip
projector. Still pictures in black and white or color may be displayed undgr
computer control. Each filmstrip, in a self-threading cartridge, contains 1024
frames which may be accessed randomly by means of a binary code along one edge
of the film. |

" The major response device used in the reading program 1s the light pen.
Tﬁe light pen is a light-sensitive probe which registérs a portion of the CRT
trace comprising the CRT raster. The precise interval betweén the.initiatiog
of the sweep trace and registry of the trace by the light pen‘indicates whexre
the light pen has been touched to the séreen. This 1dcétion is stored as a
set of coordinatés in computef memory, These coordinates are evaluated by the
systemé Program and compared against predefined coordinates in the lesson program.
:This.comparison permits evaluation of = light'pen response as correct, incorrect
or undefined. Responses may also be entered through the Keyboard, however, no
use has been made of thig response mode in the reading program. This isg not to
minimize the value of keyboard responses hbut father to admit that-ﬁe have not
“as yet éddressed ourselves to the problem of teachipg first-grade children to
handle‘a typevwriter keyboard.
| Prerecorded audio'messages are played tq the thldren through the esarphones.

There is also an on-line recording capability. The children may,. when the




microphone is activated, record their own. production of a given text d15playéd
on the screen, This can then be played back to them with or without an'aduit
model. The recording and play-back capability helps compensate fof the'absence
of a voice analyzer. The system cannot evaluameﬁthe student'é voéal production
and therefore each student becomes his own volce analyzer.

The 16 student response terminals are serviced by an TBM 1800 Process
Control computer. This central Proce551ng unit has a relatively limited (i.e.,
32K) immediate access core storage. Rapid access bulk étorage is provided by
six interchangesble disk drives, éach disk containing 512,000 sixieen bit words.
The audio component of the system consists of a bank of IEM 1505 audio units.
Each sudic drive unit is connected to one of the response terminals but the
connections can be varied at will. Response data floﬁing into the system from
the student terminals iz recorded on two IHEM 2L02 tape units. An IBM 1501
gtation control, a 1LU2 card reader punch and a 1443 line prlnter complete the

'conflguratlon of the IHE 1500 CAT system.

Time ~-Sharing.

The TEM 1500 CAY system is a time-sharing system 3‘.1;1 the sense that. the
‘activities of each student response terminal are exaﬁined in sequence and appro- -
priate actions taken. Thé time-sharing is hot strictly sequential in that an
interrﬁpt feature allows certain priority conditions within the instructional

system to alter the sequence of programmed instrucﬁions.
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- A non-technical charactérizaﬁion of the flow of information in the.syétem '
may serve to éuggest the cperation of the time-sharing system., Assume that'we
are bregking inte an instructional session and that the system ié prepafing to
examine & response entered by a student at terminal l;_ The approfriate terminal
record and léssbn instructions are read frow the disk storége énd placed in core.

- The response coordinates from terminal 1 are evaluaited and coﬁpared to th&se .
stored in the lesson program for the given problem. (See the séction on lesson
coding for a detailed discussiop.} Decisions are made on the basis of the lesson
program logle and appropriate comﬁands are given: 1) to the station control to
digplay certain text on the CRT, 2) to the film projector to position énd display
a gertain framé, and 3) to the audio unit to play track o segment n to segment
ﬁ+p. The attention of the system then moves to termiﬁal 2 and the process is
xepeated.. |

The above description is almost allegorical in its oversimplification. It
.is intended only %o give a general feeling for what ié meant by tiﬁe-ﬁharing on
the system. For‘a complete téchnical discussion the reader is referred to CAT
Programing Systemé Users Guide, Preliminary Draft, IEM, Armonk, New York, 1967. .
The entire process moves at a very rapid'rate. Subjectively, the student
at the terminal feels that he has the full attention of ‘the system. The response
time for the CRT is less than one second and the projector respoﬁse is nearlf
as fast. The audlo response time is somewhat‘slower, ranging froﬁ 2- seconds

‘on the éverage.
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scriooi-LABoRATORY ORGANTZATTON

~ School Populsation.

The Brentwood School, a K-6 elementary schopl, is located in the Rﬁvehswood 
. City School District in East.Palo Alto, an unincorporatéd section of'San“Matéo
County adjacent to the City of Pale Alto. The population of the ErentWDOd;

" School is spproximately 80 percent Negro with the remaining 20 percent ahbout
evenly divided between Mexican-American, Oriental-American end Cauéasian. The
school qudlifies for federal aid to impoverished areés undgr Title T.

. The Stanford CAT Project is concerned with the firsf—gréde'studenfs at
Brentwood School. There are fbuf fifst-grade classrooms at Brentwood, two of
which recelve instruction in mathematlics under computér control and two receive
ingtruction in reading. OT the tworclassrooms in the reading program, the student
population is approximately 90 percent Negfo, € percent beicgn-Amgrican, 2 pers-

cent Oriental-fmerican, and 2 percent Caucasian.

Primary-grade Qrganization.

ihe students are grouped in first grade at Brentwood according to high/low
maturity. The grouping is made on the basis of recommendations by the kinder-
garten teachers and a reading-readiness test designed by distfiéi pérsbnnel. The
reading project works with both a high matﬁrity and a low maturity room.

Both of the teachers_involvéd in the Staﬁford-Brentwood CAI'Reading Project

. are experienced first-grade teachers; one hes been teaching in the Ravenswood

District for 16 years, the other for 7 years.

.Preparation for Innovation.

A serious attempt was made on the part of the Stanford Project to prepare

the'teachers and parents of the Ravenswood Distriect, and of the Brentwood School
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in ﬁarticular, for the accepéance of the.technological innovation of a-oomputer—
 assisted instructional laboratory. A good deal of effort was expended durihg

the schivol year 1965-66 in this preparation. Workshops were held for the Brent-
wood personnel and an extension oourse was conduoted by the projeot staff for
the'district pefsonnel. In both the workshops and the exten51on eourse dlscu831ons
- centered on the general concept of programmed learnlng, llngulstlcs and readlng,
tlme-sharlng on the computer, a description of the LRM 1500 system, and a very
thorough discussion of the reading curriculum. Besides the workshops and the
inservice training courses, weekly meetings ﬁere held withlthe principal ana
primary grade teachers at Brentwood to discuss in greater depth the plans for

the ensuing year. During the summer of 1966 a two-week workshop was held on

tﬁe Stanford campus for the two teaéhers who would be directly involved in the
: feading brogream. |

No attempt has been made on the parﬁ of the Stanford project fo dictate
in any way the on-going reading instrucﬁion within the classroom. ‘Rathor, we
_have viewed the compiete initial reading program as a shared responsibility based
on_informed cooperation betweer the project staff and the cléssroom toachers.
Weekl& meetings are held between the teachers and the project'pe?sognel to evalu-
ate the students' progress on'the system and to exchange views and information
-about both the classroom and the laboratory instruction, and the_perforﬁanoe‘of
- the students in both environmments. | |
A ﬁember of the Stanford staff is permaﬁently placed in the Brentwood‘Sohool,

actlng as & school—affalrs liaison offlcer. His duties include the resolution

of any organlzat1onal problems that arise in the runnlng of the CAT prOJect w1th1n
the Brentwood School and also the handling of large numbers of visitors who have

visited the laboratory during the year.
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The preparations and the current efforts for schocl-project cooperation
have paid off handsomely. The enthusiasm and supporf of the teachers has been
highly gratifying. We have alsc held many exhibits, open houses, and discussion |
groups Tor the parents of the Bréntwood Sehool and the patroné oflthe Ravenswood
lSchool District. Again, the support of the parents, the schooi board, the admin-

. istration and the teachers has exceeded all expectaitions.

Laboratory Organization.

The laboratory is housed in a rectangnlar prefabricatéd steel structure
approximately 3200 sguare feet in area, located on the Brentﬁoqd School grounds.
The bullding contains the terminal room, the off-line téaching room, the central
camputer room, and a group of officgs for the laboratory personnel.

The staff of the Stanford-Brenmtwood CAI.laboratory consists of ten members.
The-labératory is under the general management of a seniér.programmer who is'aisd
in cha?éé of the data reduction staff. His staff inéludes two programmers, two
graduate students and a secretary who alsc functions as s receptlonlst The
systems group is headed by another senior programmer who has on his staff an
aséistént programmer and a computer operator, plus a technician who handles audio
assemblies. The coding grdups fox 5oth the mathematics and the reading pfogram
are also housed in the laboratory. The reading.coding group 1s directed by &
senior lesson programmer and consists of four coders, plus part-time debuggers
' and graduate assistapts. A similar number bf personnel comprise the nathematics
lcoding group. Three proctors handle the children in the términal_foom.itself
‘and aré responsible for off-line instruction. iBM has also provided several
customer éngineers who are either on duty at the laboratory ar are on céll.. At
present the stability of thé system is such that the staff of IBM'customer

engineers has been reduced to & single man during school hours.
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Labofatory Qperation.

" Full scale operation with the students began on fhe first of Nbﬁember,rl966.
The starting date was somewhalb later thah originally anticipated, due t0 a‘delay
in the delivery of the 1500 Systém which arrivedﬁat thé Erentw&odlschool on July 10.
The ensuing irtervel from July 10 to Tovember 1 was devoted to-a shake—downiand

- debugging of the system which was, of course, untested in on~line operatioh.
On the first of November the students began comiﬁg to the laboratory on a
daily basis. The students received & week of orientation lessons outside the
- terminal room in the off-line teaching room.- During this period they were
acquainted with the use of the earphones,rmipropﬁone, and the light pen. Exer-
cises and games were carried out which acquainted them with the equipment and
_the kinds of learning %asks that they would encqunter.in the terminal room. During
the second week in November they were introduced gradually td the actual reSponse
terminals on a staggered basis; that is,.a~lesson in the terminal ¥oom was fol-
Jowed by a lesson in the off-line téaching room. By Nbvember 15 thg Stuaents'
were on the systém daily for é 20-minute instructional period.  During thesé_
early éxposures to the terminal equipment an adult was stationéd behiﬁa each
- child to aseist him with whatever problems he might find in hand;ihg'the equipment,
Tt was soon evident that the children were adapting quickly to their new environ-
ment, and the adults were graduslly withdrawn. By mid-November #he proctor étaff
_within the terminal room consisted of the samé personnel as it ddéé‘ﬁoday -~ one |
teaching.proctor, one machine proctor and a rémedial reading teacher. |
The students come to the.labqratory in four groups, since the terminal room
is eqﬁipped to éccommodate only one half of a normgl classroom at a time. . Eacﬁ

group recelves 20 minutes of instruction and there is a mininmm of 10 minutes
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between groups. The lO-minufe interval is necessary in oxder to preparé the
systemlfor fhe next group. The headsets and light pens are swabbed with alcchol
to minimize the risk of infection. XTach student iz signed-on at a respohse
terminal and the appropriate films and audio ta@és are-loaded inté the projedtbrs
and audio-drive units. When the sigﬁ-on process is complete the neme of -the
.student assigned to a given terminal appears on the CET. |

When a new group arrives, the students enter the‘terminal room, seat them-
selves before their assigned terminals, put on their earphones, toﬁch their names
with the light pen and the lesson begins. During the instructional seséion the
machine proctor is stationed at a proctor's typeﬁriter which transmits messages
from the central system. These méssages consist primarily of identification of
soﬁe systen or terminal failure, transfer of a studenf from one lesson to the
next, or rotification of an error limit exceeded at some terminal. In the case
.of system or terminal failure the machine proctor takeé approﬁriate action,
which mey range from transferring a student to an empty tefminal o notifying
éherhead systems programmer. VWhen a studenf transfers to a new lesson the ﬁachine
proctof must change his audio tape. Fach block of problems within a iesson has
an error limit which is 50 percent of the total number of problem; witain the
block. If this error limit is exceeded by the student, notification of this con-
.dition is transmitted to the machine proctor, who in turn conveys.the information
to the teaching proctor. The teaching proctor then observes the S%udent and
chooses between two éourses of action. If thé difficulty appears to be mechanical
(e.g., the student is not using the light pen correctly) or some minor misunder-
.étandihg of directions or lapse of attention, the teaching proctor may sign on

the terminal with the student and help him through the troublesome section. By
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sigﬁing'on the terminal, a pfoctor'bit is set in the response record to idéﬁtify

‘ responées which are not hecessarily'those of the student. If, however,_the‘
student's difficulby appesrs to be of a serious nature, the proétor may‘rémove

the student from the terminal and transfer him to the ?emedial teécherifor _
diagnqsis and pérsonal instruction in the off-line teaching roéml Fortunately,

- during the entire year's run the necessity for such off—line instruction h;s

_5een very infrequent. The remedial reading teacher hés functioged primarily as

an a@ssistant to the teaching prqctor within fhe términai room and has been brought
into play in her major function only when the system has géne'ddwn or an individual
terminal has failed. | | |

Both the teaching proctor and the remedial reading teacher hold elementafy
téaching certificates frpm the State of California an& are experienced classroom
teachers.. The machine proctor is a member of the lesson-programmiﬁg group. 'The.
childreg.are accompanied between the classroom and terminal'rgom by an assisﬁantr
proctor who performs certain cleficél tésks while the students are‘onFlige.

Since the two first grades in the reading program are part of the ungraded
primar& plan at Brentwood, a certain amount of transfer of students.betWeen The
~low and high maturity rooms has teken place in the course of th@_jegr._-Thé

exchange of the students from‘one group to another has beén one of the major
topics of the weekly meetings between the first-grade teachers and the Brentwood
project staff. We have been able to accommodéte all requests by %he'teachers
" for exchanging students.within groups. Our only stipulation has been that the
exchanges be made known to the project staff by Thursday of the week preceding
: £he actual change of students from one group to anqthef. The lead time has beén

necessary on our part in order to keep the student regisfry pack in proper or&er.
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The amount of migration of students to and from the Brentwood'School has
been rélatively small, at least for ihe two classroomé involvéd in the CAT reading
project. TFour of the original students have left the school and_héve been re- -
placed by four incoming students.

The population of the first-grade classrooms was éomewhat'smaller than
.anticipated for this year, which left terminals unoccupied for each of the'four
groﬁps. During the early phases of the program this érrangemenﬁ was foffuitous
.in that spare terminals were available for transferring a student when his briginal
terminal failed, After Easter %aéation 1% wae felt that the:system had achieved
a degree of stability, however, which no longer‘require@ a large number of terminals
to be available‘as backups. The empty terminals were then filled with an sppro-
priate number of remedial second-grade studenté. Since they started late in the
yvear thelr performance will not be considered in this report'eXcept to note in
passing that the second-grade teachers involved report a definite incréase iﬁ

interest and application to the reading‘task within the classroom.:

Laboratory~Classroom Cooperation.

Tt would be unreslistic in the eitreme to claim that all initial reading
“Instruction is being carriéd out in a 20-minute session on the CAT system; As
. stated previously, we view the program as one of cooperétive effort between the
normal classroom reading instruction and the Stanford CAL project. Accordingly, .
we haVe_aéquainted‘the teachers with the CAL curriculum and have issued regular
Vreports on the performance of their students on the system. We have asked, in
returﬁ, only that the classroom teachers keep us informed of the kind of instruc-
'tion they are carrying out within theif QWD roQmS. - This‘diaiogue is effected

during our weekly meetings.
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Both classroom teachers started the &ear with an individualized reéding
program. However, after the Christmas vacation a more structured baéal series
approach was introduced.. From approximately mid-February to the eﬁd of tﬁe year
an eclectic approach was used, incorporating feaéures of both fhelbasal seriesﬁ
and the irdividualized nrogram.

fhe project’s contribution to the dislogue consisté primérily of a weékly
report which is generated by the computer and which gives the student location
by lesson within the curriculum, plus a weighted index of each student's per-
formance within each of the standafd lesson 5locks. This performance index is
cumulative but is Weighted for current pefformanée more heavily than fér paét
performance. Alsc included on the weekly report is a record of time lost from
_the system due to various causes and a cumilative totﬁl of each student's time
on the system. On the basis of the weekly report and discuséion Withip the
weekly meetings, the classroom teachers are able to devise and carry out instruéf
tional procedures appropriate to each sfudent's progress on the syétgm.
iéeally, a CAI system such as this would have available for the claésrdbm
teachef a large set of closely correlated materials. Efforté,have'been.initiaied
toward this goal. An exiensive iteacher's manual is being Writtgq which will in-
clude not only a detalled description of the curriculum but also a large number
of correlated and well prepared classroom activities from which the teaéher nay
choose. Exercises and games will be keyed to blocks of lessons ahd'will be
-applicable to small groups as well as to indi%idual‘students; The manual, &t
least in its elementary form, will 5e avallable. for use during'the'schpol year'
-1967-68. _Both of the classroom teachers involved in the reading projecf for tﬁis
past yéar will assiét in the design and writing of the ménuél &uring the summer

of 1967.
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CURRICULUM RATTONALE

A bagic assumption underlying the Stenford CAT Reading Curriculum is that
the English spesking child brings to the initial reading task = relativelj large
vocabulary and at least an operational knowledge of English syntex. He has a
knowledge of the language which is sufficient to enable him to communicate with
"his peers and with adults. Therefore, the primsry goal of initial reading is’
not to teach the languasge but to teach the orthographic code by which we represent
our spokeh language.

If one is attempting to teach a codé, the most reasonable approach is to
begin, not with all the irregularitles and exceptions, but rather with the regular
and consistent paiterns. Thiec position is not unique to the Stanford Project.

It has been advocated by linguists for some years {Bloomfield (1942), Fries (1963))
end has been implemented in several "linguistically oriented" reading series. The
sequeﬁcipg_of monosyllabic patterns {Table 1) and certain extensions and refine-
ments of the basic notions as stated by the above-mentioned authors, constitute
the origihal work in curriculum design carried out by the Stanford Project.

K detailed discussion of the psycholinguisiic rationale of the curriculum

may be found in Rodgers (1967) and Hansen and Rodgers (1965). The following
quotations from Rodgers (1967) provide a concise summary of our goals and procedures.
From a practical point of view, cur program is an attempt

to provide non-readers with some limited analytic skilis--
phonological, merphological, syntactic and semantic--and

some considerable confidence in the use of these skiils.

It is not our intention to teach the chiid a1l of the

sound-symbol pattern correspondences, all of the morpho-

logical variations,.ali of the usages of frequent vocabulary
items, or all of the sentence patterns of English. It is

our intention to give the student encugh skiil and self

confidence to involve him in that confrontation knmown zs
. beginning reading. We believe it is the ability to make
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reasonable inferences concerning unfamilisr or unobserved
sequences on the printed page that we are ultlmately trying
to teach in reading.

We have defined the Stanford approach to initial reading

as applied-psycholinguistic. Hypotheses about the nature

of the reading process, the nature of learning to read, and

the nature of teaching reading have been constructed on the
basis of linguistic information about the structure of
language, empirical observations of language use, and an
analysis of the functiorn of the written code. These hypotheses
have then been tested in experimentsl situations, structured:
to represent as realistically as possible actual Jearning

and teaching situations. On the basis of experimental findings,
these hypotheses have been modified, retested and ultimately -
incorporated into the curriculum as principles dictating
presentation variables and values. This is, of course, some-
what of an idealization sinece wvery little curriculum material
can be sald to have been the perfect end-product of rigorous
empirical evaluation. We would cleim, however, that the basic
tenets of the Stanford program have been formulated and modified
on the basis of considerable empirical evidence. Tt seems
probable that these may be further modified or re-formulated
on the basis of the considerably greater amount of emplrical
evidence which will be available as the result of = year ] CAI
experience with classes of beginning readers.

CURRTCUTUM DESCRIPTION

The Stanford CAI Reading Curriculum may be divided into four broad areas
of concentration: 1) decoding skills; 2) comprehension, 3) games and other
notivational devices, and 4} review. The Jesson material and teaching stfategies '
will be discussed briefly inleach area. While all lessbns are not alike in their
waquence of events, the block level flow chart {Figure 2) of Levgl ITT, Lesson 9,

nay be considered as a fairly representative example.
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WORDS STORY INITIATORS WORDS STORY
Figure 2.

Lesson Flow-Disgram







1. Decoding Skills

Letter and Letter-String Identification.
No direct attempt is made to teach the names of the letters. TFrom the
point of view qf our program, letter names are in many instances at odds with
the dominant sound which the letter represenis. Iletter names are used in the
" audio messages but the emphaslis is on discrimination and recognition of individual
letters and letter-strings in varylng orthographic contexts rather than on

mastery of the letter names themselves.

Single Letter Matching. A model letter is presented on the projecter and
two or three letters are presented on the CRT. The wrong alternatives are aesigned
to include letters considered to be easily confused due to their similar ortho-
grephic features. The student is requested to choose the letter on the scope

that matches the model presented on the projector.

Letter-String Matching. A model string of two or more letters is presented
on the projector and a choice of twé or three strings is presented on the CRT.
The student is requested to chcoose the alternative that métches the model string
on the prcjector. The alternative letter-strings ineclude reversals, cne letter
differences, two letter differences, easlly confused letters, and differences
in serial crder.

Same-Different Task., A pair of letter-strings is presented on the scope.

The student is requested to touch one of two boxes that designates whether the
letter-strings are fhe game or different. The letter—strings are designed to
include reversals, one letter differences, two letter differences, and easily
confuéed'letters._ This task provides additional opportunities to acquire func-
tional recognition cues and the serial order concept of letter sequences within

words.
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Word List Learning.

Tﬁis section of the curriculum may be described as a set of paired-asséciate
tasks where the stimulus is the verbal pronunciation or pictorial representatidn
of a word {or both), end the response is the correct ldentification of the appro—
ﬁriate written‘word in g list of Wri%ten words. The lists fof any glven lesson
ére composed of words generated by the rhyming and alliterative pattergs being
presented in that lesson.

Quantitative learning models, appropriate_to the paradigms in this section
but similar in nature to those existing for classic paired-aséociate learning
(Atkinson, Bower, and Crothers, 1965), may be developed to describe acquisition
processes and to assess the effects of learning and forgetting.
| Five problem types (PT) are included in this secfion with each problem type
containing approximately six problems. Each PF represents a Sfep in a cue-fading -
technique. The five PT's are: |

PT 1 - Cues: Picture, Orthography, and Audio
PT 2 - Cues: Pictu?e and Audio

PT 3

Cues: Audio only
PT 4 - Cues: Picture only

PT 5

Criterion Test. Cues: Audio oniy

The student responds to a set of cues by touching a word in'a 1ist of words
on the CRT. Each ‘student response receives immediate feedback., If a response
ig correct it is reinforced. If it is an error the corréét answer is indicated
by an arrow and an overt.correct response is réquifed before the next problem is

presente&, or the student is branched to appropriate remedial problems. .This is
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a genersal teaching strategy ﬁhich is adhered to throughout all the lesson materials
except in the case of fﬁe criterion tests. PT 5lis g éfitérion £ést and'is gimilar
to PT 3 except that no feedback or corréction is given on the‘first presentation
of the list. If the student meets criterion (i.e., no errors) on the Tirst cycle,
he leaves the ﬁord list presentationfblock. It he.doesﬁnot meét critericon, he
returns to the task described in PT 2, branches past PT.3, and is presented with
those items in PT 4 which he missed in PT 5. He thenrmakes a second cycle through
PT 5 with correction and optimi;ation to one initial correet response for each
item. |

.The problem route for these five problem fypes is represented by the flow
diagfaﬁ in Pigure 3. Correct response roqtes are indicated.by Solid lines aﬁd
‘rémedial Brancheé by.dotted linés. |

The optimization routine referred to in Figure 3 cycles the student through
the 1list of response requests, repeating only those items which were responded

to incorrectly until each item has received one initial correct response.

Remedial Materials for Word List Presentation Sections. .

Early studies designed to test the feaéibility of the lesson material indicated
that the performance of a‘small percentage erthe students was lower than antici-
pated on the word iist materials. Tt was difficult at that time to specify all
“of the pioblems of these slow learning students since the learning difficulties
were varied and complex. waéver, the learning problems can be grouped into four

categories:




1} A need for finer discrimination of initial or the final units of

stimulus words either as letterslor as sound patterns or both.

2) A neegd for practice with fewer words. Ehe memory progessing

capacity of some students seemed to be over—téxed.

3) A need for extensive practiée on glven words that troﬁbled a

particular child.

4) A need for a richer semantic context within which to relate the

new words being learned.

Four sets of remedial materials to supplement the word presentation section
were developed to give additional specific practice to those students experiencing
one or more of the above problems., The four remedisl sets are called: 1) Letier-
Word Saliency, 2) Alliteration and Rhyming, 3) Rich Séntences, and 4) Reduplica-
tion and Sentence Initiator.

The four Blocks of remedial word presgntation materials are sequenced after
PT 1 in the word list presentation ﬁlock. It will be recalled that in a coa~

ventional sequence for the word 1ist presentation block in PT 2 (Figure 3),

g e P ek AR et A SR W S

the picture is presented on the projector without the printed word, and a touching
response to the appropriate word on the scope is requested. A counter is set at
the beginning of PT 2 so that it taliies the errors for each initial presentaticn
cyele but not for the optimization routines, At the end of the first cycle, the
counter is examined. TIf its contents exceed a predetermined value (e.g., 50
percent of the number of response requests) the student is branched to the first

sasigned block of remedial material.
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After completion of the remedial block, the student is returned for another
pyclerthrough P 2. The.errof counter is agaln set to zero and the above operation
is repested. If the student again has an erfor rate of greater than BO.percent;
not inciuding the oftimizatibn routine, he is branched to the second assigned
block of remedial material. The braﬁching process is repeatedrif necessary uptil

- all four blocks of remedial material have bgen exhausted; In the case yhere a
student completes a fifth failing cycle in PT 2, he is branched oﬁt of the in-
strﬁctional megterial and the prqctor is automatically called. It is possible
then for a student to receive from zerc to four remedial presentations according
to the evaluation after a cycle through PT 2.

If a student meets the criterion for Prohlem Type 2, he proceeds through
Problem Types 3, 4 and 5, to the word criterion test.- The decision counter is
again set to zero at the beginning of the word criterion'tesf. If a student -
meets criterion he proceeds to the next section of lesson matérial. If his.
performance in the test does not meet criterion and hig error rate is less than
50 percent of the number of résponse requests, he is branched to PT 2. If,
however, the error rate exceeds 50 percent, he is branched directly to the next
of the remaining remedisl sections before being récycled through PT 2, 4 and 5.
In a second cycle through PT 5, the student is given an optimization routine
and allowed to proceed to the next section oflthe curriculum. Therefore, there
are two ways by which a student can reach the remedial materisl. .The first is
to exceed the error criterion for ?T 2 and the second is to exceed the errcr
criterion during the first cycle of PT 5.
| The same general procedures apply to either method of entering the remedial

material. It must be noted, however, that only one entrance to the remedial
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material may be made from thé word list criterion test since the second pass

through the criterion test is purely ar optimization routine with no error counter

‘being get for second branching to remedial loops. An evalusation of the remedial
material and the remedial sequence will be made in the following mamner, For
each word list presentaﬁion section (that is to say, for each-lesson), the fOur

‘Elocks of remedial material have béen randomly ordersed. The response daté of,
studentis receiving remedial material will be subjected to off-line anal&sis in

an attenpt to discover if the increments in performance Tollowing each of the

remedisl blocks differ significantly from each other,

Matrix Construection,

Certain rhyming and alliteratiye word patterns can be considered regular;
that is, certain graphic sequences correspond without exception to certain sound
sequences. Fries (1963) and Bloomfield (1942}, among otﬁers,.have suggested’
that such patterned word regularity may be a key'conéept in learning to decode
English print. This decoding concept is implemented in the Stanford materials

o1

via the sequencing of moncsyllabic patterns as shown in the Vocabulsry Sequence
Chart (Table 1). The sounding matrix is an instructional technique which allows
for practice in learning to associate orthographically similar sequences with

appropriate rhyme and .alliteration patterns.




Table 1.

LESSON SEQUERCE

cVeg eV cvee ovve evv ceeve
LEVEIS ve cve ceve ceVegd : cevv
ceV cevec cevve eveece
ceeVeg : ceevv :
I ae cac
i3 lesson
‘II ie cic cecac
19 lessons
. che -
I1T ec . cec cele € cA
. cched
23 lessong
v See Note 2.
29 lessong-
y cI Y
‘ cled. €
v oc coc ceec coTed cE cc¥ cacc
23 lessons ‘ ' : I ceE ‘
: . al
VI See Note 2. oo ay
36 lessong : ight
T - = - a’
. CECE CUCE ClCC CECcC coc 3 o
: ccOcg el ccace ‘ e
VII uc- cuc ccoe . . &
13 lessons clUcg - . . cc0 ccice _ . ¢ i cee
- _ collod ' ‘ - |ecece - e
. _ cucc oW Oy - - o
. coce ee le cceue
I ee Note. 2. (b33 X
6 VLI See Note 2 | ce ccuce ea el cuccee
|65 lessons ‘ ccoce ew o

Note 1: ¢ = any consonant; v = any short vowel; V any long vowel.
Note 2: Less freguent and less regular variations of preceding patterns (e.g., post-vocallc r, w, ete.) -
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Rhyming patterns are presented in the columns of the sounding matrix.

an
¥ ran
f fan
c can

Alliteration patterns are presented in the rows of the matrix.

an. at ag

r ran rat rag

The matrix is constructed one cell at a time. The initial consonant of a
consonant-vowel-consonant (CV0) word is termed the initisl unit and the vowel
and the final consonant are termed the final unit. This division is maintained
later when the words are.composed of conscnant clusters and diphthongé. Thé
intersection of an initial uwnit row and é final unit column determines the entry'
in any cell.

The problem format for the construction of each cell is divided into four
parté: Parts A and D are standard instructional sections and Parts B and C are
remedial sections. The flow disgram (Figure 5) indicates that remeﬁial Parts B

and C are branches from Part A and are presented independently or in combination.

The following example of a matrix cell construction 1is presenfed in some

detail in order to highlight the instructional sequence and remedial branches.
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The student sees the empty cell with its associated initial and final units and
an array of response cholces. IHe hears the audio message indicated by response
request number 1 (RR 1) in Figure 6.

- —— - - -

If the student mskes the correet response (CA) (i.e., touches ran) he proceeds
to Part D where he sees the word written in the cell and receives one additional
practice trial (Figure 7).

In the course of an errorless trial the student hears the word pronounced
three times and he must identify and pronounce it twiée.

In the initial presentation in Part A, the multiple choice items are d§~
signed to identify three possible classes of errors:

1) The initial unit is cofrecfly ideﬁtified but the final unit is not.

2) The final unit is cdrrectly_identified but the initial unit is not;

3) Feither the dinitial unit nor the final unit is correctly identified.

If, in Part A, the student responds with fan he is branched to remedial

section B where attention is focused on the initial unit of the cell {Figure 8).

If a correct response is made, the student is returned to Part A of the
problem for a second attempt which will be optimized for & correct response. If
an error-response (WA) is made in Part B, the indicator is displayed above the
initial unit beside the cell at the point indicated by the first .circled super-

seript () in the audioc message and held until the second superscript-(j)



! ERROR : TYPE | '
PARTA £~~~ 7 ™| PART B _,._Jl
1 I

l|I TYPE 2 ' |
I-L—--_—_,.. PARTC  |=|

PART D — =2 —»| PART B4C |-»

Figure 5.

Matrix Flow Diagram






an

rat
bat
fan
ran

an

r ran

RR 1: Touch and say the word that
belongs in the empty cell.

CA: ( Branch to Part D)

WA 1y No, [rat = final - C, - A
fan = initial - B, - A
bat = other - B, -»C, — A
{CA
WA 2: No, touch and say ran.

Figure 6.

Matrix Problem, Part A

RR 1: Good, you have put ran in the
' cell. " Touch and say ran.

CA: Good, ran. (— next problem)
| ~ iCA
WA: No, touch and say ran. -
Figure 7.

| Matrix Problem, Part D
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At the completion of the response requesf, the indicator is placed beside the
correct response area.and held until a correct response is made (gﬁ).

If, in Part A, the student responds with rat, he is'branéhed to remedial
section C where additional instruction is given-on the final ﬁnit.of the cell
(Figure 9}. | |

_ The procedures in Part C are similar to those of Part B. It should be noted
in the remedisl section that the initial letter is never pronoﬁnced (Part B)
whereas the final unit is always pronounced (Part C).

If, in Part A, the student responds with bat, he is branched throﬁgh both
initial and final unit remedial work.

When the student returns to Part A after completing a remedial section{ a
correct response will advance him to Part D as indicated. If a wrong answeyr
response 1s made on the second pass; the indicatof arrow is placed béside the
correct reéponse area and heid until a correct response is made. If the next
respoﬁse is still an error, a message is sent to the proctor and the sequence
is repeated from the beginning. 7

When a student has made a correct response on Parts A and D, he is advanced
to the next word cell of a mafrix which has a problem format and sequence identical
to that just described. |

The individual cell building is continuéd until the matrix is complete. The
majority of the matrices in.the lesson material contain from six to twelve words

and nonsense syllables. Nonsense words are considered legitimste cell entries

under the following constraints:
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1) Nonsense items are occurrent Enélish syllables.
2) DNonsense items are not used which represent "fegular" but unconventional
| spellings for. common monosylliablic words. For example, although sed

represepts a regular spelling for the initiai Englisﬁ syliable in words
such as sediment, it would not be presented in mairiﬁ formet since it
would be considered an unacceptable spelling for the homophonous mono-
syllabic word said.

3) The proportion of nonsense words in the matrix is less than 40 percent
of the total cell entries.

When the matrix is complete, the entries are recrdered and a criterion test

over all cell entries is given (Figure 10).

Insexrt Figure 10 about here

Randomized requests are made to the_student to identify fhe cell entries.
Since the first pass through the'criterion matrix is a test irial, no reinforce-
ment or correction is given. ‘Errors are categorized as initial, final, androther.
Remedial exercises are provided for both initial and final errors. The branching
procedure 1s similar to that in the cell construction section with the exception
_that, whereas the branching in the cell construction block is contingent on each
separste response, the branchiﬁg in the criterion test is contingent on the total
performance in the test. If the percentagelof total errors exceeds some specified
-criterion percentage (e.g., 20 percent) of the total responses, the category

registers are examined. If all the errors are recorded in one category (initial
ér final), only the remedizl material appropriate to that.category_is presented.
If the errors are distributed over both categories hwoth fypés of -remedial material

are presented., This material is highly similer to conventional phonics exercises.




an

h

an

an

- at

ag

RR 1: Touch the initial unit of
the empty cell.

Ch: Good.,
¢
WA: @(r[___'j) No, this is the
initial unit of the cell@

so touch this.

Figure 8.

Latprix Problem, Part B

ER 1: Touch and say the final unit
‘ of the cell.

CA: Good.

an
WA: ®(|:') No, an is the final
unit of the cell@ 56 touch

“and say

-3
ag

Figure Q.

Matrix Problen, Part C







s

at an
fat | fan | fag
rat ran | rag
cat | can | cag

Figure iO.

Matrix Criterion Test

Touch and say:

RR l: ran
RR 2: cag
RR 3: rat
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The standard optimization scheme in which an initial correct ¥esponse is
obtained for each item is used for sll sections of reﬁedial material.

After working through one or both of the remedial segtioﬁs, thé'student is’
looped back for a second pass through the_criterion mabrix. The éeqond,passtis
a teaching trial as opposed to the inmitial test cycle; the'student proceeﬁs-with

.the standard correction and optimizatlon routines.

Compound Words.

The aﬁproach to compound words assumes the existence of a learning-fransfer
procéss-in which the child knows how to read one. of the two é;ements that form
the compound word. The learning task cdnsists of reviewing this knﬁwn word and
learning the unknown part of the comppund. In addition the child must comprehend
the conventional meaning -of the compéund word as well a5 its role in a fairly
rich sentence. Thus we are utilizing compound words to‘étudy the degree to which
childrén can transfer partial reading mastery (i.e., ?ecognifion of one of the
two words in the compound) to a variety of reading contexts.
| Compound wordsrare introduced in Level ITT and are initially composed of
two known monosjliables (e.ge, bat end man are mastered prior to the presentation
of the compound baiman). Sequences are then introduced comprised of five com-
pound words of Which.only one éf the elements is known. AWﬁrds are selected
according to the following three criteria:

l)_ Trequency in initial reading materials,

2) imaginative.possibilities so that semantically rich éonteXt séntenées

may be written,'

'3) the opportunity t§ vary the known word in initial and final position

in the five compound words (e.g., hatbox, firehat, hatband, ete.).
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Polysyllabic Words.

“Qur approach to non-compound polysyllabic words focuses primsrily on thé
role of stressed syllables in their relationship tb verbal rehearsal and‘memory
processing. We hypothesize that polysyllabic words with stress onlthe first.l
sylleble and a reduced or neutral vowel (usually transcribed as schwa (o)) iﬁ
the final syllable will be most easily learned. In therstanford Reading‘Cur—
riculum the acquisition of polysyllabic words is, as With compound words, a
transfer learning process in which the first syllable of a polysyllabic word
follows the patternh previously tauéht in the word list end decoding exercises.
The stress and the number of syllables involﬁed in the sequénce are tightly con-
trolled. The precise rules for sequencing polysyllabics are as follows:

1) the words are, at first, bisyllabie,

2) the first syllable of the word is stressed,

3)'.the vowel of the Final syllable is represented as phoﬁemip /s,

excepting /in /, /1iy/, /iy/

L) the first syliable is regular in that it follows the pattern learned

| in the word list and matrix exercises,

5) the word is monomorphemic where possible, and )

6) the words are found in the Lorge-Thorndike Word List (194).

Utilizing these fules, the unstressed secpnd syliables shown in Table 2

were added to an appropriate wvocabulary item to form & polySyllabié word.

Insert Table 2 about here

Polysyllabic words are introduced in Level IV. First presented are double

rhymes in which the list words for a given lesson are both graphemically and



Tahle 2:

Unstressed Second Syllasbles

Initial Syllable + { ng} 1 stem + V | Stem + CV | Stem + CaC
age el ic on ¥y 1y " let
al le ing or ling
ar en ip ot ness
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' phqﬁemically alike except for the initial consonant (e.g., bitter, litter; ete. ).
Subseqeently,_words are_presented ln which the second syllables rhyme and repre-
sent morphemically similar elements (sepling, sterling). Iﬁ general, polysyllabic
words that are of high frequency and are useful for the story material'were
selected. We assume the words are uﬂderstandable toithe_children,_although ne
‘sementic criteria were specified. “ | |

The sequence of polysyllablc vocabulary allows for a build-up from twa to
three syllable worda. There are direct systematic variations given between
monomorphemic aed polymorphemic word entries, A1l of these tariatloﬁs Will_be
evaluated for their influence on the learnlng process |

The lesson structure for polysyllablc words consists of a seguence of approx-
iﬁately Tive words For each pattern type (double rhyme, second syllable rhyme,
morphemlc or non,morphemlc second syllable) the chlld is glven a screenlng test
similar %o the matrix screening test. The ehlld is esked to touch the cell
ﬁhere the two elements joined togetﬁer such as lad + EEE forming ladder belong.
Should the child be qnsuccessful, he is presented with a rhyme utillzlng the
words from the screening test, fellowed by simple phonemic-graphemic deceding
exercises adgusted to that partlcular pattern of polysyllablcs. The c¢hild
performlng successfully on the sereenlng test, and the chila who has been presented
with the phonemic-graphemic exercises then proceed to a lesson utlllZlng two
words from the screenlng test and three to fbur others Whlch follow the pattern

being presented

Sentence Initiators.
In reading written discourse, our learning objectiwve is to train the initial

readers to pronounce sentences with conventional intonation. A common reading
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. behavior for beginners is giving "final word stress" to each of the words in &
sentence. We wish to teach the child to adjust his timing, pitch, and stress
contours so ae Lo read senbtences with intonation patterns commonlylfoundfih'
speech. This learming task tekes on significance when one becomes aware that
our CAI system does not include a speech analysis device nor is such a deviée
_éven fechnologically.a#ailable at this time; We depend upon our initial reader
to be his own speech analyzer in this section of the Stanford Reading Léssons.

IWE do have avallable one of the important features of‘any CAT system, hamely,
the precise control of the timiﬁg‘of 81l dearning events. The virtﬁé end logistic
ﬁuisance of é CAT system is the required specification of all the time intervais
Tor each of the instructional and reinforcement évents within every problem. In
this, as well as other sections of the lessons, we ﬁtilize the pacing feature of
‘the CAT system.to accelerate the reading—sfeech output of the children and, con-
sequently, cause the children to approximate the speed and rhythms of hormél
speech while reading. | |

We maximized the expectahcy of conventional sentence intonation by selecting
high ffeéuency senfence components such as "It's a," "Thét's a," "They can," etc.,
that are utilized commonly in the introduction of high frequency nouns and véfbs
in'speech. These high frequéncy initiéting sentential strings Wére-selected
from Carterette's (1965) list of mnlti-word units uttered by six-year oid children
during a free discussion session. It is %o bé noted that these ﬁbrd strings are
pronounced bj the chiidren as 1f they were pblysyllabic words. Tq each sentence
imitiator we attach a noun or a verb the chiidren héve previously learned in

the list and matrix sections of the lessons. This provides us with an opportunity

. to review these words.
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Af'ter a number of pillot investigations focused on the timing of the learning
events, we found the following experimental procedure to be most promising in
termg of achieving our objective. The sequence of the procedure ig ag follows:

1) anticipation interval; a sentence sppears on & display device -and

the child is given two seconds with which to attempt an oral reading.

2) reinforcement interval; the audio device then plays a reading of the

sentence to the child.

3) modeling interval; the child is given two seconds to repeat the reading

of the sentence. For each new sentence the cycle 1s repeated.

In reinforcement terms, the child is expected to use self-ewvaluation in order to
note any discrepancies between his reading and the machine's reading.

Each exercise in the "sentence initiator" sectioﬁ contains 25 sentences.
Each initiator is presented approximately five fo ten times in a given 1essop
and for a total of 10C to 125 exposures in all the lessons. At this point, the
sentence initiator is utilized in the siory material.

The manner of presentation of the sentence initiators allows the studeﬁt
to monitor his own production by comparing it with the audic model. Additional
monitoring of the student's performance in the sentence initiator material is
accomplished by the proctors and by cample recordings made on a separate recording

system.

2. Comprehension

Producing the appropriate verbalization when confronted with some orthography
{decoding or word-attack skills) is a necessary com@onent but not a complete
definition of reading. An equal and ultimately more importaﬁt aspect of reading
may best be termed "comprehension.” Although s great deal has been written about
"reading comprehension,”" it is not at all clear what we mean by the term. The

general apprcach in current reading materials and reading achievement tests is




36.

at the paragraph level and pfimarily employs practice in recall o? identification
of specific deteils and sequence of events and in idéntifying'the "main idea."
While using the standard techniques, we have also attempted té-look.at the
question at the sentence level. Although we maké no claim_of‘achieving a coﬁplete
 definition of the field, we advance three propositions as necessary componehts
. of suéh a definition. 1In order to maintéin that one comprehends a sentence one
must be able to demonsirabe that one has: 1) an approériate set of semantic
associations for each lexical item in the sentence, 2) an operational knowlédge
of synbax, and 3) the ability to iﬁentify the lexical items in the sentence
which convey & given piece of informatioﬁ. |
The next three sections of lesson material fto be described are desighed
pfimarily to gather data pertinent to the above propoéitions. They are not, in
the strict sense, teaching sections except that, as is the cése throughout the
_ lesson material, an overt correct response is-required for eaéh préblem hefore
the next one is presented, We do not feellthat enough is krown about'compre-
hension *o justify elaborate Branching, remediation and optimization routinés.
prefuily, some indications of how we might develop reasonable teaching strategies
in this area may be found in the data collected in the following segtions of the

lesson material.

A list of words is displayed on the scbpe. Definitions are given auditorally
lone at a time and the student must identify the word thaf.matches each definition
by a tbuch-probe responsé. The definitions aré chosen with the following

constraints:
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‘l) If the word appears'in the Rainbow Dictionary (Wright, 1959), all the
neanings defined in that dictionary must be used.

'2}' I the word does not appear in the Rainbow Dictionary but does.appear
in the Thorndike-Barnhardt Beginners' Dictionary {196L), at least o.ne
of the definitions must be used. The choice of usages is governed by
the criteria of freguency and usefulness in story material.

3) If the word does not appear in either dictionary, it will not e
iﬁcluded in the usage\gection nor used in succeeding lesson materials
(e.g., sentences, stories).

A strict "dictionary definition” format is aveided inrdefining word items.
Standard definitions have been re-comstructed to stress functional meanings.
This re-construction can be seen in the folliowing exaﬁple. For the word bat
one dictiénary definition is: "a stout wooden stick or club,rused to hit the
ball in.baseball, cricket, ete.” In the lesson materials thié is reformulated
in the following instruction: "Touch and sﬁy the word‘that means something you
might use tc hit a basebsll."

A-correct'response is reinforced by confirmation of the functicnal defini-
tion, "Yes, you hit a baseball with a bet.” An incorrect response is corrected
in a stralghtforward manner, "No, you hit a baseball with a ;Zﬁ. Touch and say
bat.”" Thus, for an initial correct response the definition is associated with
the word iwice. For an initial incorrect response, the definition is associsted

'with the word three %imes since the student will receive the reinforcing con-
firmation after his correct response has been made. No branching or optimization

- routines .are employed in the usage section.
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qum Class.

- As part of the concept of "comprehension" of & sentence, one must consider
the child's basic understanding of English syntax. One behavioral ﬁanifestation
of a child's synbactic sophisbication is his abiiity ‘o functicnally group w&rds
into commorn form classes (nouns, verbé, modifiers, etc.). Thié section provides
-lesson materials that both assess and teach the form class characteristics foxr
the words just presented in the matriz section.

The following type of problem is presented to the student:

tan Only one of the words in the column

Dan ssw the fat | hat. will make sense in the sentence.
marn Touch and say the word that belongs
run . in the sentence.

CA: Yes, Dan saw the tan hat.
Do the next one,
{CA
WA: MNo, tan is the word that mskes
sense, Dan saw the tan hat.
Touch and say tan.

The sertence is composed of words thaf gre in the well-practiced reading vocab-
ulary of the student (i.e., they have been presented in previous or current
lessons). The elements of the.multiple choice set inciude a word which is of
the correct form class but is semantically inappropriate, two words that are
of the wrong form ¢lass, and of course the correct word. A controlled varlety
of sentence types is employed and the answer sets are disffibuted over all
syntactic slots within each sentence type.

Response choices ave categorized in rather broad terms as nouns, verbs,

modifiers, and other. The response data are examined for systematic errors
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T over a large number of stems. Examples of the kinds of questions that will be
 asked of this dats are:
l)'rﬁre errors for variocus form cliasses in various sentence positions-
similarly distributed for = given—studeﬁf? for the géneral-popul&tion?
2) How are response latencies affected by the syntactic and serial position
of the response set within the sentence? by the senterce? by the sentence
length?
Answers to these questions and oﬁhers of a similarly general nature should provide
information that will permlt more systematic study of the relationship of sentence

structure Yo reading instruction.

Inguiries.

Individual words in sentences constituﬁe.unique and conversationally correct
answers to guestions. These questions take the interrogétive form "Who - - -7,
What - - -7, How - - -?" ete. The ability to éelect the wora in a sentence that
unigquely answers one of these questions demonstrates one form of reading compre-
hension at the level of the sentencé. The set of exercises described in this

section constitutes an assessment of this reading comprehension ability.

John hit the ball. , Touch and say the word that
answers the gquestion.

RR 1 Who hit the ball?

CA: Yes, the word "John" tells
~ us who hit the ball.
. dCcA
WA: Ko, John tells us who hit the

ball. Touch and say John.
RR 2 What did John hit?

CA: Yes, the word "ball" tell us
what John hit.
A _
WA: No, ball tells us what John hit.
Touch and say ball.
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As in the form class section, each sentence 1s composed of words from the

student's reading vocabulary. A wide variety of sentence structures are utilized
beginning with simple subject~verb-cbject sentences and progressing to structures
of increasing complexity. The data will be examined for effects caused by the

different sentence types.

Stories Read to the Children.

From the very beginning lesson the children have an opportunity to listen
and react to children's literatire. This section of the lesson material has
been designed for the following purposes:

1) to expand and widen the children's literary experience,

2) o indicste how the rhythmland flow of language is consistent with

the thematic material,

73) tq improve the children's listening comprehension in. order to compar

it in future points with the children’s reading comprehension,
L) 4o receive the children's reactions to such varlables as
a) thematic contentrof the story,
b) length,
¢) style (narrative versus expository form).

In the actual lesscn format, the story is presenteé on the CRT, sentence
by sentence, so the child can follow the prirt as it is read to him. Plctures
are pfesented with stofieé if the Project staff telieves the children need help
in understanding certain concepis being presented. The mode of presentation
-gimulates, in some sense, a parent holding the child in his lap and reading a

story aloud -- an experience which unfortunately many children have missed.
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"At the completion of eaéh gtory, the following types of questions are agked:

1) subjective ratings as to positive or negative reactions,

2) specific guestions on factual identification of characters or events

' in the story, | ’

3) identification of the main theme of the story,

L) identification of the sequencing of events.

In a given story cnly some of these questions afe employed; we, in essence,
let the content of the story deﬁermine the type of questions asked. The number
of questions also varies although typically there are approximately fivé questions

per story.

Stories the Children Read.

When the children have mastered a suffiéient amountl of woesbulary, including
function and syntax words, stories which are actually réad by the children are
intrcduced into the reading lessons., These original'children's stories are
developed by staff mémbers wno are skilled writers and understand children's
literature. The principal problem-encountered.in this process is that of cresting
storiés around a highly restricted vocabulary. Therefore the following criteria
were utilized in preparing and editing these original stories: B

1) the variety of literary themes,

2) the children's Tamiliarity with the themstic content and characters,

3) logical éequencelof events, |

4) simplieity of plot and characterization

5) appropriateness in the use of the restricfed vocabulary,

6) Vstory length. |

These stories are first inserted in the lessons at Level. IV.
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‘The stories are presentéd on the scofe in the same manner as a story is
presented in a story book. The child is to read the story by himself. If ﬁe
does nof know a word, he is directed *to touch the word and the entire sentence
in vhich the word appears is read to him. Illus%ratiohs are uéed with-the.—
stories as they are needed at certain points to help develop aﬁ understanding
. of the concepts being presented. Thege illustrations Wére_specified by the
suthors and prepared by the Project's art staff.

After the child has completed the story, he is presented with a series o
questiqns to determine his level of cbmpreheﬁsion. The types of questions are
divided into four mein categories: | |

1) questions that deal with the direct recall of Tacts such as the

identification of characters and the-sequencé‘of events,

2) generalizations about main ideas which relate both éharactersland

© events within the story in which these characfers ané/or évents are
not presented in close coﬁfiguity;

3) inferenfial questioné which require the child to relate information

presented in the story to information stored in his memory about
his own experience, _

4)  subjective questions which include personal ratings and opinidns

of the stories.

The kiﬁds of guestions asked about each sfory are_determinedxﬁy'its content, |
‘therefore not all stbries have exactly the saﬁe type of dquestions. ~Question
types are carefulliy sequencedrthroughout the stories to provide egual represeptation
-The nﬁmber of guestions asked about each story varies froﬁ 3 to 6 with generally

4 questions used. Again the questions and the related stories represent an attempt
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- by the Project staff to colléct appropriate information which will help us in
"'formulafiﬂg hypotheses about reading comprehension. Any theoreiical aevelopment
‘ih this area must of necessity relate both the child's immediate information
gathering ability and his abllity to logically rélate this new‘information with

concepts stored in his memory systemf

3. Games and Other Motivaiional Devices

Rhynmes.

Rhymes are sequenced into é lesson as a listening activity to help the chiid
develop competency in the-discrimination of the rhyming and alliterative sounds
of words and to demonstrate to the child the rhythmic use of language. The
selection of rhymes for each lesson is based upon the ‘sound ﬁatterns found in

the matrix section of the lesson.

Games.

Games are seguenCed into each lésson primarily to encourage continued atten-
tion to the lesson materials. The games are similar to those played in the
classroom and utilize the terminology‘common to game-like situations such as
baseball or bingo. In addition, each game haé been structured to reveal any
developing linguistic competeﬁcy on the part of the child. TFor example{ one
game is centered on the child's ability to identify a given string of letters
when presented in a concept-identification paradigm. The gquestion of how children
come to see orthograﬁhic commonalities is relatively unexplored, and the game
is intended to provide us with some basié information with which we can more pre-
'ciseljldirect our thinking. Moreover, the games give the children added practice

on the sequenced vocabulary.
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As indicated earlier, ail of these games are intended to provide the children
' with intrinsic motivation to continue practicing much of the same material fhat
has previously been presented. Ordinarily the words found in the games were
introduced in the preceding lesson. Again it is to be noted tﬁat the responées

in the game sections can be analyzed just as paired-associate itemé or as concept- .

-identification items in more controlled psychological experimentation.

L, Review Lessons

Two types of review are to.be found in the reading lessons. A continucus
review is inherent in the learning mate:ials which sre sequentially introduced
in s given lessonr and subseguently incorpora£ed in the activities of succeeding
lessons, For example, words which are introduced in Iist and matfix exercises
in ILesson N are reviewed-in the sentence initiator and story materials of Tesson
N+l. A more conventional type of review is also furnished by lessons designéted
as revliew lessons. These appear approxiﬁately every seventh lesson. ~Vocabulary
and concepts previously introduced are re-presen“téd but in different. formats.

The nature of the review lessons varies as the vocabulary and skills of the
student progressively develop. In Ievel I the review lessons consisgt primarily
of straightfdrward matrix review; that is, the words which have ﬁeéﬁ introduced
in the preceding five to seven;matrices are'reorderedxand presented in new
matrix formets. The review lesséns of Level fI focus primarily on the recently
‘acguired vocabular& items, prepositions, and the inflectional concepts of the
plural-s, third person singulaf-s and the -ing suffix.

In Levei IIT the range of actiﬁities in the review lessons is considerably

increaéed and basically furnishes the format for review lessons in the succeeding
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" levels. Exerclses on phonetic discrimination, word meaning, form class, English
 word order, rhyming exercises, énalysis and synthesis of words, picture-sentence
compréhénsion, compound and polysyllabic words, and verb forms are included.

~ PRODUCTION

Lesson Writing.

Oversll Design. An overall design (scope and seQuencé) for the decéding
aspect of the curriculum was developed during the first year of the project based
on the psycholinguistic propositiohs stated above. The primary responsibility
for the. overall design was assumed by the principle investigator, the senior
research associate_and the staff linguist. it mﬁst be emphasized, however, that
at every stage in the development of the curriculumrthé intuifions, experience
and expertise of the entire staff have played a msjor role.

A well defined sequence of presentation of linguistic patfernslis-a necéssary
prelimiﬁary to actual lesson writing. T%é‘development of‘subh a éequencé, howevef,'
is a dynamic proecess which inﬁolves_a complex interaction of study, deliberation,
experimentation, and evaluation. The seguence as seen in Table 1 was not completed
. beforé'productibn of lesson materials for the early levels began, nor is it to be
éonsidered complete in its present form. The specificétion of ﬁafté;ns beyond
Leve] VIIT is a continuing aspeét of the cufrent curriculum &evelbpment effort.

Within-level Sequencing. Since the sounding matrix determines the mono-

_syllabic patterns, the vocabulary available for each lesson and the number of
lessons to be contained in each level, the nextléteﬁ in lesson writing, after the
‘dverall-sgquénce has beeh estaﬁlished,,is to generate and sequence the sounding
matrices within a 1evel._ The fesponsibility for this task is usuall& assumed by

a single writer although in the larger lewvels two writers may work as a team.
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| : ' :
£1]1 possible words and nonsense words are genersted for the level by per-

v

T muting fhe consonants and consonant clusters about voﬁels under the cbnstraiht
‘of the patterns and letters assigned to & given level. The resultiﬁg set of
words and nonsense words are then sorted into maérices'by 8 trial‘and error..
‘method. The goal is to produce an op%imal set of matrices ﬁhiéh give adequéte
.practice for all the patterns., FEach matrix must conforﬁ to thé following
specifications: |
1). No matrix may exceed a size of 16 cells.
2} TWo matrix may contain a ratio of'noﬁsense to real words in excess of 40%.
3) Socially unacceptable words must belexcluded.
4} Tonsense words which are misspellings of common monosyllabic words
must be excluded unless they form highly produgtive syllables in |
pblysyllabic Wofds. ‘
5) Non-English nonsense words are excluded.
An exhaﬁstive treatment of the pattefnsrhaé been made in Levéls I‘and.II; In
the later levels,‘however, thé goal hasg been to provide adequate exposure.aﬁd
practiée for esch pattern and to withhold an increasing propdrtion'of the possible

words for a given psttern from direct teaching in order to use them as transfer

items.

After the matrix generatiﬂg‘writer or feam has produced a reﬁsonabie set
of matrices for & level, the result is reviewéd by the entire stéff and sugges-
tions afe made for iﬁproving the seguence. Tﬁe matrix seqﬁencing process may
go through several iteramions‘of trial and review before a consensus is reached

and a set of matrices is approved for a level. ’ - ' : : E?
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Tesson Level. Once the sounding matrices have been generated and sequenced
for a given level the actual lesson writing begins. Fach lesson which will con-
tain a matriz is called a "standard lesson," and has many learning tasks and
problem types. A discussion of the various standard problem blocks will be found
in the section headed "Curriculum Description.” Fach writer is responsible for
the preduction of some set of problem blocks within a level. A balance is sought
between the more mechanical blocks (e.g., matrix construction) and the more
creative blocks {e.g., usage, form class, poems) for each writer's assignment.

Writing a lesson is guite different than writing a portion of an ordinary
text book. It is more akin, perhaps, to writing a movie or TV script. Every-
thing the student is to hear, see, and do must be clearly defined for every minute
he is at the terminal. Tach display on the CRT must be ﬁnambigouSly specified
and desired éhanges in the display must be cued brecisely with-fhe audic messages.
Displays on the projector must be sketched in sufficient detall for communication
with the artists. The timing of projeétor displays must also be clearly specified.

Although the branching logle, test criteria, optimization routines and within-
lesson task seguence have been determined in genefal by staff consensus, the lesson
writer must communicate all such information clearly to the curriculum programmers
for each problem in every lesson. Lesson producﬁion forms have been developed
for all the standard problem types to minimize the amount of repetitive detail that
is reguired of the writers and to insure uniform presentation of-man& of the learn-
ing tasks for experimental purposes.

Non-standard lessons are those which present non-recurring or very infrequent
learning tasks. The lesson which covers the comparative morpheries -er and -est

is an example of a non-standard lesson. In all such material, whether it is an
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- entire lesson or a sectlon of an otherwise standard lesson, the writer has to
' explicﬁte all of the information for each problem without the benefit of fofms -
a tedious and time consuming task. | |

The writing staff is composed mainly of experienced primery teachers and
gradugte students in education, It is gifficult, however, to aefine clearly
-what is weant by the term "writing staft" since most of the writers have other
responsibilities within the.project and nearly all members of the project staff,
with the exception of the programmers and artists, have made major contributions
to the writing effort at one time br another. It is even more difficult to
méke a regsonable estimete of the man-hours required to write a lesson. The
production raté for lesson material, including editing but excluding audio re-
'cﬁrding, art producticn and programming is on the ordér of 100 lessons a year
which represents something in excess of 90 man-hours per~1eséoﬁ.

Editing. Editing the lesson materials is a vitai and seﬂsitive process in
the production of the Stanford CAIL ReadinglCurriculum. Vbcabulary‘coﬁstraints
imposed by the céreful sequencing of patterns must not be viclated and the |
branching logic of each problem block'must be checked for consistency. The
‘lésson editor is also responsible for the overall quality of thg_légson material
in the sense of the interest and appropriatgness of the sentences, poemé and
stories. - |

Several methods of Qrgaﬁizing the editing‘process were tried”auring the
‘early phases of the project, such as section sub-editing, and round-robin mﬁltiple
editing, It was largely through these efforts to control and make manageablé
-£he eitremely complex editorial requirements that the éfandardized formats were
develoﬁed. The proﬁlem of vocabulary control became toofdifficult in the later

levelsto be met by the normal editorial procedures. A dictionary or word list




49,

was compiled which could be stored in a computef and continuously updated. A
dictionary look~up program was wriitten which maitches the displayed text of each
lesson against the stored dictionary and prints out the words usedlin the lesson
not found in the dictionary up to that point. Tﬁe resﬁlting pfint-out is ex;
amined by the lesson editor to identify those words which are allowable transfer

. items. Correctlons are then made in the lesson text which eliminate the remaining
words detected by the computer program (i.e., those words not in the dictionary

at that point in the pattern sequence and not usable under the rules for transfer
items). The above procedure assures a high degree of consistency and accuracy

in vocabulary control.

Audio Production.

Message Numbering. The first step in producing audic tapes 1s the numbering

of the individual audio messages. The coders number each message in the lesson
books after the lessons have received théir final editing. The numbering of
gudio messages is necessary for two reasons. First, the coders refer to the
.ﬁeSsages only by number when coding the lessons; Secondly, the messages do not
coincide éompletely with the response requests. As an example of the latter,
the wrong answer message, as it appears in a lesson conslsts of two parts: the
word "no" and a correction message. In the" lesson codiﬂg this is broken into
two messages. The second message is played after an overtime response since it
is not appropriate to say'"no” to a student’who has done nothing. Both messages
-are played after a response which was in error.

As the messages are numbered, an indicator.[X]-is placed at each point in
the méssége where a display change on the projector or CRTlmﬁst te made in

synchronization with the audic. These display changes most commoﬁly involve the
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-addition or-deletion of an arrow or.an underline to an existing displaj, hence
'the_X's are referred to as emphasis indicators.

The messages are numberéd in blocks of fifty to facilitate future editing
or revisions. The message code number consists of an aiphabetic character -
followed by two aigits. The nmumbering scheme can unigquely identify71300-mes-
sages for each lesson. 1In practice, the average lesson contains approximately -

400 messages.

Script Ereparation. After the messages have been numbered by the coders,
an audio script for each lesson is produced by the typists.from the lesson books.
The audio script is neceséary for speed and accuracy in recofding. A1l irrele-
vant material in the lesson book, such as response identifieré and branching
instructions, is ignored in the production of the audlo seript. The messages
are typed in sequential order. The only material included in the‘audio scripf;
“besides the actual messages, are the message numbers and the emphaéis iﬁdicafdrs;
The ‘scripte are carefully proofread for accuracy, Minor typographical
errors such as substituting man for fan and misplaced emphésis lndicators are
difficult to detect except by team-proofing against the original lesson meterial.
Such érrors,.if missed in the proofreading, are increaéipglyrmore,difficult to
cbrrect at each succeeding step in the audio production‘proceésés. ; |
Recording. The master narration tape is recorded on én Ampex PR-10 two-
track tape recorder. The messages are recorded on tﬁe "A" channel using an
LTV 1800 cardioid microphéne. 4 constant hbo cyele toﬁe_is recorded on the "B"
channéi in conjunction with each message frbm a Hewiett—Péckard 200 AB oscillator
'controlled by & tone key. | | |
| The‘requirements of the systeﬁ, which will be discussed in detail in the

section "Audio Compiler," specify that the LOO cycle tone must bergenerated by
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depressing the key at least 0.25 seconds hefore the message is started and con-

 tinued until at least 0.25 seconds after the message is Tinished. Further, the
inté;ﬁessage.gap must be at least 3 seconds and less than 10 seconds in duration
and the emphasis indicator must be signaled by a cessatipn of the tone of at
least 0.5 seconds and no more than lué seconds.,

Practiéal considerations of apdio consumpfion at the student ferminalis re-
quire that the aboﬁg minimim specifications be adhered to as nearly as pﬁssible.
The recording narrators musf rot only exhibit pleasant volce guality, clear
enunclation and good intonation patteras but also develop considerable skill in
fhe use of_the ﬁpne key. |
o .The méster narration tapes are produced in & sound-proof recording studio
at Ven£ufé Hall on the Stanford campus.by two female ﬂarrators, each recording
fof;four.hours at a session. Experience has shown that a narratér cannot
maintain accuracy and efficiency aver 1oqger-periods.

- Eéch leéson is concluded with a story-which is read to the.spudeﬁt while
thé orthogréphy is displayed én the CRT. This_section of the lesson, known as
the ”listening stories” ig.reqorded by a group of professional actors from the
Stanford Repertory Theafer._ Professiconal actors are utilized for the recording
of fhis material to insure an interestiﬁg, dramatic, andﬂappropriate_presentation
of the stories. It is assumed that such a presentation will maximize the motiva-
tionai aspects of this section of the lesson material and at the éame time provide
an effeétive introduetion to literature, |

| Since the orthography:is displayea sentence by sentence, each sentencg is
considered aslé separate message and no emphasis indicators are necessary to

synchronlize the CRT display-and the audio. The actors thern are only reguired
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- to meke the appropriate tone .key manipulations between sentences, a taehnique'
' which'is quickly 1earn'ed', and can therefore concentra.te the:l.r_ attent:l;on on |
pmduci'ﬁg an artidgtic reading. | o |
| The master narration tepe for each lesson is edited and c;:rréctad by th;s '
nerrator lmmediately after recording, The tepes srve then traded and glven a
- final edit with each of the two narrators editing her céllgag.;e's tape, The .
mejor aspects of the nmatidn tape which are. caref’uliy attended ﬁo in the
editing process are: correctness of the messages,. '_clariﬁy of enunciation, proper
tone signel overlap, and accuracy ot the Empﬁasis ‘indicators, E['he rather elaho-
ré.'be and painstaking editorial procedure ':Le a vital part o;t‘ audio prodﬁct:l.on
_ since coi'rectiﬁn of tapes 1s very difficult once they have undergone _the aundio

agsembly process.

7 Audid Assembly. After & master nari'aiiion tape has receivéd tfze f;l.nﬁl.é.dit-_
ing by the narrators it is sent to the Bg'entv‘rood 1aboi'é.tory'fér t}ne generation
of & master mechine tape. A mackiine nester is & four-;track.tape. The 'ﬁrst
two tracks cbn'bain the audio ﬁessages taken fro!ﬁ the mé.star narration tape. - The
‘third :ltrack is "rese‘rved for on~line student recording end th.e‘ -f'ourt.h- irack cone-
"baina‘ the tape segment eddresses. ' | . '
A machine master is produced by a compp.ter pmgram"whieh reads the tone
“signals on the n;é.sfer, narratioﬁ tape, evaluates the length of a éet of éuch -
gignals and records their associated verbal méssages on the nechine master using -
“an optiinal packing strategy. Flgure 1l is a .g:"gphig exsmﬁle' of what is meant
by "optimal packing." | | '

Insert Flgure 1l about hers
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Verbal messages of\varying length are recorded on the two message tracks
in a manner which meximizes the number of messages per unit length of tape and
minimizes the distance between any two messages. The latter condinidn'also
minimizes the search time reguired for positioning any message;

The result of the optimal packing strategy is a non—séquential ordering of
.messages on ‘the machine master. .To control an otherwisé chaotic condition, &
table 1s generated concurrently with the recording.of the messages which spenifies
the location on the machine master (by track and segment number).of the beginning
of each megsage, its sequential number on the master narration tape and its

length. This table, called the Audio Symbol Table, is stofed on the symbol table

disk for each lesson. A printed audio symbol table is also produced for use by
the programers in the debugging process.
The complete process of producing a master machine tape and the associated

tables is known as audio assembly and is carried out during production hours

by a single computer operator, typically between midnight and 8 A.M.

Tape Duplication. The terminal tapes are produced from the master machine

+tape on g Viking 235 Duplicator. Three duplicates can be nade simultaneously
on the Viking at 7 1/2 inches per second. Tape duplication is unde{ the nontrol
of a single technician and the_duplicamion time follows an intermittent demand
schedule since the process is independent of the 1500. system.

The terminal tape requirements for each day are determined by'the distribu-
tion of students over the lesson material. After all students have completeﬁ a
given lesson,rall but three terminal fapes for that lesson are degaussed. The
ﬁhree'remaining duplicates and the machine master are placed in.storage. Three
duplicates have been found to be sufficient to act as a Buffef to absorb new

students and for demonstration purposes.
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Art Production. Production of the art work for thé.reading curriculun

' begins_ﬁifh the lesson writers who, in the course of writing the legsons, speclfy
the necéésary illustrations. The art specifications are made on the "prbjector"
séction of the visual pages of the lesson by means of iough sketches and descrip-'
tive nofes. Tllustrations are requir;ad for the word 1list sections , some sentence

Lanalysis sections, and all of the listening and reading stories and poems.

The amount of detail in the specificatioﬁs necessar& for communication between
writef and artist varys widely fpr the different sections. For example, in the
word-list section each illustration is well defined by the individual words and
their sentence context. A minimum of specification is thefefbre reguired in
the word-1ist section. On the other hand, the salient points of the story section
which the author wishes to emphasize in each illustration must be clearly defined
for the arfists. | | |

&g in all phases of lesson production, the commuﬁication Ehannels between
the two groups, writers and artists;.are opén for a coﬁtinuous two Waj Tlow of
information., The-illustratioﬁ requests of the writers must occasionally be
adjusted in terms of the artist's ability to visually convey abstract terms and
the practical limitatiors of time and production Tacilities. Su@hrcpmpromises
often require rewriting of individual frames. The early stages of art pfepéra-
fion for a block of lessons is fherefore'characterized by an open dialogue
between the.writers and the artists. |

-Art-production fequirements are currently bging_met by an art editor, one
hali-time and three full-time artists.. The size of the art staff is determined

by a cbmpromise between long range requirements for illustrations and'the space
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avalilable to house the artists. 1In order to meet our total art commitments
the present staff is fequired to produce an average of twenty plates a week per
artist. | |

Techniques and media ére dictated by the demands of high prodﬁction ang
high quality. Most of.the plates are dore with felit tip markér on two-ply
- bristol board, with occasional use of colored ink, chalk, paste-up and teméera.
.An additional factor in the choice of media and palette is the compiex set of
requirements of color photo-reproduction. |

A serious attempt has been méde to include in the pictorial illustrations
& balanced distribution of recisl and ethnic figures as a-reflection Qf ‘the
‘mixture of those elements in Americsan society. .The éoalrhas_been to featuré
ail racial snd ethnic types as central figures engagea in intereéting activities,

by means of artistically and socially honest and appropriate drawing.

Photo Reproduction.

The illustratioﬁs are photographed in blocks of lessons which afé defined
by the level structure of the overéll gsequence. The shboting is done at the
Hbspitél Laboratory of the Stanford FPhoto Service with.a 16 mn movie camera and

'single frame exposure. | |

Correct sequence of illustrations is Vita1; therefore thé ert editor, who
ofiginally assembled the plates, is preseant to assisf fhe bhbtograﬁher afnévery
shooting éession. " The plétes are shot in biocks of lessgns with 9 blank frames

‘1eft between blocks to minimize the difficulty of splicing if later corrections
or additions-are nécessary. | o

A wérk print is produced by the prdcessing laboratory wﬁich is'eiamined by

the art editor. The work print is stepped through an THM 1512 prbjector at the

Brentwood Laboratory and is checked for proper sequence and écceptable,color;
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- When a work print has feceived the final approval of the art editor it
isrretﬁrned to the processing laboratory and a release print is made. The
release print, which contains pictures but no identification code, is combined,
through a process known as A-B printing, with a code master té produce a mastér
film; The master £ilm is then used to produce the six terminél prints for de-
bugging on the 1500 system.

The six terminal pfints are mounted on self—thréading, dust proof cartridges
and are used, along with the agdio tapes, in debugging coded lessons. When the
debugging process is completed, a quantity of terminal prints are produced and
mounted which will assure sufficient films and reserves td accommodate the

maximum number of students anticipated to be working in a level at any given time.

Coding.
Before the lessons can be used in the CAT syétem tﬁey musf be translated
._into é language which is understood by the computer.- The first step in this
process is accomplished by the lesson programmers by coding the lessons in |
Coursewriter IT -- a CAI source laﬁguage developed by IBM. A coded lesson is
actuaily a series of Coursewriter II commands which cause the computer to display
" and manipulate text and graphics on the CRT, position and dis@lay film in the
projector, position and play audio meésages, accept and evaluate'keyboard and
light pen responses, update the performance record of each student and implement
the bfanching logic:of thé lesson flow by ﬁeans of manipulating and referencing
.a_set of switches and counters. A typical lesson will reéuiré 9,000 Coursewriter
IT coﬁmands-fof its execution.
| Table 3 shows the audic messages and film images requiréd for two sample

problems ‘along with possible addresses on the audioc tape and filﬁ strip. What




Table 3.

Audio Script and Film Tmages with Hypothetical Addresses

Audio information

Address : Message

AOT: Touch and say the word that goes with the picture.
AC2:  (Qood. Bag. Do the next omne.

- AQ3: Ho.

AQL: The word thatrgoes with the picture is bag. Touch and
say bag.

AQS. Good. Card. Do the next one.

A06:  No.

ADT: The word that goes with the_picture is card. Touch and

say card.

Film strip

Address Picture

FOl: Picture of a bag.

FO2: Picture of a card.
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follows are the cdmputer comﬁands required to present two problems described
in Table 3, analyze the students' responses, and record them on the data record.
The left column lists actual commands to the computer éontrolling the instruction.
_(Labels L1, L2, ete. in the‘colﬁmn on the far left indicate polnts which can be
branched to.) On the right is an exﬁlanation of the results ﬁf the execution of

< these commands The first problem is explained command by command; the second

problem is explained only in outline.

-t o e A T

Commands - Explanation

Pr Problem: Prepares machine for beginning of new problem.
LD 0/81 Load: Loads O into the error switch (S1). The role of

switches and counters will be explained later.
FP FOL Film Position: Displaye frame FO1 (picture of a bag).
DI 5,18/bat/ Display Text: Displays "bat" on line 5 starting in

column 18 on the CRT.

DT 7,18/ vag/ Displays "bag" on line 7 starting in eolumn 18 on the CRT.
T 9,18/rat/ Displays "rat" on line 9 starting in column 18 on the CRT.
AUP AOL Audio Play: Plays audio message #A0L. "Touch and say

the word that goes with the picture.”

11 EP 20/ARCDL . Entér and Process: Activates the light pen; specifies
the time limit (30 seconds) and tﬁe problem identifier
{ABDC1) that will be piaced in the data record along

with all responses to this problem. If a fesponse is



Commands

AD.1/Ch
LD 1/81
AUP AOk

DT 7,16/-~/

ER T1

cA1,7,3,18/C1
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Explanation
made within the time 1imit the computer skips from
this command down to the CA (correct answer comparison)
commend. If no response is made within the time 1iﬁit,
the commands immediately following the EP commend sare
executed. |

Add: Adds 1 to the overtime c&unter (cl)y.

Loed: Ioads 1 into the error switch {s1).

Audio Play: Plays message #A04. "The word that goes
with the plcture is bag. Touch ahd say bag."

Digplay Text: Displaye "—" on line 7, column i6 (arrow

- pointing at "bag").

Branch: BPBranches to command labeled Li. The computer
will now do that command (EP) and cbnéinue from that
point.

Correcf Answer: Compares student's response with the
area 1 line high starting on iine 7, 3 columns wide
starting in column 18 on the CRT. If his response
falls within this ares, it will be recorded in the data

" 'with the answer identifier Cl. When a correct énswer
has been made, the -commands from hers down to WA
(wrong answer comparison) are executed. Then the
machine jumps.ahead to.the next PR. If the response
does not fall in the corregt arsea, the machine skips

from this command down to the WA'commandt
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Command ' Explanation
BR iE/Sl/l Branch: Branches to commarnd labeled L2 if the error |
switeh (S1) is egual to 1.
AD 1/C1 | A Add: Adds 1 to the initial correct snswer counter (C;).
12 AUP Aoz . Audio Play: Piays audio message #802. "Good. Bag.
Do the next one."
WA 1,5,3,18/w1 Wrong Answer: These two commands compare the student
WA 1,9,3,18/w2 response with the areas of the two wrong answers, that
is, the area 1 line high starting on line 5, 3 colums
wide starting in column 18, and thé area 1 line high
starting on line 9, 3 columns wide starting in column
18. If the response falls wifhin one of these tﬁo
areas, it will be recorded with the appropriate identifier’
(Wl or W2). When a defined wrong ans%er has been made,
the commandé from here down to UN (undefined answer) are
executed. Then the computer goes back to the EP for
this problem. If the response does not fall in one of
the defined wrong answer areas, the machineﬁskips from

this command down to the UN command.

AD 1/C2 £3d: Adds 1 to the defined wrong answer counter (C2)}.
I3 LD 3/81 _ TLoad: Icads 1 into the error switeh (S1).
AUP AC3 Audio Play: Plays message #A03. '"Fo."

AUP A0k Audic Play: Plays message #A0k. "The word that goes
. with the picture is 'bag'. Touch and say bag."

T 7, 16/=/ Display Text: Displays "-" on lire 7, columa 16,
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Comménds : . _ Explanation
UN | Undefined Wrong Answer: If machine reaches this point
in the program, the student has made neither a correct
nor a defined wrong answer. | ‘
AD 1/03 Add: Adds 1 to the undefined answer counter (c3).
BR 13 . Branch: Branches to command lébeled L3. (The same
thing should be done for both UN and WA answers. This

branch saves vepeating the commands from L3 down to UN.)

PR Prepares the machine for next (2nd) probdlem.

= :
1D 0/81 These commands prepare the display for the 2nd problem.
FP FO2 Notice the new film position and new words displayed.

DT 5,18/card/ > The student was told to "do the next one" when he

DT T,lS/cart/ finished the last problem so he needs no audic message

DT 9,18/hard/ B to begin this. _ | -

T4 EP 30/ABCD2 Light pen is activated.
AD 1/Ch b These cémmands are done only if no response is made in
LD i/Sl o the time 1limit of 30 seconds. Otherwise the machine
AUP AOT ? skips to the CA command. i
DT 5,16/-/ |
BR Ih4 J

€A 1,5,%,18/C2 Compares response with correct answer area.
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Commands , ' Explanation

BR 15/51/1 1 is added to the initial correct answer couanter unless

AD 1/C1 : the error switch (81) shows that an error Eas been
L5 AUP 205 & - made for this problem. The student is told.he is

correct and goes on to the next pfoblém. The se
commands are executed only if é correct answer has
been made,

WA 1,7;4,18/W3 }. Compare response with defined wrong answer.

WA 1,9,k,18/Wk

AD 1/C2 7 1is added to the defined wrong answer érea and the error
16 LD i/Sl switch (81) is loaded with 1 to show that an error

AUP AOG > . has been made on this probleﬁ._ The student is told he

AUP A7 .is wrong and shown the correct answef and asked to touch

DT 5,16/-/ ) it., These commandsrare executed ohlj if a defined wrong

answer has beeﬁ made.

UN An undéfined response has been made if ihe machine reaches
this command.

AD 1/C3 1 is added to the undefined answer counter and we branch

BR L6 up to give the same audio, etc. as is given for the

defined wrong answer.

Thirty counters that can be used to keep track of a student's performance
are available to the lesson programmer. During the instructional flow the current
‘values of these counters are used to make branching decisions regarding what

stimulus materials are to be presented next. For_éxample, if the correct-answer
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qounter-fdr s particular claés of problems has a high value, the siudent may be
‘ branchéd abead to more difficult topics, whéreas for a low value he may be Branched
| to remedial work. These counbters can contain any number from O to'32,767. They
are normally seit at zerc at the beginning of a C(;)'EJ.I'SE and added %o when desi‘red. -
For example, counter 4 (C4) was used to record overtimes; each time the time
.limit was exceeded one was added to counter & (AD 1/ck). |
There are also 32 switches available to fhe instructor. A switeh is either
in the zero or one positicon., These are used to keep track of previous events.
For example, at the beginning of a problem, zero is loaded into S1 {the "error"
sﬁitch). This indicates that no errbr.has yet béen made oﬁ this problém. if
the student makes an error on the problem,'one is loaded into S1. Then, if a
carrect answer is made on his second try, the command.can be branched around
adding one to the initial correct answer counter because the error switch (81)
is equal to one. |
There are many features of the'CAIAsyétem that are notrdemonstrated by the
‘simplified example presented ﬁere. -The pattern of thé problems may vary widely
from.tﬁis sanmple. At various points in a lesson, criteria may be set which,
Aif no£ met, may ceuse the student to branch to remedial problgmsAof_have the
proctor called. Parts of the CRT display may be underlined or displayed in
synchronization with the audio‘messages.'
While a studept is on the systeﬁ he may éomplete gs many as'5 or 10 problems |
-of the fype shown abﬁve per minute; providing.a significanf amount of coded
lesson material for student use_is a major problem. The typical procedure in

- the réading program is to present material in blocks such that the problems are
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alike in‘format, differing 6nly in certain spécified ways. The two example
probléms differ only in 1) fiim display, 2) words displayed, 3) problem
identifier, L) the three audio numbers, 5) row display of ”—a"'(correct danswer
row), 6) correct answer area, 7) correct answer identifier. Thié string of
code can be defined once, given a two-letter name, and used léter by giving a
one-line macro command; the specifics which vary from ﬁroblem to problem are.
called parameters. | |

| The use of macros cuts down greatly the effortreguired to present many
different but basically similar problems. For example, the two problems which
vere presented comnand by command above would bé presented in macrc format:
Problem 1: CM PW]FOl]bat]bag]rat]AOl]ABCDl]AOH]AOE]AOB]T]1,7,3,18]Clj
?foblem 2 M PW]FOE]card]cart]hard]]ABCDE}AOT]AO5]AO6]5]145,4,18]02}
The command to call a macro is CM and PW is our two-character codé for the mACTo
involving a picture-to-word match. HNotice fhat in problem'2‘theré is nb intro-
‘duetory audio message; the "]]" in&icafes that this pérameter is net to he
filled in. |

The macro capabllity of the source language has two distiﬁct.advantages

over code written command by command. The first is ease and spged_pf coding.
The call of one macro is obviously easier than writing_the éomparable string of
code. The second advantage is increase in accurac&.- Not only ére coding errors
drastically curtailed, but if the original macro is defective or needs to be
: changed, every occufrence of it in the lessoﬁ coding can be corrected by modifying
the original macro; in general, the‘céde can stay as it is. The more standard
-the p'roblemlformat the .more valuable the macro capability. becomeé._ Apart from
a few‘non-standard‘instructional audio messages and display items, approximately
90-95% of all the reading curriculum has been programmed using roughly 110 basic

RmaCros.
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" The final step in_tranélating the lesson material to a form usable in the
computér is the lesson assembly process. A seriés of machine language'programs
read iﬁ the coded lessons, expand the macros, t?anslate the agéio code to'agtual
tape addresses from the audio assembly table and finaily read out the assembléd
ieséog transiated into binary code oﬁtora disk.

The final editing steps are carried out =t the student texrminals 'in a.process
calied'debugging. Each lesson is examined in detail by making all correct and
all incorrect responses. Errors left uncorrected from any stege in the produc-

-tion process are detected as they might be seen.by a student. Corrections‘are
ﬁade and the lesson is gone through again in a similar mannef. This iterstive
debuggihg.process is vital for the assurance that the student will not suffer

from bumen error inherent in the complex process of lesson production.

SOME PRELIMINARY RESULTS

‘Weekly Report.

A report on student progress at a fairly gross level is génerated each week
primafily for the information of the teachers. The report éontains the individual .
Student‘s name, identification of the lesson on which the student is working,
the mumber of proctor calls received for that student-during the-ﬁeek, and a
cumulative weighted index of the student's-performance for each of the six major
.probiem bldcks (i.e., 1etter‘discrimination, ﬁord presentation, matrix construc-
,.tiqn, éomprehension; compound words, polysyliabic Words);j Also included in the.
report are the cumilative number of sessions the student has had on the machine,

‘Ahis number of absences during the week and the total amouﬁt of time off the

system that week. The last three categories are computed from the teaching
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proctor records. The remainder of the report is generated by reading pertinént
items from the student records. The performance index for each student in each
of the six problem blocks is computed in the following manner. A éeries of six
counters are sssigned for the computstion of thé perfbrmaace indéx. As a s{udent
proceeds through a problem block the counter for that block ié indexed to in-
dicate the proportion of initial correct responses nade. When the student has
completed the block the contents of that register aré used 1o updaﬁe the aséociated
performence index in the studegﬁ record. The currenf value for the register is
read out and the new value is addéd. The updating of the register, however, iz
done by using a weighting formula: I = To1 (}ho) + I (.60}. The weighting
procedure is used to reflect more accurately the student's current performance
in relation to his past performance. Computations afe done, however, in the
integer mode which makes the index somewhsat conservative. -

Although the weekly performance reportris preparéd primérily.for the class-
roon teacher and the teaching procfors, it provides sufficient data for examining
geveral rather general questions of overall student performance., The weekly
studeﬁt performance record has been uséd in the +two following analyses.

Spread on Main Line. A central core of probiems within the lesson material

are considered main line problems in the sense that they are problems which
each student must master. A student may be branched arcund blocks of main line
problems by successfully passing certain sereening tests. On the other hand,

a student may be brénched to appropriate remédial materiai if he has difficulty
with these centrél problems; but in évery case he is returned to that set of

main line problems for which remedial material was introduced.
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Each lesson contains an‘average of 125 main line problems. Therefore, the
number of lessons completed by a student may be used as an index of the number
of main line problems successfully completed. Figure 12 shows the number of
main line problemé completed each week by the faétest, slowest.and median stﬁdent}
Figure 12 was. derived by identifying'the student who had cbmpléted the most:

. lessons on the final student progress reﬁort for the weék of June lhth and,

from the same report, identifying the median student énd the slowest student;
considering oniy those students who had begun the program on the 15th of Nove
eﬁber,.l966. New students who had moved into the school end the remedial second-
grade students are not considered in the derivation of Figﬁre 2 -- or.in any

of the data reported in this paper.

The year ended with a difference between the fastest and slowest student
of 4,125 problems conipleted. The iﬁter-quartile range was 1,375 problems and
the median student completed 2,625 main line problems. There was, however, a
rather wide variation in the amcunt of time spent on the system by the students.
In order to take this variation into account a rate of progress score was conl-
puted by dividing the number df probliems completed at the end of the vear by
the number of sessicns that the student had cn the system. The cumulative rate
of progress for the highest, lowest, and median student is shown in Figure 13,
expressed in terms of number of main line problems complétéd per hour of instrue-
tion. 'The range in rate of progress was between 35 problems per hour for the_
sloweét student to ;70 main line probléms per hour for the fastest student. The

inter-quartile range is 45 to 110 with the median at 75 prdblems'per houxr.
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'Ffom the stahdpoint of both the total number of main line problems bomplefed
during the yeér and the ramé of progress, it is clear that.thg'CAI'readingléur— |
riculum is accounting for individual differences on at least one dimension (i.é.,

" the movement of the individual student through the lesson material). The
differences noted in Figures 12 and 13 must not be confused with a variation in
rate of résponse. The &ifferences ;n the réte of.response‘between students was
very small; the average rabe was approximately four respopsés per minute. The
differénces in the total‘number of main line problems completed and in the rate

of progress can be accounted for by the amount of remedial material, the optimiza-
tion routines, the number of correétions, and the number of accelerations Tor

- the gifferent students.

Sex Differences. It has been a common finding in reading studies that girls
generally SUrpass boys in the acqui;ition of reading skills and iﬁ reading per-
formance, particularly in the primary grades (Gates, 1961; Wyatt, 1966). The
suggestion has been made many times fhat these differences might be attributed,
at least in part, to the éocial organization of the classroom and to the value
and reward structures of the éredominantlyAfemale primafy-grade teachers. It
has also been argued that because of differences in developmentélrrates first-
grade girls are more facile in visual memorization than boys of the same age --
a facitity which would favor the girls in thg essentia11y7sight-word method of
vocabulary acquisition commonly used in the current basal reading series. If
thesé_twb arguments are viable; then one would expect that piacing students in

an asocial enviromment such as & CAT tutorial system and presenting a linguistically
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oriented curriculum which emphasizes analytic skills, as opposed fo rote memori-
zatlon of words, would minimize the sex difference in reading performance. In

- order to test this notion, the rate-of-progress scores taken from the final
teachers! report-were rank ordered and tested fér gignificant sex effects uéing

a Mann-Wiithey U-Test. The rull hypothesis in this snd iﬁ the following tests

is thét the scores for the boys and the scores for the girls have the same
distribution. The test of sex effects yielded z of .05. .Under the null hyjothesis
the probabllity of z being greater than or equal to 0.35 is 0.36. 8ex difference
then ig not an infiuential variable in the rate of progress in the Stanford CAIL
‘reading curriculum,

Sex differences still might be an influential factor in accuracy'of per-
?ormanée. To test this notion the final performanée‘index scores for each of
the foﬂr'standard-problém blocks reported on the weekly teachers' report were

"~ rank ordered and examined under the Mann—Whitney U-Test. ;Théuresults were és
-follows: |
letter identification; Pr(z = 0.33) =.0.37.

Word list; Pr(z > 1.83) = 0.03.

i

Sounding matrix; Pr(z > 1.41) = 0,08.

Sentence comprehension; Pr{z > 1.37) = 0.09.

'The.only significant difference, at the‘0.05_level, was - found in the word list
sboreé. However, the scores in the matrix-énd comprehension sections were in
the exﬁected direction (i.e., girls excelling boys). These results, while

;by no means‘definitive, do lend support to the notion that when students are

removed from the normsl classroom social milieu and placed in the asocial
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enviromment of a CAT tutorial system, boys perform as well &g giris in overall
rate of progress through a reading curriculum, The results alsc ténd ‘o support
the igea that.in'a CAT environment the sex difference is minimizedlin direct
proportion to_thé emphasis on analysis versus r&te memorization in the learﬁing '
task., The one problem section where the girls achieved significanily highér
scores than the boys was the word list éection Which_ié a paired-associate 1ist

learning task.

Analysis of the Response Data. -

| Each student response is first stored in an area of core memory called 2
response buffer. When the limif of the storage éapacity of the response buffer
is reached, the contents of the buffer are read ocut on a response tape. The
steps in the preparation of the reéponse'taﬁe for storage and:fdf serious analysis
of the student's responéé dats is illustrated in Figure.lh. .A.compreSSed responsé
~ tape is generated from the data respdnse tapes hy méans of a compressor routine.
which removes the inter-record gaps on the daily response tape. It also may be
used to compress two or more previbusly compreésed resﬁonse tapes. It is the |

compfessed response tape which is held in permanent storage.

There are items in the student response record which are of less than im-
mediéte interest‘insofar.as data analysis is concerned. Therefore, the compressed
respoﬁse tape is subjected to a strip routine which strips out tﬁoée items which
" will be ﬁséd in immediate analysis to form a éubsét response tape. In the case

of the reading program the items stripped out are the student numbér, course
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naﬁe, response identifiér, the match identifier, and the latency record. The
strip routine number 1 may also be used to select certain reéords of interest
"~ from the compressed response tape.

A generalized sort/merge prbgram is applied to the subset responsé tape
which will héndle up to ten key words in any order within a record and which
preserves chronologiéal order in cases where two or more entries are the samep
By means of the generalized sort/merge routiné a sorted suéset tape'is generated
where the records are recordedlfirst according to student number and second
_according to problem numbér { rezponse identifier). A tape—tb—printer routiﬁe
. is associated with ¢ach tape, from the dailly response tapes to the.sorted gub-
set tape. This routine allows for iisting of the particular tape which then
may be examined for completeness and accuracy. It is the sorted subset tapes
which are used as input for data analysis programs. ,Thé first data analysis
_ progrém which will be discussed here is in reality a data déscription program
at the level of the problem type.

Due to the complexity of the branching routines within a problem type and
the variation of fhe branching logic between problem types, it is possible to
have an indeterminate numﬁer qf responses to a given problem by & given student.
These fesponses then must be categoriéed. A reasonable.method of categorizing

such responses 1s illustrated in Figure 15.
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The initial response tola problem wilil fall into cell 1. TIf the responsé
is Incorrect, the student will be reguired to respond again to the éame problem.
Subsequent responses, until a correct response is ﬁade, will then fall into
cell 2. If the problem type uses an optimization routine, then the list of
problgms will be gone through again,'deleting those probleﬁs which received an
- initial correct fesponse. On each optimization run there will be a first time
for a student to respond to.each problem. Thoge first responses will fall.in
cell 3. However, as in cell 1, that first response may be in error, in which
case subsedquent responses.will he called for on that problem. which wiil then
fail in cell L, There.are many cases in the curriculum whére a student will be
branched out of a problem type into some apprbpriate remedial material and fhen
be réturned to the origipal problem type. The initiai response to a problem‘in
a subsequent entry to a problem type will fall in cell 5 and.corrections in_“
cell 6. The initial responses of optimizatién runs oh subseqﬁenf.entries will
féll in cell_? and subsegquent correétion résponses will.fali in éell 8...

.. This method‘of classificétion of resﬁonses uniquely defines each respoﬁse
by celi number. Given a sorted subset tape, as specifled above, a general: 
aigorithm was developed to assign a cell mumber to each response. The general
algorithm is as follows: TFor a given student and a given problem number the
first response encountered is assigned to CEli 1. The second to nth responsés
are assigned to cell 2 where n equals the first CA match identifier. The n+l
responsé is then assigned to cell 3. The following respdnses.ﬁith WA match
identifiers, if any, and the next CA ﬁatéh identifier are assigneﬁ to ecell h;

-fhe next response is then assigned to cell 5. The remaining'inétructions are

essentially a repetition of the first portion of the algorithm. It must be
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emphasized, however, that this is a general algorithm to which several variatiéns
‘must be ﬁdded to account for the unigue branching loglc of many of the prpbleﬁ
types.

In =ddition t; the above‘described cell identification each résponse is also
tagged with a restart run number. This restart identificatibn is required since '
a student who iz signed off for any reason (e.g., end of the period, machine
failure) while he is at some point within a problem block can only start again
at the previous restart point. This situstion implies that the probabiiity is
high that at the beginning of a day a student will be repeating some indeterminate
number of problems from the day before. Those responses which.result from re-
peated exposure to problems because of restart runs, must be treated in data
analy51s in a dlfferent manner than those responses Whlch were given to the orlglnal
exposures to the problems. The association of problems to restart runs‘is doqe
during the sort routine between the subsetrreéponse taﬁe and thé softed subset
tépe. | | |

With each stuﬁent responsé tagged with a cell number and a restart number,
the proéess of compiling a series of summary reports was begun. Several levels
of summary reports can be generated. -Reports can be generated whiph_gescribe
the performance of the total c¢lass of students at the level of the problem block,
the ﬁroblem type, and the individual problem. OCther reports can be generated
Whicﬁ will Sﬁmmarizg performance of individual students at the three levele:
block, tjpe, or problém. The first series of feports which-are in the process
of generation at the time of this writiﬁg, describe the performance of the total
séudent'group‘at the lewvel of the problem type. A separate report is produced |

for each probiem type within.each lesson. The report describes the mean, standard
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- deviation, and range of the distribution ﬁithin each of the eight éeRIS'for: the
nmumber of problems, number of responses, thg proportibn of responseé which were
ineorrect, the proportion of problems With at least one error, the correct answer
latencies, the-wrdng answer latencies, the oyerail latencies aﬁd the.CA,_WA,.

and cverall speed scores.

.Achievement Tests.

Even though this first year's operation of the system-has been viewed as
esgentislly an extended debuggihg praocess, if was felt that a comprehensive
end-bf-the—year testing program might yieid some ihteresting insights to the
potential impact of the program on overall reading achievement. Accordingly,

a battery of tests was assembled which would measure achlevement in each of the
major areas of reading behaviors taught at the first-grade lewvel. The behaviors
identified and included in the testing program were:

1; Tdentification of letter and letter-strings.

2. Acquisition of aﬁ initial.sight vocabulary.

3. Acquisition of word decoding skills:

é. initial consonants
b. initial consonant élusters ' T
¢, medial short vowels
d. final consonants
h', Acquisition of reading comprehensibn.skills:
a. wofd meaning
b. syntax-or form class for senténce'comprehension
C. paragfaph comprehension:
1. ‘main idea

2. recall of facts
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Wherever possible we chose sfandardized tests of the reading behavior to be
'.evaluafed._ In several cases, the tests only approxiﬁated what we ﬁere tryihg
to measure or were not pure tests of a single reading behavior. As far és we
could determine, ﬁone of the available test batteries.included tests of all.the
reading behaviors listed above. It was particulariy diffiéult to find group
- administered tests measuring a child's ability to decode Wordé and the child's
knowledge of syntsx or form class behaviors, fherefofe Ruth Hﬁrtley of the
project staff devised tests of these behaviors.

V-The tests which were chosen fof this test battery were dérived from the
_following sourcesf

lf Gates-MacGinitie Reading Test, Primary A, Form l,_1965 edition,

2. California Reading Test, Lower Primary, Form.W, 1957 edition with
1963 norms. : '

3. Stanford Achievement Test, Réading Sections, Primary 1 Battery,
© 3964 edition. ‘ B

4. Project developed tests.

The studenté in the CAI‘mathematics program profided an ideal control group.
Analysis of the individually administered Stanford Binet I.Q. tests at the be-
_ginning of the school year indicated that the students in the readipg programn
and the students in the mathematics program may be considered as two samples
from the same population. The.mean I.Q. for the reading group was 92.5 (standard
deviation 15.6), and the mean I.Q. for the mathematics group was 91.8 (standard
- deviation 1h.6). Aﬁy "Hawthorne effect” whiéh might be induced by the CAT
experience is controlled sinee the mathematics. students had an equal amount of
--time on the‘sysfem but for a different subject matier. The mathematics students
receiﬁed a program of reading instruction which might be termed traditional,

relying primarily upon the Ginn and the Aiyne and Bacorn first-grade readers.
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All tests, with the exceﬁtion of the Stanford Achievement Test, were admin-
._istered.by members of the project staff, assisted by graduate studepts from the
School of Education at Stanford University. Each testing team, consisting of
a project staff member and a graduate student, administered a given test fo: all
§f the students in order to elimimate‘teéter effects. The Staﬁford Achievement
Test was administered by the individual classroom teachers as part of the testing
program of the State of California. All tests were conducted within the normal
classfoom setting. The tesiing program was carried out during the month of
May, i967 .

| The content and characteristics of the thiree standardized tests 1In the
battery are well-known and need not be reiterated here, however, z brief descrip-
tién of the project developed tests might he helpful iﬁ the interpretation of
.the resuits. o

Vocabulary Test. This test consisted of words and patterns that were

presented in the CAT program. Some of the words and all of the woxd patterns
included in this test also appear in the Ginn and Alyne and Bacon first-grade
basic readers. The test consisted of 20 sets of three words each. The student

was directed to circle the word pronounced by the examiner.

Phonetic Discrimination. This test was designed to check the child's ability
to distinguish between minimal contrasts'of moposyllabic words and to connect the
auditory sound of g phoneme with its grapheme. The test contained:tWD sections:

1} the sfudent was required to identify in a set of three words the word pronounced
by the test administrator (e.g., bat, fat, sat) -and 2) the student was required to

Till in the missing letter or letters in a word pronounced by the administrator.
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In both cases the test dealt with initial consonants, initial conscnant clusters,
medial short vowels and final consonants.

Reading Comprehension: Understanding of Syntex or Form Class Behaviors. The

twenty items of fhis test consisted of a.series-of sentences in which one Wérd
was omitted. The subject was reguired to choose, from a set of four words; the
- word which would complete the sentence. The distractors in the multiple-choice
set consisted of one word which was the correct form.class but was semaniically
irrelevant and words from two incorrect form classes., The vocabulary used in
this test was derived from the first forty iessons of the CAT program and the
Ginn and Alyne and Bacon first-grade readerg.

Promuncistion. The preomunciation test was composed of forty items, 20 of

ﬁhich were real monosyllabic words ‘and 20 items were‘pronounceable nonsense
monosyllabic units. Each nonsense item was composed és.a mihimal contrast to a
resl word item, (e.g., man,Tam). TFive pairé were cohstructed for each‘of four
categofies of minimal contrast: iﬁitiél éonsohant, medial vowel, final.consonaﬁt
and initial consonant blend.' Fach item was typed in.lower case primary type onh

a 3 x 5 card and presented to the subjects cne at a time. The subjects were

~ required to attempt a pronunciation of each item.

Student responses were recorded on magnetic tape for future more detailed
analysis. The results reported in this paper are those of the all-or-none
scoring procedure (i.e.,‘an item was scored as correct only if all phonemes of

- the itém were correctly pronounced and in proper séquence).

Overall Results. The resulis of each of the above tests and their major
subsections were examined in a series of three-way analyses of variance (treatment,
high/low I.Q., sex). No significant interactions were found in any of the anaiyses.

The expected significant differences on the I.Q. and sex variables were found




e

throughout the tests and are of litile interest here. The means and sfandard.
deviations for each tesf for the experimental and control groups are shown in
Table k., It is interesting to note that with the exception of twoe cases
(Stanford Achievement Test, paragraph reeding end totai score) the diredfion

of differences between the means is in favor of the experimental group.

The test battery may be divided into twc major categories: 1) tesfs designed
to evaluate the goals and lingﬁistic orientation of the CAL program, and 2) tests
designed to evaluate the_butcomes of a quite different approéch to initial.geadihg
(i.e., the traditional basal reading sefies'éppfoach). Differences between the
neans of each of the project develcped tests were statistically significant and
in one case, the pronunciaticn test, the differencés were fairly dramatic. Sta-
tistical significance was also dchiieved in three of thereight-sub—scales of the
standardized tests. Two of those sub-scales, howevef, the vocabulary section
of the California Achievement Test and the word-study skills section of the
Stanford Achievement Test, were comﬁosed of a series of tests of sub-skills. It
was nebessary, therefore, to investigate the possibility that large differences
on one or two of the sub-skills might be exerting an influence powerful enbugh
to produce significance in the.sub-scaie as a whole. Accordingly, the scores
on each test of sub-skills were examined in the same three-way analysis of
variance as described aboﬁe. The results méy be seen in_Table 5, The signifiQ

Vcance levels held in all four of the sub-skills for the word-gstudy section of
the Sténford Achievement Test and in three of the five tests of sub-skills in

the vocabulary section of the California Achievement Test.
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The impact of fhis-yearfs CAT instruction on reading performance may be more
readily visualized when the results are tabulated by reading behaviors whicﬁ
were measured in the evaluation program as in Table 6. - Elght of the niné tests
of decoding skillé resulted in differences in favor of the CAT group;which Were
éignificant at the ,05 level and in sﬁx.of those eight tests the sigrificance
.was at:the .01 level or beyond. Three of the tests of éomprehension gt less than
fhe paragraph level resulted in differences in favor 6f the CAI group which were
significant at the .05 level. No significant differences were found in the
tests of comprehension at the paragraph level.

The above results are most encoﬁraging for the potential impact of CAL on
initial reéding in light of the fact that e§en the fastest student in this year's
program progressed only a small fraction of the way through the first.yeér's
curriculum (Figure 16). The qurricuium was degigned with the expectation that
the able student would be able to complete approximately 180 lessons in the
firstryear. As mayrbe seen in Figure 16, the top student in this year's program
completed only approximately'QE percent of the expected. total nuﬁber-of lessons.
The average student in this yeér's group completed only il'percent of the total
Tirst year's program. |

Insert Figure 16 about here

A-cqmparison of Table 1 and Figure 16 will verify that no student in this

year's ruﬁ had been exposed on the CAT system to more than five basic patterns:




Table k.

MEANS AND STANDARD DEVIATIONS: MATOR TEST SECTIONS

Control

Experiment Significance Levei
Mean S.D. Mean S.D. '
Gates*l
Vocabulary hi.1 9.26 39.3 9,01 | N.S.
Comprehension 39.5 8.93 38.8 9.12 N.s.
Total 38.5 9,07 37.14 9.02 W.S.
C AT, %
Vocabulary 45.9 .76 1 381 | 2.02 p < 0.01
Comprehension 414 2,51 . k0.6 2.16 N.S.
Total 45.6 | 0.58 . 39.6 1.01 p < 0.01
! 5 ' \
S, AT % ; 1
Word Reading 40.3 { L, 84 Lho.0o 2.4h % N.S.
Para. Reading 36.0 . 9.73 | 38.5 L. 07 (.S
Vocabulary 51,7 % 3.89 | ho.7 2,05 | p<0.0L
Word Study 45,9 1 3.72 Lh.g 2.50 ? p < 0.01
Total Lk 5.89 4.6 3.76 .~ N.s.
Project*¥* )
Form Class 8.6 5.23 6.4 %.95 0.01 < p < 0.05
Vocabulary 1707 ka6 L 1507 h.o7 p < 0.01
Prommnciation | 11.28 | 10.21 |  h.94 | 7.66 p < 0.01
Phonetic Discrim.| 14.06 | 20.07 10.63 |15.32 p < 0.01
i i .

“*Standard Scores: M = 50, 5.D.

*¥Raw Scores

= 10







Table 5.

MEANS AND STANDARD DEVIATIONS: SUB-SCALES

‘Experiment Control Significance‘Level
Mean S.D. Mean { S.D.
' CLALT.
Vocabulary:
Word Form 18.3 | 5.13 15.0 | 5.30 p < 0.01
Word Recognition 13.4 k.87 11.7 4.50 0.0l < p < 0.05
Opposites | 6.2 é.96 5.7 1 2.70 N.S.
Picture Association 8.2 2.92 . 6.8 2.26 - p<0.01
Letter Recognition el.2 | 5.17 | 20.6 6.20 | N.S.
S. AT,
Word Study:
Audid Perception
Beginning Sounds 9.87 | 2.71 8.00| 2.70  p<o.01
Ending Sounds 8.89 2.77 o 6.78f 3.13 p < 0.01
Phonics 10.20 | 2.5k 8.89! 2.70 p < 0.01
Phonograms o 7.280 2.88 6.33] 2.18 , 0.01 < p < 0.05







Table 6.

SIGNIFICANCE ISVELS OF TESTS OF READING EEHAVIORS

. Significance Level
Reading Behaviors Measured Test*
: .01 .05 N.8.
A. Decoding
1, Letter and letter String Identification i 1 ‘ ] be
e .
2. Initial Sight Vocabulary 3 - X
LP by
3. Word Decoding Skills -5
6
T X
8 x
gF x
10F x
B. Comprelhension
1. Word Meaning from Picture Cues ‘ 11 *
12 7 X
13 X
2. Word Meaning - Vocabulary . b x
15 ' X
3. Understanding of Syntex and Form Class 168 x
4. Sentence, Paragraph and Story Comprehension | 17 - x
18 x
19 X
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11.
12,

13.

14,

15.

16.

17.

18.
19.

Table 6 {cont'd)

*Test
C.A.T., Tetlter Recognition Test

C.A.T., Reading Vocabulary-Word Form
Test I, Section A

C.A.T., Reading Vocabulary-Word Recognition,
Test I, Section B

Hartley Vocabulary Test

S.AT., Word Study Skills
Audltory Perceptlon of Beglnnlng Sounds

S.A.T,, Word Study Skills
Auditory Perception of Ending Sounds

S.A.7., Word Study Skills

Phonies - Recognition of Word from Spoken Cues

5.A.T., Word Study Skills
Phonograms - BRhyming Words

Hartley, Phonetic Discrimination

Hartley, Pronunciation Test

Gates, Vocabulary Test - Pictu?e Associatién
S;A.T., Word Reading - Picture Assoclation

C.A.T., Vocebulary - Picture Assoclation
Test I, Section D

5.A.7., Vocabulary

C.A.T., Vocabulary - Meaning of Op9051tes
.Test I, Section C

Hartley: Form Class
Gates, Comprehension Test
C.A.T., Comprehension - Test 2

5.A.T., Paragraph Meaning

Humber of

Ttems

=
]

20

20
“1h

14
b

1k
%0
20
48
35

15

39

15
20
34
15

38
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ac, cac, ccac, ic, and cic (where "¢" stands for any consonant and each vowel

is Speéified). This minimeal exposure was sufficient to produce a significant
increage in performance in nine out of the ten tesis of decoding skilis. Some
transfer of 1earﬁing is evidenced by the fact tﬁat six of those nine tests ﬁere
commercial standardized tests whose vocabulary and word patterns were not baced
- on the Stanford CAL program. Transfer of training'is also born out by the
observation of the classroom teachers involved, particularly the teacher of the
low maturity group who has repo;ted that a noticeable percentage of the low group
of sfudents were discovering word.patterns in their classroom reading instruction
and generalizing those word patterns in the attack of new Vwords. |

Tbe most consistent results were found in the area of decoding skills which
is exactly the area of initial reading which is handled in greatest detail in
the Stanford CAT program. On the other hahd, results in the comprehension tests
were mixed, with no significant differences being foﬁnd in teéts of paragraph
comprehension. It must be noted that éven the fastest student in this yearfs
program nhad not feached the ievel in the lesson materials where exercises on
the comprehension of connected discourse is introduced. It is also true, as
stated earlier in this paper, that the comprehension exercises in ?he Stanford
CAL curriculum are more of the nature of data gathering devices than they are

a well defined and complex teaching effort.

FINAL REMARKS

It has been our goal in this paper to describe the Stanford Reading Prcject
in terms of the CAI system, ite operation, its function in the elementary school

setting, the rationale and major components of the curriculum, and to give some
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feeling for the processes involved in thé production of such & cufriculum. We
have also discussed some results from the first year operation of the program.
It cannot be emphasized too strongly, however, that the data and the counclusions
drawn from them afe at best tentative; they are Eased on the first twenty-sii
weeks of operation which must be viewed essentially as an extended debugging

. period for both the system and the learning materials. The progress of the
students was limited by known problems which are in the process of being remedied
for the next year's operation. Revisions for next year involve modification of:
the branching structure, the display formats, and the audio search procedures.
The projected distribution of students at the end of the school year 1967—68,
‘shown in Figure 16, is based upon an experiment run during the last week of

the 1966-67 operation in which all of the students were placed in selected
lessons of advanced material where the known problems had been corrected. The
projection is based not on a pious hope but on some gquantity of empirical daia.
The results of this first year's evaluation, while tentative, do suggest that
such a program undertaken at the end of the 1967-68 school year may demonstrate
an impact of & CAI program on the acquisition of initial reading skills which
1s not only statistically significant but practically significant as well.

As the curriculum becomes refined and the system achieves a hiéh degree of.
stability and reliability, the Stanford-Bréntwood CAT laboratory will be made
.avallable as a laboratory for educational reséarch in the classical sense, It
S will be relatively éimple, for example, to désign and impliement alternative

'teaching.strategies which may be evaluated in a highly controlled enviromment.
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The problems of optimal'teacﬁing strategies may be investigated in a rigorous
manner, It is hoped that basic educational research, which may be éarried 6ut
in such a facility, wiil prove relevant not only to computer-assisted instruc-
tion but will be éeneralizable alsc to the important problems ‘of tegchi-.ng an.d

Iearning throughout our educational éystem.
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