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I. Introduction

In June 1970 the Institute for Mathematical Studies in the Social
Sciences (IMSSS) at Stanford University received a grant from the Bureau
of Education for the Handicapped of the United States Office of Education
to design, implement and administer computer-assisted instruction (CAL)
for deaf students. Up to this time, all previous CAI programs at IMSSS
had been written for normai—héafiﬁg children and adults. In 1968, how-
ever, it was suggested that the IMSSS CAI course in elementary mathematics
might be appropriate for use by deaf students, and during the 1968-69
school year, the first deaf students at Kendall School used the mathe-
matics course. In 1569, in association with the Kendall School and the
nearby Model Secondary School for the Deaf (MSSD), the Institute initiated
a pilot study on the use of CAI as a vehicle to teach language arts to

deaf students.

The present project is based on that pilot study and on the exper-
ience gained from the mathematics project at the Kendall School in 1968.
This project is primarily concerned with mod ying the mathematics program
to make it more appropriate for deaf students and with developing a new
language arts program for deaf students at the junlor high school level,
Related research is also being done in the fields of learning theory and
psycholinguisties. ‘

1. A Brief Hlntory of CAI at Stanford

Under the direc tan of Patr;ck Supges and Rlchard Aiklnson both
members of the Stanford faculty, IMSSS, in January 1963, began a program
of research and development in CATI. Var;aus research projects have been
supported by the Carnegie Corporation of New York, the United States
Office of Educatlon, the National Science Foundatlon ‘the National Aero-
nautics and Space Admlﬂlstratlon, and the Offlce of Naval Researchn

The first operational instructlonal prsgram avallable in any form
at all was a program in. ‘elementary mathematical logic. . This program was
first demamstrated on December 12, 1963, and two lessons consisting of
23 problems were run with four. 51xth-grade students on December 20, 1953

‘Some 20 lessons glVlng a fairly detailed 1ntr@ductlan to sentent;al loglc

 were written and pr@grammed during ‘the ‘spring. -In the summer of 19645

1these 1esscgs, whlch were presented Dﬁ the scapes, Were run Wlth tvo ;:5
iflfthagrade b@ys. ' Al B , PR E R .

VSPrlng Df 1954 prellm;nary eypérimeﬁts u51ng'f1rst grade"€ ””’

gthe lnstltute w1th 29 klnders




i'tln elementary SChD@lb An Kentuckyy in whlch 28

first-grade children used & preliminary versicn of the mathematics pro-
gram throughout the 1964-65 school year. During the spring of 1965, 41
fourth-grade children were given daily arithmetic drill-and-practice
lessons by remote control on a teletype machine in thelr classroom at
Grart School in the Cupertino Union School Distriet., This installation
constituted an important first step in moving terminals from the Stanford
campus to elementary schools, with direct connection from the computer
to the terminals by telephone lines. During the summer of 1965, 26
capable second-grade children worked through a revision of the logic
course. The major revision in the course was designed to determine
whether the use of English sentences or abbreviated logical symbolism
was easier for the students.

During the 1965-66 school year, drill-and-practice teletype programs
were conducted in three schools. Two teletypes at Grant School and one
at Sequoia Union High School were used for arithmetic drill-and-practice
programs. During the spring of 1965, four teletypes were used for drill-
and-practice work in spelling at Costano School in Ravenswood City School
District. Audio was provided from the Institute's central camputer
facilities by a second telephone line and earphones.

In the summer of 1964, IMSSS was granted a contract by the United
States Office of Education to investigate the feasibility of teaching .
mathematics and reading as an integral part of an elementary-school
program by using individualized, tutorial CAI over an-extended period.

The site chosen was the Bmentwaad Elementary School (Ravenswood City
School Distriet) in East Palo Alto, California. The Brentwood Laboratory
was used to teach mathematics and Ieadlng to. elementary—achool children
and to collect data on their learning ‘behavior. - The first students were
run on the system at Brentwood on October 27, 1966, and by the end of
the 1966-67- school year, over 100 chlldfen had partlclpatea in.the project.
This number-included all the flrstsgrade scudents at Brentwood. - Half the
students had dally CAT in mathematlcs, the other halfs 1n Ieadlng.

~ In addntlcn, the- drlllsandapractice program was expanded durlng the
1966-67 school year.  Several more.schools near Stanford installed tele-
types. . In March l967, two téletypes were made operational at the .

- Morehead ‘State University Laboratory. Sch@cl in Moréhead Kentuckyj more
than:2,000 miles from Stanford.  Then, on: June]15§ a_summer SEbSanrbEgan

ngthe pr@gram, and teletypes Ware als
; ' (The term als 1n Kentucky were ccnmectéd byv



Fifteen students in Grades 2 through 6 participated in the dial-a-
drill program. Students in their homes were given oral exercises 1in
elementary mathematics by means of computer-generated speech and responded
by using a touch-tone dialing pad, which is now standard equipment on
telephones in many parts of the United States. This was the Institute's
first operational experience of bringing computer-based curriculum into
the homes of students rather than into the schools.

In September l9673 30 students at Stanford University enrolled in a
course of computer-based elementary Russian for credit. The control
class received regular classroom instruction, attended the language lab-
oratory, and submitted written homework assignments. 1In the computer-
pased instruction class, regular classroom instruction was eliminated
and work at Model-35 teletypes with Cyrillic keyboard and sudiotapes with
earphones was substituted. At the end of the first year, the computer-
besed students performed at a statistically significantly higher level.
Perhaps equally important as the superior performance was a much smaller
dropout rate for the computer-based section than for the regularly taught
sections of the course. - ,

The drill-and-practice mathematics program expanded again during
1967-68. From the end of January 1968, to the end of May 1968, the
enrollment jumped from 2,387 to 3,823 for schools in California, Iowa,
Kentucky, and Mississippi. The Iowa students were high-~school age girls
and older who worked on the drill-and-practice mathematics program in
the Job Corps Tenter in Clinton, Iowa. In Mississippi, elementary-
school students used both the mathematies drill-and-practice program
‘and the logic and algebra programs. o S S

In the fall of 1968, major emphasis shifted from tutorial programs
to drill-and-practice programs in elementary mathematics and reading.
The total number of students enrolled in the drill-and-practice program

in elementary mathematics grew to over 6,000 during the 1968-69 school
vear. A remedial mathematics caurSe,erf;cllégeﬂstqaegts was. prepared -
and run with students at Tennessee State University. During the 1968-69
school year, the system was expanded to-include students in the Special
‘Baueation Unit of the University of Washington:in Seattle and students
in the Kendall School for the Deaf in Washington,-D.C... . sy e

" In the 1969-70 school year,there vere fewer teminals running in

“the Stanferd'CA;,systém,;b@thjbecause,twagafjthg_maja;gcgnters*xgentuckyﬁW: B

and Missiesippi) continved with systems of their own and becauge there
was?ajdéc?egse,in}Fé@eral“"ugpcrtqtajéthérhschcals;guDuringfthgfstmgr’f

- ‘of 1968,.a major revision began of the drill-and-practice:program.in

tmgmét

~“mathematics.- The revised: en:attention was:diverted:. ..
| ram ‘that could: e
“for a'glven grade to
drill for.a given: indi
~ of Grade 6. 5 4
a reorganiz n of the driil-and-practice material-in-
, thematics into. ungraded strands,  This program 1s-described
" in Sectiom IIT, 7 - : o B G

¢classroom: procedures -




On Monday, May 18 and Friday, May 22, 1970 the Institute made what
is perhaps the first use of a communication satellite to distribute CAI.
The demonstration was important because it proved that satellite distri-
bution of CAT through low-cost satellite ground stations had the potential
for making CAI as accessible to isolated rural areas as to large cities.

2. The Stanford CAT System

The central processing unit for the Stanford CAL system is a Digital
Equipment Corporation PDP-10 computer. The PDP-10 currently has a memory
capacity of 196,608 (192k) 36-bit words and a memory cycle of 1.0 micro-
second; thus, the contents of any of the 196,608 locations can be re-
trieved in one one-millionth of a second. Inf@zmatlon sent to user
terminals is processed by the PDP-10 processor and is placed into core
memory buffers. From core these data are handled by the High-Speed Line
Multiplexer, a special purpose computer serving as the interface between
the central processor and the data transmission lines to terminal user
sites. This Multiplexer performs all the tasks necessary to monitor the
data received at and sent from the central Stanford system: formatting,
timing, directing, and transmitting the data. The transmission of data
can be accomp” ished via one of several user connections to the Multiplexer:
direct, on-campus lines; dial-up data sets; or modem and phone lines.

At the terminal locations, the data sent from Stanford are handled
by another small computer, the Micro 800, with multiplexing functions
analogous to those of the- High-Speed Line Multiplexer. At the Texas
School for the Deaf, for example, the incoming data, demodulated by the
data modém§ are presented in a binary serial-bit stream, at- 4800 bits
per second, to the Micro 800. The Micro 800, sharing the same room with
the 15 teletype terminals, has channels wired to each of these teletypes.
The received data stream contains addressing information followed by a
teletype character for a given teletype (as indicated in the address).

For example, suppose.the data coming from.Stanford at a _given moment ,
indicate the:letter "A" following the address Jjust received.for teletype
#1. The Micro 800 "switches" the data coming in from Stanford buffer #l.
. The- letter,"A" is: de9051ted in this buffer and the Micro 800:goes about
reading subsequent.addresses and- ‘filling. the appropriate buffers. Mean-
while .buffer #1 empties 1its contents at-a much slower-rate onto teletyge
channel The result is that teletype #1 PTlﬂtS the letter "A o

;ﬂe Student and the System




assisting and supervising the students, and hardling minor technical
problems with the teletypes. As the students usually arrive at the ter-
minal room with their teacher, and other members of their class, they
ait down at free terminals and begin their lessons for the day. The
terminals are standard Model-33 teletypes and are essentially simple
electric typewriters with the ability to send and recelve code over
telephone lines.

To begin a lesson, the student pushes a "start" key to let the
computer know someone.is there and ready for attention. The computer
responds by typing

HI
PLEASE TYPE YOUR NUMEER AND NAME. -

after which the student types his student number and his first name.

Each student is given a unique student number when he is initially reg-
istered for CAI, so the request for the first name is merely an additional
safeguard to ensure that the computer can correctly identify the individ-
ual student. '

A student may be enrolled in several different CAT courses, perhaps

. for mathematies and language arts, but he does not need & different student
number for each course. He keeps the same number for all courses and

uses a one-letter course identifier to let the computer know which course
he wants. Here the student is using the letter G, the identifier for one
. of ‘the language arts programs: ' : '

HT _
PLEASE TYPE YOUR NUMEER AND NAME.
G3456 MARY :

‘Within a fraction of a second the computer searches the~student',
file, locates and prints the last name of that particular student. 1In
that same period of time the computer finds out exactly what work the
student has done previously in the course and determines where he should .
start that day's lesson. = C o ; S

 PLEASE TYPE YOUR NUMBER AND NAME, =~
 G3456 MARY SMITH . - .

I LIKE THAT GIRL. - -
I LIKE (SHE, HER).
" After the computer types an exercise, it waits for the student to. - i .
yespond. TIf the student response is correct, the computer reci_uizes: . <.
' =tthcDrreetvanswef}immédiételygéﬁdfgives4thé,studeﬂt;a7ﬁeﬁfexerciéé;'"n;fj_aVﬂ.r
ds incorrectly, he is. told immediately that he is - . '

“asksd to try again, and sometimes he is given a -




special message based on his incorrect response. After a certain number
of attempts (the number varies from program to program) the computer types
the correct answer for the student.

While cne student is interacting with the computer in the manner
described above, hundreds of other students across the United States are
also seated at teletypes executing different lessons. Fach is in direct,
individualized communication with the same central processor at Stanford
University. The computer can spend a fraction of a second with one stu-
dent, switch immediately to the next student anil continue down the line
until it is back in communication with the first student again, having
stored a complete record of its exchange with every student. This circuit
is made so quickly that each student has the impression he is receiving
the full, undivided attention of the computer.

4. Stanford CAI Curriculum

No two CAI courses have identical structures. Some are written as
a sequence of separate lessons; cthers generate a unigue set of problems
for each student daily. Some have a complex branching matrix; cothers
are predominantly linear. Some include many specific wrong-answer mes-
sages, others, none. Some provide tutorial instruction; others, drill
and practice. However, a feature common to all Stanford CAT courses 1is
individually tailored instruction.. The student works at his own speed,
receives immediate reinforcement or correction of his responses and en-
counters material consonant with his learning requirements.

frequent performance checks internally executed by the program, each
unit of instruction or drill functions as a test determining the relec-
tion of each successive unit within that conceptual area; thus the
material presented to an. individual student is based upon his own pers

. formance. Even in those few essentially linear courses where all lessons
are presented sequentially, the student is branched around the bulk of
the problems within a given lesson if his performance on-the.initial’.
problems warrants it. Not- only are the specific-exercises a student
encounters individually determined, but within a single prbblem the - -

. student may receive a range of possitle instructions and messages in
accordance with his respomseg, . . o D i

Fach student's route through a curriculum is unique. By virtue of

years span the following diverse. fields R

‘The CAL curriculums aé%elgpé@;ét;ﬁheiiﬁé%;tg;é!Q




Curriculums

Initial Reading (Strands)
Arithmetic Problem Solving

Mathematies Drill-and-Practice
(Strands)

Logic and Algebra

Computer Programming
(BASIC)

Russian

Computer Programming
(AID)

Basic English

Logic and Algebra

In addition, the following are among those.

development:

Curriculums under development
Algebra
Language Arts for the Deaf

Transformational Grammar for -
the Deaf

Conversations for the Deaf
JElementary Statlst;cs_,
Elementary French

VIIQ Part1c1pat1ng SchcolsJ 1976 7l

The schaals and.gchacl dlstrlcts that ha

 ~:7PrDJect frcm June lQTG are

Length of course

3 years
3 years

7 years

2 years

1l semester

2 years

1l semester

1l semester

1l semester

Length

-1 year

2 years -

1 semester

 lyear.

. 1lyear

VE5part1clpated 1n thlS

Grade level

K-3
4-6
1-7

7-9 ,
High School

College
College
College
College

currently under

Grade level

, ngh School ” v
R 9 Lo
‘High scn@gl',”'

~1=12

gollegs
‘College 7




7 The California School for the Deaf and the Texas School for the Deaf
are both State residential schools. (The California School for the Deaf
also has a campus in Riverside, California.) Kendall School is a day
school. MSSD has primarily day students, but it will eventually become
a residential school. Both Kendall and MSSD are located on the- campus
of Gallaudet College, and some Gallaudet prep students have also used
the CAI programs. Both Palo Alto Unified School District and San Jose
Unified School District have day classes for deaf students in several
' gchools.. In Palo Alto 8 day classes in three different schools par- °
ticipated in the project and in San Jose 11 day classes in four scheols

part1c1pated;l - : - :

: A
At the beglnnlng of September 1970, Kenaail School started operation
with four teletypes, and by the end of Septembe 100 Kendall students
were registered. At the beginning of November, Elght additional tele-
types were installed at Kendall. Eight telet pjes were 1nsta11ed at MSSD,
and 78 students were reglsteredg

Early in November an IMSSS staff memberj Max Jermanﬁ a speclallst
in mathematics educatlcn and CAI, went to Kendall and MSSD to conduct
teacher—tralnlng workshops for the mathematics strands. PTOgramg, Durlﬁg
the first week of February, Jamesine Friend visited Kendall and MSSD
to: Drlent the teachers-and proctors on the lan guage arts programa‘ 7
Kendall had a full-time practor who was also-in. chargé of other Pro= .-
-grammed instruction used at the school. ~She was assisted ‘by. two half-
time practérs and by several of the Kendall teachers. There were no

- .proctors-at MSSD during most of the: year since the proctcr duties. were '

"fGallaudet Ccllege students to work as parf tlme proctDrs,

' ”jshared by several teachersg, In March oweverQ MSSD did. hlre four

. Early in December, the pchth and one mathematlcs teacher frcm the ,
',Callfornla -School- for the ‘Deaf at Berkéley. cane “to. Stanford for thrEe L

. days! tralnlng, and - durlng Christmas vacation, “IMSSS staff installed: ten

f ?ffte1etypes at Berkeley.  During the first week of January:
";tralnlnggwarksho! for the mathematlcs strandsrpr@gram was_conducted at

teachers,u‘:'




" most of them will resume. op

At the end of January, deaf students at three public schools in
Palo Alto joined the Stanford CAI system. Nine students at Cubberley
High School, 26 students at Greendell Elementary School, and 16 students
at Ray Lyman Wilbur Junior High School were registered. Both the Cub-
berley and Greendell students used three teletypes located in a trailer
at Greendell School. There was one teletype at Wilbur Junior High. Two
TMSSS staff members held a workshop on the mathematics strands program
for the Palo Alto teachers at the end of January. Ten days later, another.
workshop was. held to answer questions and to intpoduce the language arts
‘program. There have been two follow-up workshops since then., All train-
ing for the Palo Alto teachers has taken place ' in joint meetings at
Greendell School. o o

In February, tour public schools in San.Jose joined. the project.
Nine students at Bachrodt Elementary School, 12 students at Hester
Elementary School, 8§ students at Hoover Junior High School, and 9 students
at San Jose High School were registered. Bachrodt School and Hester '
School each had two teletypes; Sean Jose High School and' Hoover Junior
High School each had one. At the beginning of February, an IMSSS staff
member visited the four San-Jase'sen@ols,tq-explaiﬂ}tc'the“téachersfthe,'/
operation of both the mathematics strands progrem and the language arts
‘program. The teletypes were located in the classrooms, and since. there
were no proctors at any of the schools in San Jose, the teachers handled
the scheduling. . - ' - ' P L

In March, 128 prep students at Gallaudet College registered for CAL
courses. As mentioned earlier, they used the teletypes already on the
campus for Kendall and MSSD students; they used the teletypes only during
the late -afterncons and in evenings. No special teacher training was . .
given at Gallaudet. SRR TR SR o

 After the initial registration, a few additional students were . =
registéred;at'each}school;Abringing”the‘tétal;numbérﬂaf,deaf students ..
who have used the programs this year to over 1,000. Table 1.shows the
number Qf;studenﬁsfregistéféi}fér'fheistanfbfd;CAirSyStémVEy{month;énd¢;:"

by sehoul; totals. are shown for-each month. As of June 1, 1971 there .

: wére'SQ»t21etyPés{iﬁfé§ératithinllé“diffsreﬁtésghébls;as[éhéﬁh;inf]7ff L

© Table 2. Many of these will no - duy

t be in operation during the summer, but




DARLE 1

Number of Deaf Students Reglatered for CAT
by Month and by School, 1970-TL .

(Llsted by Mcnth in Which Th@y Jalned System)

Qét;_rﬁévg"ﬂecg 'Jan‘ Feb. rMaf;7rApr,f e
Kendall School for 100 100 100 100 108 108 110 110 - 110

the Deaf

Model Secandary Schoal N

for the Deaf

Califarnia School for

thefneaf'at”zérk21ey; 1

Texas Schgal for the ’
Deaf ,

uPalciAltc Unified
School Distriet

Greendell Elementany ;

Scha@l

Cubberley’ngh
School

Ray Lyman Wilbur

Junler High Schgal N BT

337

._?39

26

‘_San Jose Unlfled_SchDalii9i”“> i

‘ A:ﬁDlStrlCt o

339

“7“ 8o’f

342

,"253 :'gué‘

28

26

80
3_332

C3

26

3h2

333

”‘;55

340

333
29

"léfv'




TABLE 2

Number éfrTélefypéS per School

Number of teletypes

California School f@f therpeaf at Bsrkeléy | : 15
Gallaudet College**

'Kendall School for the Deaf { 12
M@del Secondary Schcol f@r the Deaf ’ '  '» 7 77> '  8
Pa;o Alto Unified SQn@cl-DiStriét‘ | |

Cubberley ngh Schocl*
Gréendell Elementary Sehoal B I f’ -3 .;
, :”Ray Lyman Wllbur Junlér H;gh Schoolg R &

":'San Jose Unlfled Sch@@l Dlstrlct

".;Bachraat Elementary School | L |
Hester: Elémentary Scha@l "f ;.:};_3j A;;&ga5;f13>2;1,;;;{i?:33>"

’ iHDDVef Junlor ngh Sch@ol ikfff?f"f»f_:,'5fj"“fffjf,l;¥fff“ﬁTf'z
“'}fsan JQEE ngh Schaal S e e g




ITI. CAT Curriculum for Deaf Students

During the 1970-71 school year, deaf students in the 12 partici-
pating schools used nine different CAL courses. Operationally each
course is identified by a one-letter code, which i1s given here for
future reference.

- Mathematies Strands Drill-and-Practice
Mathematics Blocks Drill-and-Practice

- Language Arts for the Deaf (old version)
- Language .Arts for the Deaf (new version)
Logic and Algebra

- Computer Programming: BASIC

-~ Computer Programming: AID

- Basic English '

- Transformatlonal Grammar

S HEHO =E G R0
N

The most frequently used of these courses were the mathematics
drlll and-practice courses (prlmarlgy the newer strands vers;gn) and B
the newer version of the 1anguage arts course. Table 3 shows- the aver—
age number of students run per day cn the mathematics arlllaaﬁdapractlce
courses from October through June for both mathematics. courses; S and |
B, and’ the average number of students run: per day on the 1anguage arts‘"
<:-ours={9 G-;7 for: Febxuary through June,, : ~

‘ On January l? at the schacl's requeat the earller blccks verslon
‘of the mathematics program- was made avallsble t@ students at. Kendallg'
The use of the two mathematics. Qragrams is’ repcrted separatelyin Table By
but they have also been summed'alnce the twa t@gether représent +he tatal  3'
b@tb,matha natics- programs : :

avallable. 7[;

Thé 51x co'




TARLE 3
Number of Students Who Ran on the Mathematics
and Language Arts Courses '

Qetober 1970 Through Jﬁﬁe.lQTl,

H

e

Aversge Number of Students Run Per Day

fonth __ Run days| Strands (5)  Blocks (B) Total Math__Language Arts (G)

October
Navemﬁer
Degémﬁérki‘-’
Januar&7 "
February

aren

19 - k2 - e
AL T3 L W”ﬂ_ ;h73 o




TAELA 4

Number @f Students Bun on CAIL Prcgrams
FebruaryaMay 1971 '

-C@ursés | Feb. o - ,Mér,, ,'Agf;,[  }May. :

| LDglc and Algebra o s e w3101
Computer Pragrammlﬂg BASIG i;\i?“'ff   10 vvglhjf; 1'§17f,-

Camguter Er@grammlng AID 1

: Transfarmatlgnal Grammar

;;Tbﬁalg;_ }1g ':15d 5;’;,1~;' 5




IV. Descriotion of Mathematics Programs

Ihe development of a drill-and- praotlce curriculum in elementary
mathematics has been a major project of IMSSS since 1964. The mathe-
matics curriculum has undergone yearly revision; sometimes both the
strands and blocks drill-and-practice programs have been in use at the
same time. During the 1970-71 school year, the majority of deaf students
used the strands version of the mathematics program, although some deaf
students. used the earller blocks ‘version of the mathematics drill-and-
practice program. Part way througﬂ the year, spec1al options were put
into the strands program to make it more apgroprlate to the needs of
particular groups of deaf stuaents.

1. The Strands Program

During the summer of 1968, a magor rev1s;on of the mathematics
drill-and-practice program was started. The revised program evolved
when attention was diverted from a program. which could dupllcate and
_expedite classroom procedures for a given grade to a. program which could
provide the most efficient drill for a glven individual from the start
of Grade 1 through the end of Grade 7. - The questlons used to determine
the types of problems a child should receive on a drill changed from
"What grade is the child. in?" and "What is ‘usually taught at that grade
‘level?" to'"What concepts - has “this. chlld mastered?"'and "What <ould
“this chlld 1earn next¢" o

- Aitentlon to the chlld rather than “to the: classroom resulted in a-

'1,reofgan12at1on of the drlll—sna—pract;ce materlal 4in elementary-school -
mathematics into ungraded strands. = The. student, worklng on. several

- strands: 51multaneouslv§ ‘begins at-the bottom of a strand and moves up-

: ward on:each ‘strand as a: Function of*- his abllity to-perform correctly

oon. that strand.; Since. movement along a- strand depends on'the studént
,{the level of performaﬂee on one" nd e v cvel. of per®.




The present curriculum structure contains 14 strands. Each strand
includes all problem types.of a given concept (e.g., fractions, equations)
or of a major subtype of a concept (e .g., horizontal addition, vertical
multiplication) presented in Grades 1-7. Table 5 shows the 1k strands
and the portion of the seven-year cufrleuium for which they are appropriate.

Within each strand, problems of a homogeneous type (e.g., all hori-
zontal addition Problems with a sum between zero and five) are grouped
into equivalent classes. - Bach" strand contalns either 5 or 10 classes
per half year with each class labeled in terms of a grade- -placement -
equivalent. A problem count of problem types occurring in three major
elementary-school mathematics texts (Clark, Beatty, Payne, & Spooner,
1966; Eicholz & O'Daffer, 1966; Suppes, 1966) and data collected during
the past three years of the drlll—andapractlce program at Stanford were
used to arrange the equivalence classes in an increasing order of dif-
ficulty and to insure that new skills (e.g., regrouping- in addltlsﬂ)
were introduced at the appraprlate PDlnt in the currlculum

In ada;tlon to the @rderlng @f grablems withln a strand we must
know how much emph351s is needed on each strand at-a given polnt in the
year. Teo determine this, the curriculum was divided into fourteen parts,
each corresponding to half a year. A PrDbabillty distribution function
was. devel@ped for the proportien of problems. on each strand for each half
year. Both the problem,c@unt from the three textbooks and the average
latency . for problem types based on. ‘past data were used to develop the -
curriculum distributien. The final pr@portlon of" prgblems for each half
year for éaeh strand are shown. in Table 6 .

EVEH thcugh_g student is placad below h;s arlthmetic grade level,’ ,
he-is allswe& to advagce ragldly to-a’ hlgh;r level ‘as- soon - as he- showsl--. 
mastery. at the lcwer ‘levels. For, th& first ten sessions’ a student ‘may

move thr@ugh the Etrands as much as half a grade level at a time.’ Allf
data on student progress and change in: grade level ‘are collected’ only
arter ‘the initial ten se551ons,‘ Thls yea the déaf studentszwere placed




TABLE 5

Mathematics Strands
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TARLE 6

Curriculum Distribution. Proportion of Problems X 100
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on the one with the lowest grade placement. The student works only on
this strand for an entire lesson. The computer keeps a record of his
progress, and the level he achieves at the end of the lesson becomes

his grade placement on that strand. For the next lesson, the computer
again selects the lowest strand, which may be the same strand he worked
on during the previous lesson, or a new one.- If the student has the .
same grade placement on two strands, the cémputer makes a random choice. .

The second @ptlgn _called fixed strands, ‘allows the teacher to select
a strand and a grade placement for a student to provide practlce on a ,
specific concept. The teacher may restrict the student's work to a small :
portion of the curriculum (described as a-fixed. level) or allow the stu- -
dent to move fTPely up the strand.  An assignment to the fixed strands
will continue for five consecutive lessons, after which the student
automatically returns to the type of program, regular strands or block—
structure strands,'on which he had prev1cusly ‘been WDrKlngst, ‘

For b@th new- optlons the student Works through the currlculum cne,
problem at a time. If he maekes an error, after completing a pr@blem?;
he repeats the previous problem (which he had done corre;tly) and then’
répeats the problem on wh;ch he erred.'

Instructlons were - sent to all teachers and prcctors in the partlcl-; o
pating schools 1nd1cat1ng how to-sign-a- student onto. one of the eptlanst;°j;:,
In many cases a student. only needed a bit of concentfated work ‘on’ one o
strand before he was-able to cantlnue with the regular ‘strands pragram.'“ T
- The - teachers felt that. addlng these. optlans made the PrOg,am,bénef1c1al LT
‘ t@ a greater number ef students.rfw : . : S

'”;i 3 The Blccks Pregram




k., TData Analy51s

~ The strands prngram includes Subrauflnes for the c@llectlon of de-
tailed data at the same time the student interacts with the program. -
This data base is later used for meny different analyses. of individual
perfarmances The data are also summarized to produce individual and .
. “group Statlstlesg and they also: provide important dnformatien. in the
- development of learning mac‘ielsj such as the automafan madels discussed
~in Section VI. & e S e

Various report programs, which give informatlon both to the teachers
‘at the participating schecls and to the Stanford:research-staff, are:run
at regular intervals (ﬂaily;, b:xweekly_q ‘menthly, . annually). - Analyses of
these" reperts present a precise internal measure of individual progress,

~-as well as valuable' information about the curriculum and:its effects upen
' the students as a group. The daily report program, for example, shows-

7‘ealled ‘the "standardized rate: of change.

the progress. of individual students -in each class, including their cur-
rent grade-placement in each strand, their average grade placement and
the ‘standardized rate Qf change “ A,fyplral dally repovt fcr one class
is ghown in Figure 1. w :

. Flguré 2 sh@WS the number of deaf students in each Gf the strands
-of the mathematlcs program- near the. end . of the . 1970-71 schaal year..
This - 1nfarmatlan was taken from: ih@ blweekly repart Df Jume llgv;;-;r

The rate @f pr@gress of ;n§1v1éual atudents ig measufed by a number

.

: ©The change in grade. placpment
" for-each student after a certain number ‘of. sessions at the terminal is-

- gtandardized to. ‘the. chamge in grade: pLacement he. Wauld have made in 12

.,lifsesslansa, For example, if a student changes: 07 of &
-:sessions, his standardized rate of . -change is
. changed . l4 of: & grade 1%v€1’1n 127 ‘sesslons:

" @lgrade: Jlevel in six

<1 because he would have

?Egpected ‘number: of -sessions
enth af 120 ;= the
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Figure 3 shows the average standardized rate of change for deaf
students from February through May. In February there were 419 deaf
students on the strands course; their average standardized change was
.39. In March there were 487 deaf students on the strands course; their
average standardized - change was .19. In April there were 480 students
and their average change was .13. In May there were 405 students and
their average standardized change was .l12. : Cee

Tt is not surprising that the standardized rate of change should

have decreased from February to June. A majority of the students did
not begin the program until February, and gsince they started far below
their tested grade level in mathematics, they would be expected to move
more rapidly st the beginning of the program and slower as they approached
their sctual level of competence. It is possible that the ‘introduction
of the new blocks and fixed strands options in the mathematics program
reduced the average standardized rate of change since a student who was
put on one of these aglternate formats might not have progressed as
rapidly as he would on the regular strands course. However, even :by
the end of May, the deaf students were still progressing at a rate of
change that would enable them to complete a year's curriculum in.less
than & school year if they worked at. least 120 sesslons during the year, -

In considering the rate of change of deaf students in ‘the mathe-
matics course, it is.important to remémber that the strands'course used:
by the deaf students is the same as that used by about 1,800 hearing
students. The standardized change is computed separately for the deaf
'studénts7aS-aigfbup;'buﬁ.fhﬁ}méthédquéﬁfis#the:samé;j“Théfavéragéff%‘*  o

' absolute grade-level change for deaf students (taking into. consideration . =

- the éxactrhumbérréib@ays*they1wéré‘on;the_csurseg_frcm}thérbégiﬁﬁihgféf'
. February to the end of May) was 1.35. = Tt mh

 Even if we: asstm ‘that the student may not have worked his wey wp
“to hisvéctualxgradévlével‘duriﬂgfthg first ten-days; this -is surprising. -
 PrégréS§;fSiﬁgéfdééffétﬁdéﬁt%}ﬁéﬁéllyfpiégié half-a gra - Y€

In only four months these students advanced more than one grade
 We have not yet been able. to look at any external evaluation of.

rogress;

* hovever, we do plan to meke a comparison of internal and external messures . .

ss on the mathematics course next year

" of progre
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. .way, the conver

Three very different programs in the field of language arts are
being developed simultaneously. Two of these are still in the experi-
mental stage. The first is a communicative device which is essentially
a tool for motivating students in the development of expressive writing =
skills (T progrem); at the same time this program will provide a sub-
stantial data base for basic research in developmental psycholinguisties.

The second is a highly structured, rigerous program. in transformational
grammar (J program). - The-third program, Language Arts for the Deaf (G . -
course) is a drill-and-practice course in English -grammar which. is -already
" being used extensively in ‘the participating schools. - RS N

- 1. The IalgAErggram

The conversation program is still being developed and will be ready
for use in September, 1971. From a student's point of view, the program
will act like a telephone operator; it will ask the student what number
he wants to call and will connect him with any teletype tied into the -
‘Stanford computer system that is not invelved in transmitting a drill -
program. The student is then free to converse about any subject he
chooses. ‘ LT e S e

;',The;stﬁaeptisfname'is'igserted automatically by the pregram once
he has initially identified himself. - The printed conversation.is for-

matted like a script.- | |
- CHRIS: HELLO, ARE YOU FINE TODAY? .
'LARRY: YES, I AM FINE. THANK YOU.

L UHOW I8-YOUR SCHOOLA- - moi
. WHAT VILL YOU DO AT VACATION? . .

. Although the




2. The Transformational Grammar Program

The transformational grammar program is being developed 1n associa-
tion with MSSD; which has previded funding for the salaries of a curriculum
coordinator in Washlngtcﬂ D.C., a curriculum writer and a part- tlme com-
puter gr@g*ammEF at btaniDvG, - :

The tranbfcrmatlonaT grammar pr@gram is. ztlll expa“imental at this.
time; even though- it was used in spring. L971 by a -small number of - students
at Kendall and at MSSD, it will not be ?gady for more- géﬂéral use for
another year, The aim of this program is to provide 1nbtvu¢tlcn in trans-
formational grammax in a rigorous Wayn‘rﬁlat d more to the teaching of
symbolic logic or axiomatic algebra than t@ traditional methods for
teaching grammar. The: ratlanale for this course and a description of the
work. to date will be . farthcomlng as. a tEGbHJGﬁl, part w1th$n the next
few months. : :

: E351ca11y3 the Lamguter 1q pvogrammea t@ producé grammat;calky Cor=
rect English sentences, acting on commands given it by the studeatnf The
student is free to give any rules he wishes, choosing whatever sentence
patterns he 11keg; vhatever kinds of noun phrases and verb phrases he
desires, and whatever transfarmatlona he would like the computer to use.

As-long as- the rules *eguested by the student will. produce, grammatlcally

- acceptable sentences, the computer will accept them and, will act on them
to produce the sentence the student has spscified. HEFE is an %xample»i" ,
- from one of the yearly 1%ssons§ beglnnimg Wlth the§e 1nstructlang to the
. student. : : : > : '

FQMPUTER PEINTE

(l\TP) TiAS ‘L‘ES GOQ;D. :

. (IPY TASTE GOOD.

| f-*’:‘fi(D)gl\T) TASTE G@OEg o
'I‘AS‘I‘E G@OD, Lo

;ThefStudegt?thenje;é:uiggffhé»sﬁégsg¢‘j,v




The exercise starts with a brief review for the student, listing
the rules he must use to transform the incomplete sentence

(NP) TASTES GOOD.
to the complete sentence
 THE LUNCHES TASTE GOOD..

Almost all of the typing, including the various.stages of sentence
construction is done by the computer. - The student is required to type
only the mnemonic-rule names immediately following the word RULE. The
generation of the sentence itself is done by the computer, In this
example, the student started with a plural transformation, using the
rule /PL. Rule /PL calls for a pluralization of the subject of the sen-
tence, so the (NP), i.e., noun phrase, which is the subject, is then
internally tagged as plural. The only visible effect of the /PL rule at -
this first stage is the change of the verb from "tastes" to "taste" for
subject-verb agreement. o e C : . .

Next the student gave the rule /NP3, calling for the. third type of
noun phrase, the determiner-noun type, here symbolized.as (D)(N). The
numbering - of néunaph;ase-types.isgarbitraryi,and!thertudegt,Waéfprgvidéd
with'a~1istfafvrule2‘and“their*meaningsfso?thatthefcculd;réfer,ththe,,.
list 1if he needed to refresh his_memgry;ithe;studentswhéwaverjjﬁi;;'mgst
likely have memorized at least the first three noun-phrase types by this®
point in the curriculum. .- . = e R T A

. The student was now faced with the sentence form

-which,becames"aﬁfinishedrsurfaeeslevelrsentencéQafte:vsubétitafiéﬁ'in1
| hetaal words for the symbols (D) and (N). This substitution may be made
I any oder; in the awove example, the Student vorked from left to right,
substituting First for the determiner and then’for the noun. The student =
- could have substituted any, suitable determiner and noun, and they would
“’hgveﬂbeeg”accegtedswfér'exémpie;fhé“mighf?havéﬂpféaﬁéed? Tt e




substantlal part of the research will eventually lead to the develepment
of a conversational program that will produce meaningful and grammatically
correct English sentences.

3. Language,AItS»f@r‘the Deaf Course

The Language Arts for the Deaf Pr@g?am is a drill and practice pro-
gram including grammar and usage.- This program is the largest and best
developed of the three language programs. . The detailed design and devel-
opment of this course began in July 1970 and students started using the,
course in February 1971.. The course consists of a set of lessons,. each

of which contains between 20 and 30 exer21ses., Each- iessan is precedeé '
by a shert pretest, ‘so that the more gifted or more knawledgéable students
may take anly six or seven EKETGLSES in a lesseon while. students whe need
mere assistance may take up ‘to 30 exercises. Over 100 of these lessons
‘are written and programmed and at least 100 more w1ll be pr@dﬁcea in the
next year, maﬁlng a. tﬁtal of . over 4,000 exercises.. .

. The course is deslgned for deaf students of junier hlgh schoeol age.
Most of the students are between 12 and.1l6 and read at about the 3.0
“reading’ Jevel as measured by standardized tests such as the Stanford -
Achievement Test -or the Metropoelitan Test. - In. order te accemmedate.
children with a:low reading level, .we have carefully contrelled the
vecabulary and sentence gtructure Used in the- 1ﬂstruct1@ns and exercises;
" the reading level is held to abeut the- thlrémgrade, while. the vacabulary .
?ané cemplex;ty of the sentences are- held t@ even l@Wér level;ﬂ - :

A language prggxams d551gned :peolflcally far the deaf s ‘neces--
-sarlly much" different from & 1anguage program. for the hearlnga “Beth
.deaf and hearlng children need’ to learn hew.te read and write; how: to.

fsgell and punctuate ‘correctly, how’ +to use the: dlctlénaryj’h@w to- expréss x
';+hemselve 1fluently -and.’ grammatlcally.u ‘But -ene ba51cg strik ng dlfferencé
between the needs of deaf children and: hearlng ‘ehildren. i 0t P
“children mu=t learn the s;gnificance and btructure of : the _,7liéh.lané'
guage 1tself ‘ o DL R S i S ey o

- Far a hearlng chlld in an Erélnary pub11c schoe,
Vrreadlng pragram alv1des itself inte twe primary: cemgénents

rment ef‘dec@dlng sk ls§ and language,davel@pment, Decoding




the language-deprived hearing child has usually internalized the role of
inflection and syntax before he begins his formal education, and that the
difference between his language and the accepted ldlams may 1nd1cate
nothing more than slight culturaﬁ variations.

The deaf ChlLd on the Dther h“na, partlcularly the prellngually
deaf, has not 1nterﬂallzed the basic structure of English before he
starts school. He does not understand the use of syntax or inflectien,
nor does he have a basic vocabulary. The. child who is born deaf or who
- becomes deaf before he acguires a language, and who is thus deprived of
the normal exposure and feedback that produce ‘language in the hearing
child, may never assimilate the basic principles of language that the
hearlng child acquires at ‘an early age. Because there is little or-.ne
inner language into which to. translate written symbols, the deaf chlld
cannot be taught to read from decadlng skllls alone. : :

These  language deflclencles of the deaf child have been taken into
consideration in. the development of the:Language Arts for the Deaf Course.
The course has been designed to stress the deep structure of the English
grammar, w1th partlcular emgh351s on the r@les af syntax and lnflectlon

The following are a few of the- tDplcs that will be cavered in lessans_
deallng w1th the structure of the 51mﬁle ngun phrase

The 51mple naun phrase

: '»'-'Detem:_gerag@un agreement B s e D 2T e
- . Formation.of plural nauns.’j . ‘ I
- Syntax. @f adjectivé strings L
. Number, ‘case and gender of prsnaunS‘*
'~ 'Double nouns and their: 1nf1ect1@ns
- Distlnctlan between mass and count’ nouns-
" Determiners: usea w1th mass nauns
o) e Partitives
' Verb @hrases w1ll alsa be cgveréd in. c@n51derab1e detail as w1ll :
“the relationships, “both” syntactlcal and. inflectlonal, between néun phrasesg"’
A and verb phrases.; el PR e , :




Modifiers

Classification and position of adverbs L S
Relation between time and tense : ' : :
Syntax of prepositional phrases
© Idiomatic use of pr69951t1@ns
Intensifiers - _ -
Comparative and superlatlve adgectlves -7, R ‘ S
. Sub@r&;nate clauses IR ; . ,

Braader aspects ef the relatlans between cempanent Phrases are cans
sidered. 1n the sentence patterns ané transfarmatlans t@plc§

Sentence Eg;terngignd trangfg;matiaﬂs ]

Direct objects

Indirect objects

~Delble diresct obgects

Negation

Coerdination :

,The passive c@nstructlen .
Question forms and: questian tags
,QuE§tlan respanges

Lessons in the 1anguage arts course are deslgned t@ 5péélflc be- .
havioral objectives related.to. ‘the klnd of topics: 1lsteé ‘above. . The
course will centain several hundred lessons; of these, over 100 lessons - ,
are now ccmpleted (see Appendix p for llSt of completed Jessans) e

The course béglﬂs w1th an. 1ntr@duct@ry 1ess@n and a set af 25 lESEons_,
on the 1anguage ef dlrectléns.;'ju_ , : :

{lNIRQ,,JgIQtrﬁéugt;Qn-fg;ffﬁ;:”_f“; i;“:‘
'ﬁIE 1, , firét, seé@hd§;thirﬂ<ward,-g
DIR2  af e
';'ifBIR 3i i
| '-':':iBIR J+ |




" gtudents. worked through all 25.d

The introductory lesson teaches the student how to respond by typing
his answers, how to indicate that his response is complete, and how to
type special characters, such as a space between two words. ~Some exercises-
emphasize the difference between similar characters, such as the "O" and
the zero, or the letter "I" and the digit "1." The first lesson also
contains exercises introducing special response modes, such a2s numbered
multiple choices, that will be used extensively later in the course.

The 25 lessons on directions are aimed at getting the student to
read and respond to precisely worded directions of the types that he will
encounter in later lessons.  These directions might be something like
 "Which is the first word in this sentence?" or "Type the third word." .. .
The specific vocabulary includes the ordinal adjectives, "first,” "second,"

"third," and "last"; the prepositions "after,” "pefore," "under," "below," T

and "above"; and the sentence connector "and." The syntax of the direc-

tions varies to include both imperatives (Type the number below 5,.) and
'interragafiVESi(Which'ﬂumber,is,bel@w‘S?)af;In the prepositional phrases, -
the object of the preposition may be a direct reference (Type the number. -

under the word "baby!') or it may be an indirect reference (Type the ﬂﬁmber:";~
--under the th;rdﬁwardQ.f o e o e R

Ve have found that these lessons on the language of directions have
been WElIfreCEivéd,bbeoth7t35ghers}andrstuaéntsﬁ_and?prgliminaryfgvi;
aencedindicates,subgtantigl;JEarningﬁ-‘The,differentVémbuntS]Gf time

needed ‘to go through these lessons is @ convineing indication of the - -

amount of individualization of instruction alloved by the course; some - -
irections lessons in two days, while . -

others needed up to. two weeks, SR

' After the directions lessonms, the main body of the course begins
with a set of lessons an:thesstructuré‘éffﬁhé;n@gp;phrasé;lig,‘”f LT




NAC plural nouns introduced

NAD plural nouns (-s)

NAE plural nouns (-s, ~es)

NAF  plural nouns (-ies)

NAG  plural nouns, all types

NAH plural nouns, irrégular

DAD  determiner-noun agreement in number (one, two)

MAE determiner-noun agreemeﬂt (sgmé every; no)

Drills on f@rmlng regular plural nouns are presented, fallewea by
a review of irregular plurals such as "man-men,"” "child- children." The
concept of determiner-noun agreement of number is introduced in lesson
DAD using the cardinals "ene," "twe," "three," etc. In lesson MAE ‘the
concept of agreement of number is extended to include the use of "some"
with plural-count nouns and the use of "every" and "no" with singular
caunt nouns. TR o

The lessons continue in similar steps, gradually bringing in other
concepts such as position of adgectlves within a neun phrase, uge of
other determiners; distinction between mass and count nouns and appro-
‘priate use of determiners; pronouns, and the cerrect’ ‘use of numberj case,
and gender; and work on verbs, aux1llarles, tenses. - C :

Throughout the caur:e the contribution of structure't@ meaning is:
stressed. Exercises are given in the form of complete. sentences,. and

~“the semantic implication of* eaeh grammatica¢ rulg is nade soon. efter the- -

rule is 1ntr@duced,

Sk C@urSé Uaage

_ The Dnly one Df the three language courses that has been used ex-
~tensively this yéaf is the grammar courseijanguage Arts for the Deaf.
Although this course provides the option of using the lessens in any '
. order, mest teachers chose to follow the order glven. in the outline.
f‘ifFlguré 4 shews .the number of students who have done each’ Df the first
" opne hundred Le EDnba‘ See é@péﬁdlx L f@r %he ame af eaLh numbered Les=?
‘jfs@n and a brlef déscrlptian ef the: 1essan,» P S e -

'f;Sa: Eata Analy$1s

he_ languagea arts pr@grams “desc‘mbed in Part A include -
‘ callected data are. b61ng stered f@r later L
§pragvams haveualready been ertten far the N

' Al]_ threé rs:

“an. 1th analySLS
':lse and the number :
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second item analysis program which will provide more specific informatlon
about incorrect responses is now being written.

No analyses of the data collected by either the transformational
gremmar program or the convarsation program have yet been made. However,
a theoretical structure has heen developed for the analysis of the data
obtained by the conversatien program. Since this work will probably be
cne of the most significant pieces of basic research performed in the
course of this pr@gect; a brief discussien of the theory is warranted
herea

~ Basically, the intention 1s to develop a rigorous descrlptlcnj both
grammatic and semantic, of the spontaneous language of the deaf, using
as a corpus the data collected by the conversation program. Although an
adequate grammar does not exist for Engllsh (or any other natural lan-
guage), members of the IMSSS staff have been developing precisely I
formulated models for selected subsets of English. Context-free gener-
ative grammars have been developed for a corpus selected from first-grade
‘readers (Gammon, 1970) and for a corpus of young children's speech
(Suppes, 1970). The grammars that have been written are probabilistic
with parameters for the probability of applleatlan of each generative
rule,» Such a grammar mlghf lock samethlng like this.

Efggucﬁ;gﬂ”BuLe ' Probabllity
SHWP 4T | a,
§ NP +V + NP a, = LA
NP —}Eé‘t + N : : bj e
NPE:»Eet+£\':1J 7+. N Sy = 'Lm(bl 132 3)

In péftiﬁuléf? ane'w§ﬁ¢é express the” pﬁ@babllify of- each grammatical
type: that oceurred in the cerpus. in terms of the above parameters. For
kexampleg ~the type’ Pre + V +:.Det 4+ N would: have a- thearetlcai probability

of - a2b1b3 Uslng “the theareflcal prcbabll;tles and - the Dbeerved type o

frequen?les§ the’ Parameters can be e:t' ted by btandard mazlmum—likellhaea

_methods.. Standard qtatlstlcal methads can then- ‘be- useé to ‘measure goodmv
ness of fit and'fhus ‘determine which- ‘of two grammafs prav1§es the best
descflptlén ‘ s L - . :

:_examgle given “here- 1s'a  ;mp1e grammars the ‘methiod
V‘cantext_free grammars Wltn transf@rm



VI. Other Work in Progress

1. Automaton Models

The research staff of the Institute is just completing a study of
the application of probabilistic automaton models to hearing students’
performance on the algorithms of additlon, subtraction and multiplication.
Reasonably good fits are being obtained in these models with the intro-
duction of only a small number of error parameters. Typical parameters

are those for remembering a carry or borrow.

A comparison of the values of these parameters for normal and deaf
students will be of considerable interest. We hope by early fall to have
similar data with estimations of the parameters for deaf students. At
the present time it is too early to speculate whether any significant
differences will appear. It is true that a superficial scan of the data
does not indicate any systematie differences in performance. If so, this
stands in sharp contrast to systematic data on the language behavior of
deaf students, o o :

The theoretical framework for the probabilistic automaton models is
found in Suppes (1969). The data analysis of perfomance of nommal stu-
dents is Jjust being completed as a technical report by Alex Cannara and
Suppes, and will be available sometime this fall. ' ; '

H
!

2. Languégg @@ét =
. i

During the spring of 1971, work began on a test that would measure
the progress of deaf students in the Language Arts course and at the .
same time measure their ability in the curriculum areas covered by this
‘course. Most teachers of the deaf agree that none of the available
standardized tests are suitable for measuring the language ability of .
deaf students. Certainly none of them cover exactly the topics included
in this particular course. S o I

A preliminary version of the language test was written in May 1971.
This version was divided into eight subtests, which cover the following
. toples: directions, parts of speech, noun phrases and double -verbs, de- .
terminers, singhlar and plural noun forms, pronouns, subjects and -
predicates, and-adjective transforms. ~These main topics are. covered -in

the first-107 .lessons éfvthe[Lénguage,Arts;fof_the-Bégfféguiée;fiA'capy _

of this preliminary version of the test is included as Appendix 2..

- © At theﬁeﬂ&laf]MaYﬁthélfegtjﬁa,*éiVéhftoﬁéaﬂjgnigrmhigh;anéfséniér.i -
~ high school students at the Calif ia School for-the Deaf in Berkeley, - = ' ..
'»Ihe;tést;was_nat;deéigneg»asgg;sgee@ftest;;sgﬁsgéb;cléSE]Wéé;giVé“ éﬁ6ﬁgh”;ﬁ'“““*

time ‘for &1l of:the students o.Finish each subtest before going on to. .=
" the.next. The class-was firs the ‘example. problems

“asked  to work ‘through the

férfthe;suthétgﬂfThén5WQeﬁ;tfé?e?ﬁa&;bééh'éhéékéd"énd_sﬁY;questipg: bout - - .

"diréctiéﬁsiha@ﬁbéen;ansﬁereég_théTsﬁﬁdénfé;wéféfélléﬁéaﬁfbaéémp;




subtest. No class took more than 10 minutes to complete any of the sub-
tests, and most of them took less than 5 minutes.

Although we have no definite measures of reliability or validity
for this preliminary version of the test, it is still interesting to
look at the general performance of the group that took the test.- Most
of the test items were passed by a large majority of- the students. Only
about 12 percent of the total responses were incorrect. Two of the
classes that took the test (a ninth-grade class and a tenth-grade class)
had used the CAIL grammar drill-and- Practlce course. -About 8 percent of
their total Tespcnses were ineerrect., Another factor worth noting is -
that there was little variatioen. among the grades§ and there was certainly
no obvious ;m@rovement in scores as the grade level increased. This
corresponds with observations that have been made about the performance
of deaf students on other tests (Gentile, 1969) . :

Burlng the summer a réllabillty index will be determlned for the
test and some attempt will be made to establish its validity. The test
will be modified, based on. this information as well as on suggestions
made by teachers at the Berkeley school. The test will also be expanded
“to include tDplCS from the firsttwo hundred lessons. - Two versions of
the modified form of the test will be prepared, so that the students can
be given both a pretest and a posttest. Although the test will probably
be modified again during the summer of 1972, the regults of the testing
during the 1971-72 schocl year should give a fairly accurate measure of
both 1nd1v1dual and graup progress on the Aanguage Arts for the Deaf Course.

VII§ fﬁissemiﬂatioﬁ of Inféimatién'“ TE s e e

: ;L Teclullcal REP@I'tS

Friend' Jamé§1ne Computer—a551steé 1ﬂstruct;on for %he deaf at
Stanford Unlverslﬁyn December 1, 19703 Stanford Unive rsity,
Instltute for Mathematlcal Studles in the Soclal Sc1hﬂees= )

. Fr;end James;ne,» TNSTRUCT ender ! manual, Technlcal Eegart No:
Arey, Mav 1, 1971, Stanf@rd Unlver51ty5 Instltutévfor MathemutJCal
Studies in -the Social. Sclences,,,, VR S

Jf(CDgles of these ‘technical rep@rts have already ‘been submltteé to - -
“the- Bureau of Education- for the Handlcagpea af ﬁhe Unlteé States o
‘Office ef Educatlon,). B : : : B

7NewsbArtlclésé;f 

'rfnewspaper publlshéd by 



also printed in "Behavior Today," the Human Sciences Newsletter. The

following articles were published in major magazines of the deaf community.
Burdett, R. Interview with Ron Burdett at Stanford. The Deaf
Callfornlan 1971, 2,7- . ' o

Jacobs, L.  The computer assisted program for the deaf. The Deaf
Amerlcan, 1971, 23, 3-5. -

Leslie, J. A new teacher's aid: The computer. The California
News, 1971, 86, 10-11. '

3. LLeétures'and Demonstrations

On October 19, 1970 a CEﬂference was held’by IMSSS at Stanford for
the corsulting board of the Stanford CAIL for the Deaf Project. The con-
ference was attended by the f@llawing consultants:

Dr. Rlehard Erlll SupérlﬂtEﬁdéﬂt3 Cal;farn;a School for the Deaf
at RLVEIElﬂE§ Cailfornla.

Josephine Carrg Pr@gram Dlrectcr The Beaf Oreg@n C@llEge of
Educatlon, Monmouth, Oregon. : : ce

Ralph Néesam, Sugerv181ng Teacher H;gh School, California Schccl
for the Deaf at Eerkeley.— :

Dr Rcbert Panar53 Cha;rman, Engllsh Department Natlonal Technical
',Iﬂgtitgte fo the Deaf, Bachester New York. S

Dav1d Spldel Asslstant Dlrect@r, Eragect LlFE Wssh;ngtmn, D.C.

',Dr. Allce Streng, Callege af Educatlcn Uﬁlvefslty of- Clnclnnat;
Cincinnati), Ohio. C : ;

';.Hugh Summerss Ass;stant D:l.rect&:ar‘,7 Southweat Reglcnal Media Center-?
for the Deaf Las Gruces New MEx1con”]5_ mH‘1_, o :

The féllow1ng members of" the IMSSS staff spoke at the ccnference*
Rlchara Aiklnsan} James;ne Frlemd Max JETman3 Patrlck Suppes, and - Mona

Whlte.
"vSEVEral @ther lectures WETE glven in c@nnectlen w1th thlS prOJect.'

rv,'Frlend Jame51ne., The r@le c* comguter—a551stea iﬂstruéticn;ins ,
_the educatlan of- %he deaf. Lecture presented at the Council for
'.Exceptlanal Children. Conference on Instructleﬂal Techncl@gy in :
,iSpeclal”'ducati'n‘”S"” X3 '7 i : t afg 197©ea;gf,ﬁﬂfzy'

- lFrlend ;JamESlDEeg artlclpantggPastgraduate Sympcsium on: Héarlng

-g;and Speech Departmént of Pastgraduate Méalcal Education, Unlver31ty




Friend, Jamesine. The potential of computer-assisted instruction
in deaf education. Iecture and demenstration presented to a meeting
of the Deaf Adults With Needs (DAWN) project at the California School

for the Degf, Berkeley, California, February 27, 197l.
Friend, Jamesine. The Stanford computer-assisted instruction system.

A lecture and demonstration presented to the Coordinating Committee
Meeting of the County-wide Day Schools for the Deaf; Texas School

. for the Deaf, Austin, Texas, March 18 and 19, 197l;

Frlend Jam651mea The Stanford cgmgutew -assisted instruction for
the deaf project. A lecture and demonstration pre%ented to a meet-
ing of the California Council for Excegtlonal Children, Callfarnla
School for the Deaf, Berkeley, California, April 14, 1971.

Friend, Jamesine. Computer-assisted instruction for the ‘deaf at
Stanford University. A lecture and &emonstratlén presented to a
meeting of the National Advisory Committee on Educatien of the Deaf,
- California School for the Deaf, Berkeley, Callfarnlag May 14, 1971,

Friend, Jamesine. The Stanford programs in computer-assisted in-
structlcn, A lecture and demonstration presented to a workshop on
Improved Vocational, Technical and Academic Opportunities for Deaf
Persons, Seattle Gammunlty College, Seattle Washingten, June 2, 1971.

Friend, Jamesine. Computer-assisted instruction in language. A
1ecture and demanstratlen presented to the hEth Convention of
American Instructors of the Deaf, Little Rock, Argansa53 June 27

to July 1, 1971. This lecture w1ll be publlsheﬂ in the forthcamlmg
Praceeé;ggg of the conference.

'Suppgsj Patrick. _ An intreduction to camput@ru ssisted instruction
for deaf students. A lecture presented to the Symposium on Research
c.and UtlllEaELDﬂ of Educational Media for the Deaf, Midwest Regional '
- Media Center, Jnlver51ty of Nebraska, Llncaln Nébraskas March 22-
t2h, 197l Thls lecture will be gubllsneé in the fGFthQDmlﬂg report

;.on. the sympealum S : . :
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APPENDIX 1

Outline of Iessons in Language Arts for the Deaf

INTRO Introduction

DIR Vocabulary of Directions
DIRL first, second, third word

DIR2 after
DIR3 first, second, third, fourth, las? Ward
DIRY first, second, last ;etter
DIRS first, last letter ‘
DIR6 after,;létters and words
DIRT before; words
DIR8 before; letters
DIR9 after, before; letters
DIR10 after, before; words
DIR1l after the first; letters
DIR12 before the last; letters
DIR13 letters: first, after the first, last, befare the last
DIR1}  letters: first, second, third, faurth ‘last, after
the first, bef@re the last
DIR15 first two letters
DIR16  first two letters
DIR17 first two, last two letters
DIR18 and; first, second, third, last letters.
PIR19 more than one word, spaces between wards
DIRP® -and; first, second, third, fourth, lastg befDre the
' - last words B : , « , ,
DIR21  below _ : - : B
DIR22 - under = : S e e S
‘DIR23 . below, under
DIR24  above
DIR25  above, belew, under

‘NAA | :camﬁ@ﬂ ngun53'intﬁédﬁcfien
NAB ‘common naunss ‘continued :
DAA'] ‘determiners introduced (2, an, th%)
7MAA fr'_mlxed drill=;1dent1f1catlan of" nouns and dEtE£mlﬂET§
:MAB:1' - ‘mixed dr;ll nouns. and’ determnnerz: ij¢: o
‘FMACE Li?£leEd drlll nauﬂs and determlners ;f;} T
':lgLAA;,  _ivawels lntr@duc%d S - o

‘ ff@AB_;f,"determlnersF uSP @f fgt and “
‘MADf’“?i identification @f neuns and determlners

ﬂaun)

"ﬂifNEgAl:_;glntraauctlan @f ‘noun phrase%(det;_




NPAB
DAC
NAC
NAD
NAE
NAF
DAD

NPAC
DAE
DAF
DAG
DAH
VAA
VAB

VAC

_mlxed ﬂDunSs adgectlves, aetEEml"*'

'"fn@un phrases vlth adgectlves Q

?Q_flrst and: seeand noun. phrases.

noun phrase (single noun)

cardinals as determiners (one, two, three)
plural nouns introduced

plural nouns (-s)

plural nouns (-8, -es)

plural nouns (-ies)

plural nouns, all types

plural nouns, irreguiar

determiner-noun agreement in number (one, two)
determiner-noun agreement (some, every, ho)
review noun phrases (including new determiners)
determiner-noun agreement (a, some) .

review determiners (cardinals)

review determiners (a, an)

determiner-noun agreement (as an, seme)

verbs introduced (one-word verbs)

one-~word verbs, continued ’

mixed review: verbs, determiners, nouns
twoaward verbs ‘introduced. (progre;s;ve form)

review: one-- ‘and two~word: verbs'w'

‘mixed:. 1dent1fy noun phrases and verbs

modals introduced. (can3 ‘may, nght3 mu&t ‘should, would,

adjectives. intreduced. (eeler)~‘~

 adJEQt1VES (shape ana size). .

ladgectlves (1dent1fy twa in sentence)

mlxed nauns aégéﬁfives, determlné?s, verbs

'“1dént1fy naun phrases Wlth a&géctlves Qag ;;

?5preé1cate adgectlves Lntr@duc%é

 f-m1xed rev;éwf*n@un'7hraseg andﬁve bs

could)




NPAH objective noun phrases

NPAT noun phrases, subject and object guestioens

ATAR adjective transform introduced (subject noun phrase)
ATAF adjective transform (position of adjective)

AJAG  adjective traﬂsfaiﬁ;(cbjéct noun phrase)

ATAH adjective transform (position of adjective)

SAA sentences: subjecﬁ~and~predicate—intradﬁceé:

SAB subject and predicate, continued |

PNAA  pronouns introduced (he, she, it, they)

PNAB pronouns introduced (I, you, we)

PNAC proneuns introduced (me, him, her, it, us, them)
NPAJ =~ pronouns as noun phrases

SAC subject and predicate (pronoun subjects)

PNAD prenoun~antecedent agreement . (he, she) .

PNAE pronoun~antecedent agreement (he, she; 1t)

NPAK review Slngular and Plural noun phrases

PNAF - pronoun~antecedent agreement (1t théy)

PNAG pronouﬂmantécedén+ agreemen't‘(hej Sh%é,lt théy)
MAL . mixed review:. 1aent1fy -nouns and: pronouns

MAM = mixed rev;ew*AdetexmlnEfs§ adjectives, verbsg ‘nouns-,- pr@nauna

PNAH*3~'pr@neunmanteceaent;agreementw(her ‘him)

- PNAT pr@neunmanteceéent agreement-(herjzhlmg;lt)
PNAJ pronoun-antecedent aére&mént‘Ghérgshimgjitgzthém)f'”
SAD ~ review subject ama_predioate"" T
7PﬁAK  E?@ﬁéﬁbiéﬁtéﬁedéﬂtfagreement (sh@ héxg hejrhlm)
:LPNAL. vpraﬂaummantecedent?agreement (theyg Lhem)

NPAL ;f31ngular and - plural neun: phrasesj’ néluélng prcnéuns




NAJ
NAK
DAM

plural nouns with same form as singular

mixed review of plural nouns

review singular and plural determiners

singular and plural noun phrases using "some" and "every"




APPENDIX 2

IMSSS : anguage Test (Preliminary Version)

Subtest 1 = Directions

Sample Questions
A) Circle the third word.
The rain washed my car for me.

B) The class took a trip to the cookie factory.
1 2 3 4 5 6 7 g 9

.

Write the number under ccak;e H

1). Circle the first word.
' People are funny sometimes.

- 2) I see two nests in the oak tree.

12 3 L5 6 7 8

erte the number under “treen
3) ﬂCircle the word before "show." :
:: 'v ‘La$£:Wéékené"£ﬁeré,was a;pupgét‘Shaw in-the gafkg'
4)  Circle the Pourth word. ' e 7

~ Our friends are Pdlﬂtlﬁ% tm31r h@u:E Ieau;'

1@5) ‘C1rc1a th% last wardg; _ 7 -

A baby camél was béxn in the zgggrr'°'

éji;M@thér ané hez friend Bill W%ﬂt aw1mm1ﬂga o
o1 2 30 W5 6 T

Write the:ﬁuﬁﬁef:uﬁﬁéf:thé*wgfd_ﬁfriéngS'k7

7) Clrc:le “the ’W’ar@ S-Fte:r‘ t‘ LEEPE £ |
! thtLé babléé eat ané sieep mast af the,tiﬁé, R
"{5): G1Tc1e the Ward befar% "hGrS%u' SR

My m@ther r@dé a havbe t@ schoala.;




_Subtest 2 - Identify Parts of Speech

Sample Questions
I see an elephant.
1 2 3 L

A) Write the number under the noun.
B) Write the number under the pronoun. ___

Mother thinks it is silly.

i1 2 3 4k 5
1) Write the number under the pronoun.
2) Write the number under the adgectlve,

We saw seeds inside the flower.

1 2 3 L 5 6
3) Write the number under the determiner.,
L) Write the number under the first uoun. i
5) Write the number under the proenoun. =
Ron drives a little yellow car. ' '
1 2 3 k4 5 6
. 6) Write the number under the verb. o

'7) Write the number under the first adjective.
She picked six lemons from. the tree. .
1 2 3 y 5 6 T
8) Write the number under the second noun.,
9) Write the number under the verb.
l@) Write tPe'number-undérrthe,flrst determiner.

Every day the black cat v181ts me.

11) erte the number under the verb. ,
12) Write the number under the first determiner.
13) Write the number under the pronoun.. ' R

T think that the dog in the car belongs to. thema, —,; 
'_l,, 8_'3 % 5.6 7 & 9 1o 11 o
‘14)» Writé.the'number under the. second- pran@un;' f; 7¥

15) Write the number under the first noun.

",Hé jumpgdﬂévergthe fence and ran acrass the. wets green grabsn;
1 2 - 3 'i—h* =57 "6 a,7;1r,8 f‘h=9-_ 10 ll '127 "

ilg)f"Write'tﬁéinumber under- the 5eccna noun.
"17) Write the number under: the first adgectlve,
~ 18)  Write the number under the se;cnd verbglw




Subtest 3 - Noun Phrases and Double

Sample Questions

A)

B)

Cirele the noun phrase..
There is a new store near here.
Circle the verb.

I was thinking about you yesterday.

3)
k)
5)

6)

7

Circle the verb.

Both Phyllis and Mary can read very well.
Circle the second noun phrase.

T love to eat fresh fruit.

Circle the plural noun phrase.

~Some teachers like to come to school éarly§

Circle the verb.

After SéhDDigyMafy'is g@ing to San Francisco.
Cifcle the first neun phraéag .

You can>have some dessert in the living room.
Circle the singular noun phrase. - .
The men worked in the barn.
Ciréle'ths'secaﬁd‘vérb? ,

We ﬁere,éaﬁ;iﬁgréﬁifﬁhay were singing. -

Girgle the plural noun phrase.

Four sheep escaped from the farm. -

Verhbs




Subtest 4 - Choose Correct Determiner

Sample Quésti@ns

Circle the correct determiner.

A) You have [some, the] boeok T was reading.

B) [A, Four] boys are playing basketball.

Circle the correct determiner.

1)
2)
- 3)
u)

5)

6)

7)
8)

There is [a, an] elephant in my béckyard,

T had [no, two] freuble finding your house.
[Bvery, All] computers make mistakes sometimes.
You ﬁay>hé§e [one, ten]‘éeékie béféfe aiﬁner; |
[A, Some] thlarenrden’t have enough to eat.

He milked [a, threé] cows before breakfast.

Tuey picked [every, six] £ wer she saw.

. We are going to take [a, an] trip to Sacramento.




Subtest 5 - 8Bingular and Plural Nouns

Samkle Questlans - Part 1

A) Write the plural of plum.

B) Write the singular of houses.

1) Write the plural of bush.

2) Write the plural of dinner.

3) Write the singular of feet,

4) Write the plural of telephone.

5) Write the singular of cries.

6) Write the singular of patches.

7) Write the plural of woman.
8) Write the plural of knife.

9) Write the singular of deer.

10) Wriie the plural of penny.

Samglé Questions -~ Part 2'
c) - Clrcle the plural noun.

- I 1lived @n a farm far three yearsgiﬁ
D) 'Clrcle the carrect noun.

'She has two [d@llar, agllars] in her pursea

11)  81rcle the plural néungv"' ,
V The fl@wers look pretty on the tableai
12) ,Glrcle the 51ngular neun. - '
il'Tbe cat caught twa mice. .
13) ‘Circle ‘the c@rfect neun. o 7
t ,S@mE'[rabblt rabblts] came out @f that hele,
lﬁ) ‘Cirele the plursl noun., "'7 f T
| jMather flxed four: 1unches fer our plCﬂlcg
15) Circle the correct noun. o ‘ ,
o ) The Lchlld chLlﬂren] were eat;ng 1ce cream at the;péfty;
-16) Circle the cerrect noun. - B R

I w111 glve you three [guvzssj guésses]




subtest 6 - Choose Correct Pronoun

Sample Question
Grandpa bounced the baby on his knee.
[He, They] bounced the baby on his knee.

Circle the correct pronoun.

Circle the correct pronoun.

1) Some women like to live alone.
[They, She] like to live alone.

2) Mike sent a letter to the queen.
Mike sent a letter to [him, her].

' 3) The ice cream is very cold.

i [He, It] is very cold.

| 4) I played basketball with my brother.

/ I played basketball with [him, he].

J:

5) Her father invited me te dinner.
~ [She, He] invited me to dinner.
6) Kathie made dinner for her friends.
Kathie made dinner for [her, them].
.7) My mother likes her jébﬁ |
[She, It] likes'her'j@bn
8) I sawvthatyiaéy_iﬁfavpurPle'caf,

I saw [she, her] in a purple car. -




Subtest 7 - Subject and Predicate

Sample Questions
A) Circle the predicate.
Father ate ten pancakes.
BY Circle the subject.
| My friend gave me a big hug.

1) Circle the predicate-
A big storm is coming.
2) Cirecle the subject.
It was é happy day.
3Y Circle the subject.
.~ The furry black bear liked the peanuts.
LY Circle the predicate. -
Your pet bird Slngs very well.
5 Circle the predicate.
Dean gave me a beautiful necklace.
&) Circle the subject. ' 7
7%a11§~flewrta Los . Angeles Wlth her uncle,,
7)) ,Cifélégthe'gredlcate, ,
' Mother and.I baked a b;fthc:lay cake.
'8) CiTclé”ﬁhe-subJect@ ’

:'M?¢bést.frlgnélls from Mexice




Subtest 8 - Adjective Transforms

Sample Question v
There are three trees in front of our house. (The trees are big.)

A) There are three trees in front of our big house.
B) There are three big trees in front of our house.

Write the letter of the correct sentence:

1) Janice put on her coat and went out the door. (The coat was new.)

A) Janice put on her new coat and went out the door.
B) Janice put on her coat and went out the new door.

Write the letter of the correct sentence.
2) Three eats'pléyedbwith a ball in the yard. (The ball was brown.)
A) Three brown cats played with a ball in the yard.
B) Three cats pleyed with a ball in the brown yard.
C) Three cats played with a brown ball in the yard.
Write the letter of the ccrfééf sentence: _
3) One morning, Colin went for a run near the river. (The morning was cold.)
A) One morning, Colin went for a cold run near the river.
B) * One cold morning, Colin went for a run near the river,

C) One morning, Colin went,far a run hear the cald river,

Write the letter of the c@rrect:senﬁéﬂce,

4) 1 have a EurprlSe for- yau a;ter school. (Ehe surprise s wonaerfulg)

A) T have a surprise for yau after wonderful schoole.
B) I have a surprise for wonderful you after school.
€) I have a wcnderful surprise for you after school.
o |
Write,the_;%tter @f the carrect sentEﬂce;,
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Progress Report

OE Project No. 1L4-2280 Grent No. OEG-0-70-4797(607)

Period: July 1, 1971 to September 30, 1971 Date of Submission: October 30, 1971
2 : R :
Name of Institution: Stanford University
' Stanford, Cslifornia 9&305

Title of Project: Gamputer-5531sted Instructlon in Mathematics and
Language Arts for the Deaf

Name of Project Director: Prof. Patrick Sugges' Bureau of Education

for the Handicapped
Divieion of Research .

1. Major activities and acccmpllshments during this period

Further lessons for the Language Arts for the Deaf course were written
and coded during this reriod. All 200 lessons for the first year of the course
are now written and 175 are completely programmed and avallable for student use. .

Teletypes were installed in several new schgols during August and September.
Eight teletypes were installed in the Florida State School for the Deaf and the
Blind in St. Augustine, Florida. Ten teletypes were installed in the Oklahoma-
School for the Deaf in Sulphur, Oklahoma. Teletypes were installed in six
county-wide day schools for the deaf in Texas: four in Montrose Elementary

~School in Houston, two in Pfeiffer School in San Antonio, two in Skyline Career
Development Center in Dallas, one in John B. Hood Junlor High School in Dallas,
two teletypes in Tarrant CDunty Day School for the Deaf in Ft. Worth, and one
in Beaumont Bi-Countywide Day School for the Deaf in Beaumont. The teletypes
“in the county-wide day schools in Texas and those in the Oklahoma School for-
the Deaf are operated fromi'the Stanford computer via a small eamputer lacated
at the Texas Schécl for. the Deaf in Austln.z - :

Alterations were made in the program for the language arts course to ex-
reriment with three different teaching strategies. There are two experimental
groups using each of the three strategies which vary in the;r 131nfarcement '
routines. - Data’ is b31ng ccllacted Tor. future analy51s, '

i The pretest for the language arts ccurse was expanied and rewr;tten, and i
wes distributed ta all Df the particlpating schaols durlﬂg thls perlcd. ‘ o

The program for. the transfgzmatlonal grammar course was rewritten in such':

- a way as to allow at least five students to use this course 31multanecL;ly.,aAr_ : .

‘new lesscn assembler was also written for this eourse whlch will allow lessans e
to be praduced mere gulckly,. e e o : .




A new teacher's handbook for CAL courses was written and distributed to
all the participating schools. A supplement on the Language Arts for the
Deaf course was also written and distributed.

By the end of September all of the schools that had participated during

the spring, except the three schools in the Palo Alto Unified School Distriet,
were again operational. The new schools will be operational very soon.

2. 7E;gblems

None

3. Significant findings and events

Neone

L, Dissemination activities

None

5. Capital equipment acquisitions

Fifteen modified Model 33 téletyp;s and 12 Collins data sets were purchased.

6. Data collection

Detalled Iespcnse data on each student‘s use of all CAI courses are being
vcgllected and stored. The daily report program .on the .Deaf Laﬂguagé Arts
course was revised to give more info:matlon. :

7 Dthei' actiﬁ.ties[ '

Teachlng tralnlng for all the new sch@@ls -was done during this perlcd. Ar
" the beginning of July, Mary Barefield (Currieulum Coordinator for. Texas Cnunty-;

~ wide Day Schools) and Melissa Scott (Iexas Education ASSGQlatan) came to S
Stanford for CAI orientation. - At the end of July, ‘Diane Gouch (Florida School

" for the Deaf) and Richard Youngers and Jack Garrison (Oklahama Schaol for ‘the
"Deaf) came tc Stanford for CAI DrlentatlonaW'_ , , :

o f Qn September 15 a Ieacher Warkshap on the. Language Arts course was’ held
at the Texas School for the Deaf. On. uEPtEmber 28 a similar Workshop was—hel&

-workshop was held st the Oklahama ‘School  for the Deaf.. On: Ogtaber l9e22
ntatian wcﬁkshap Was held ‘at fhe Fjarlda Sehegl fcr the Déaf.,,_ o

‘the California School for the Deaf in Berkeley. ' On October 11-13 an: orientaéi 1;f



8. Staff utilization

Mrs. Helen Chetin left the project. Miss Mary Hueners left the progec't.
Mr. Robert Smith, research associate, rejoined the project to work on the
transformat;gnal grammar course and on analysis of deaf writing samples.
Miss Marney Beard was promoted to be responsible for all lesson programming
on the language arts course. Miss Joanne Leslie began working full time and
took on administrative responsibilities in addition to her curriculum writing.

9. Future activities planned for next reporting period

The first year of the language arts course will be completed and work will
begin on the second year of the course. The language tests will be scored and
analysis of this data will begin. Some evaluation of the use of the CAI courses - -
during the 1970-71 school year will be done and detailed evaluaticn models for
this school year will be prepared.

10. Certification |

Sigrnature of Contract Officer Project Director e

Date







Progress Report

OE Project No. 14-2280 Grant No. OEG-0-TO-4797(607)
Period: OQctober 1, 1971 to December 31, 1971
Date of submission: February 1k, 1972

Name of Institution: Stanford University
Stanford, California 94307

Title of Projeet: Computer-assisted Instruction in Mathematics and Language
} Arts for the Deaf

Name of Project Director: Frof. Patrick Suppes - Bureau of Education

for the Handicapped,

Division of Research

1. Major activities and accomplishments during this period:

Curriculum for the Language Arts for Deaf course was completed
during this period with 200 lessons now available to the participating

schools. All of the schools mentioned in the previous progress report
were operational during this period.

Average student per day use of CAIL courses was as foll@ws:_

School B . Average
Kendall School for the Deaf , - : 61
M.S.5.D. » : 49
Gallaudet College _ ' 1L
Florida School for the Deaf _ 156
Bachrodt ‘ T 9
San Jose High School B - 13
Hester School _ o : R T
‘Berkeley School for the Deaf _ ' S 11k
George Washington Junior High School L .6
Texas School for the Deaf o - CATh -
Beaumont School District =~ B 15
Bexar School for the Deaf N e 33
 Montrose School for the Deaf o - 82
Tarrant School for the Deaf . =~ . .35
~Skyline High School ' ) o ‘ 22y

" Oklzhoma School for ‘the Deaf - oo 103
= Jéhn B Haod Junl@r ngn Schccl R L R |




Major work on evaluation of the use of IMSSS CAI courses by
deaf students was begun during this period. A pretest on the lan-
guage skills taught in the Language Arts for the Deaf course was
given to about 500 students in participating schools who were reg-
istered for this course. In addition, the test was given to about
50 hearing students at the Brentwood School in East Palo Alto who
are taking the language arts course and about 50 students at the
- Florida School for the Deaf who are taking the mathematics strands
courgse but not the language arts course. The correction of these
tests and the creation of computer files of test data were begun.

Preliminary evaluations of the use of the mathematics strands ‘
program at three schools during the 1970~71 school year were made i
during this periocd. These evaluations were based on both gains as
indicated by the CAI program and gains as indicated by external tests.
Specific findings are presented under Significant Findings and Events.
Statistical models for the future evaluation were develaped One
class of models varies the proportion of mathematics sessions to
language sessions on the computer for Jifferent groups of students.

Anothar class of models predicts the number of mathematics sessions
for a certain student to achieve a specified grade level goal during
a given period of time. ' ;

2. Problems:
None.

3.. Significant findings and events: -

Data on 51 students in the Palo Alto School District classes for
the deaf were analyzed. The students used the IMSSS mathematics §trands
program for February through June, 1971, and weré pre-and-post-tested
with the IPT Mathematics Continuum as part of the regular school testing
program., -Both linear and nonlineaxr regressions were run and it was
found that number of CAI sessions ‘had a significant effect on IPI gain,
as well as on CAI galn_ :

Data on 101 students at the Texas School for the Deaf who used the '
mathematics strands program during Spring, 1971 were analyzed. Students
were tested w1th the Metropolitan Achievement Test in January 1969,

- January 1970, and May 1971 as part of the regular school testing progranm.

- It was found that- the mafhematlcs gaans during the- 1976-71 school year

 for these students ‘were higher than during the 1969-70" ‘school” year; and.
further, that the- number ef CAI mathematlcs sess;cns ccrrelated PDSlthElJ
Wluh MEI galnsifxf'~ : “ :

Data -on 172 students at‘the Califcrnla Schccl fcr the Deaf aﬁ -

-E—fwere analyzed. §




These data are inconeclusive as far as effects of CAI are concerncd
because gains on most of the SAT subtests were less during the 1976=71

school year than the 1969-70 school year.

A detailed analysis of the first 25 lessons of the Language Arts
for the Deaf course was made based on responses of a sample of over
300 students who had done these lessons. These 25 lessons are on the
language of directions as used in the following lessons on grammar
and usage. Fourteen variables were identified in these lessons and a
linear regression analysis was done to see which variables were most
influential.. It was found that the number of words in the instruction
accounted for the most variance and that the number of characters 1n
the correct response was next in importance.

-

L. Dissemination ac+1V1tles.

None.

5. Capital equipment acquisitions:

None.

6. Data collection:

Detailed response data on each student's use of all CAI courses are
being collected and stored. The TALK program was modified to record only
conversations between students. The Item Analysis I program was run on
all student responses on the Language Arts for the Deaf course from Feb-
ruary 11, 1971 through October 18, 1971. This program shows the total
number of students who did each exercise in the course, and the percentage
that answered correctly on the first try This analysis will be used for
future revision of the course. ' ’ ;

7. Other activities:

: Several v151ts to part1c1pat1ng schcals were made durlng this pEIlDd
October 11-13, teacher workshops were given by Carolyn Stauffer at the
Oklahoma School for the Deaf. October 14-15, Mrs. Stauffer attended the

o Wimberly Conference on county-wide day schools for the deafl in Texas. Oc-

.tober 19-22, teacher workshops were given by Grace Kanz at the Florida

State Sdhocl for the Deaf and the Blind. TFrom October 28 through November
10, teacher crlentatlcr at the Texas County-wide Schools for the Deaf was
. conducted by Lynda Culbertson and Mary Barefield of the Texas- Sdhccl for the -
- Deaf. Teletype installation on- malntenance trips:-were made October 6—-153 "
to the Oklahoma State School for the Deaf, ‘the Texas. Séhcol for the* Deaf .

and the Florida State School for the Deaf and the Blind. A teletype: maintea -;‘*f7

'_nance tz;p was made-tc the county—wzd » chccls 1n Texas, November 15 1 -




Jamey Friend and Dexter Fletcher visted the schools in Washington,
T.C., November 28 through December 2 and the schools in Texas, December
5-7 to introduce Mr. Fletcher as new project coordinator.

During this period some preliminary analysis of deaf writing samples
was done. The distribution of length of utterance was obtained and a
dictionary of words in the corpus was made. These words were ranked by
frequency of use and classified according to grammatical function.

Teachers at the Kendall School for the Deaf wrote various experimental
lessons in language skills. These lessons were rewritten and coded to make
them available as CAI. Experimental use of these lessons with Kendall
students is planned. .

8. 8taff utilization:

Effective December 15, Mr. Dexter Fletcher replaced Mrs. Jamesine Friend
as Curriculum Coordinator for the project. Mrs. Friend resigned from IMSSS
because of an impending move from California. Mr, Fletcher's vita is enclosed

with this report.

9. Tuture activitieglﬁlanned for next reporting period:

Experiments based on the evaluation models mentioned in section 1 will
be set up in the participating schools. Both on-line and off-line pre-
testing of students will be done in connection with these experiments. Re-~
search papers on the la:ngua.ge arts curriculum and the analysis of deaf
writing samples will be written. Data from the language arts prEatest will
be analyzed and a parallel fcrm.post test will be prepared..




Progress Repcrt

Qi Projoct No. 14.-2280 Grant No. OEG?O“F{'Q—LP?:‘}{ { {;’.‘f‘f )
Teriod: Januury 1, 1972 to March 31, 1972
Date of submission: April 25, 1972

Fame of Institution: Stanford University 7
Stanford, California 94305

Title of Project: Computer-assisted Instruction in Mathematlcs and Langusage
Arts for the Deaf

Name of Project Director: Prof. Patrick Suppes
. rzau of Education
for the Handicapped,
Division of Research

1. Major activities and accomplishments ﬁurﬂng this Period:

Two evaluation experiments concerning the use of the mathematics strands
program in participating schools for the deaf were implemented. ZExperiment I
will measure the effect of different numbers of math sessions on gain scorez on
a standardized computation test. Students whose average grade placement on math
strands was between 2.4 and 5.9, who had completed at least 15 math session:z by
January 7, 1972 and who were registered for the language arts course as well as
for the math course were eligible for this experiment. The eligible students were
assigned to one of five experimental groups. These groups were assigned 10, 240,
70, 10C, and 130 math sessions respectively. The students recieve language agﬁs
lessons only when they are keeping up with the réquiréd number of math sesslicons
for their group. Experiment I began on February 8, 1972 in the following schools
with the number of students shown:

Kendall - 43

Texas - 89

Berkeley - - 80

Oklahoma - 60

Tarrant - 3

Beaumont - 10

Skyline - 5 N
John B. Hood - 6

*Montrose ) : - .27

Total = . g' - 323

Experiment ¢I is an attemgt ta determlne how we17 we - can predlet the numberv; o
of math sessions a student will ‘need to at+¢1ﬂ an- 1nd1v1dually prescribved. Derzozm—
-ance goal. Any student with an average grade placement between 2.0 aﬁdig'Q Vﬂ@
,fhaa comnleted EO math se351ons by January T, was. eilgible for: this- ‘experiment.’” ’
‘gcal~was’based cn prevlcus ga;nzln average graae-




placenent on math strands.
i ; many slrands sessions per day esch student mist
{pr him. 105 students at the Caiifornia School for the
students at the Texas Scnool for the Deal and 162 studentz
Wlorida School for the Deaf are participating in Experiment IT, wnich =
on February 1k . All students participating in either experiment tock - i
version of the Stanford Achievement Test (SAT) given by computer at the ena of
January. A third experiment to test the concurrent validity of the modifiea SAT
with the paper and pencil SAT was also undertaken.

o
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The scoring of the language pretests was completed end individual 1 >
sponses for all students were entered into computer data files. After lncordlete
tests were eliminated, we had data for 519 tests. Preliminary analysis of this
test data will be discussed in section 3.

An item analysis program was completed and run for student responses on the
G-course (Language Arts for the Deaf) over the period October 26, 1971 through
February 26, 1972. This analysis gives for each item in the course 1) nurber of
students who responded 2) number who gave a correct first response 3) the ver-
centage who gave a correct first response and &) number who asked to be given the
correct ansver.

A language arts course report was completed to give for any class of students
over any period of time, the language arts lessons each student had completled,
nunber of exercises in each lesson the student completed, percentage of completed
exercises in each lesson that were correct, and an ordinal indicating when in nis
sequence of lessons the student took each lesson.

Under separate funding, two teletype terminals were installed in February at
the Feirmeadow School in Palo Alto for use by students in the Program for the Deaf
and Hard-of-Hearing of the Palo Alto Unified School District. 63 students from
grade 1 through grade 8 are registered for the math strands program agd/ar the
language arts course.

Y

. Problems:

None.

‘3. Significant findings and events: - ' S )

Language pretest data for 519 students were analysed. For gach student we
obtained the number of correct responses, the number of incorrect responses, the
pumber of items with no response and the percentage correct of the total items.
Tncluding sample items, there were a total of 129 items on the test. The high
score was 127, the low .score was 12;. the mean score was 86.1 (67%) and the stan-
dard deviation was 22.3. The analysis also gave the number of correct, incorrect

" and omitted responses for each item providing a basis for comparing the difficulty -
of the test items.. One unexpected finding wes that there were a large number of . -
" _incorrect and omitted responses on-the sample items.- - S

. on the items in the G-course itself gave a basis for com-
esson and ‘among lessons. Also this .

. The item analysis on the it _
‘paring the difficulty of the items within o
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analysis indicated the relative difficulty of lessons in the course.
student performance on all items in lecsons on pronouns seemed Lo sh
topic was alrecady well understood.

L, D:L soomi naL:L on activities:
Nena.
5. Cavival equivment acquisitions:
Ncone. | ' i

- \ -,
6. Date collection:

Datz on student performance on all CAI courses used in participating schools
continued to be collected and stored. A guestionnaire was sent to all partici-
pating schools reguesting information about language and math curriculunms and
testing programs. Similar questionnaires were sent to many non-participating
schools for the deaf requesting information about uhélf language testing programs
and language curriculums.

7. Other activities:

Several visits to participating schools were made during this period.
February 9-20 Mrs. Grace Kanz gave teacher workshops at the Florida School for th
Deaf, the Texas School for the Deaf and the Pfeiffer School in San Antonio, Texas.

- February 18-21 Mrs. Carolyn Stauffer gave teacher workshops at the other county-
wide schools for the deaf and attended the Conference of County-Wide Schools for
the Deaf in San Antonio. TFebruary 10-21 a teletype repair and maintenance trig
was made to the participating schools in Texas. Tebruary 29-March 2, Mv: Dexter
Fletcher went to Austin to discuss the math experiments with members of the staff
of the Texas School for tae Deaf. March 13-16, Mr. Fletcher and Mrs. Stauffer
visited the participating schools in Washington, D.C., and also visited the
National Technical Institute for the Deaf in Rochester.

Work continued on the experimental CAIL lessons written by heacher at the
Kenqall School. :

8. Staff utilization:

Mr. Dave Voorhees, who worked part time for this project, left IMSSS at the
beginning of January. The secretarlal staff changed during this period; Miss
‘Nancy Stinson’ JOlned the project at the beginning of January as a half-time secre-

~ tary; and Mrsi Chris Spraker left the pr@geci as a. halfstlmE secre+ary at ;be end
-oT March : ¥ : :

.9, Futu?e actlvltles planned far next repcrtlng perlad f, ;  L o h ;7:;_

S Pasttestlng for both the mathematlcs experim%nts and ths 1anguaﬁe te&ﬂ;ng
: program Wlll be comple;ed in May, 1972.7 Two r%v;sedrfcrms of the language,uést
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varallel forms which will be given 1o abso
iod. A technical report on the TdS35 CAL

ns of the G-course will be plannad based
the language test, and resultis the experiments

ot
deuts on the coursé recelve different patterans of

armined.




