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© ABSTRACT

This project supported development, evaluation. and research of
computer-assisted instruction {CAL) for hearing-impaired, or ‘deaf',
students. More than h,OOO students from 15 schools for the deaf in five
different states participated during tne three-year term of the project.
Although students received CAT in algebra, logic, computer programming,
and basic English, the skill subjects of elementary~school mathematics
and language arts were emphasized by thes project. Experimentation sup-
ported by the project ranged from practical evaluation studies of the
specific curriculums presented to general, theoretical studies of the
use of language by deaf students. '

The project demonstrated that CAL can significantly benefit déaf
students, that it can support serious research in deaf education, and

that it is economically practicable. A general aim of the project was

to initiate large-scale use of CAI in schools for ihe deaf, and available
evidence indicates that this aim was successfully met.
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PREFACE

We acknowledge the essential work performed by Jamesine Friend in
the initial stages of this project. Much of what was accomplished by

the project depended directly on the foundation she created.
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L. TITRODUCTION

This project supported research and d..elopment of computer-assisted
instruction (CAT) for hearing-impaired, or 'deaf!, students. The term
of the projgect was July 1, 1970 to June 30, 1673. (AT curriculuss devel-
oped by the Institute for Mathematical Studies in the Social Sciences
(IMSSS) at Stanford Unlversity were used by more than 1,000 deaf students
during the 1970-71 schonl year and by more than 2,000 deaf students during
the 1971-72 and 1972-73 school years. The project generated significant
interest and support among =ducators of the deaf throughout the country,
and served as a major impetus for the installation cf CAT 1in schools for
the deaf across the country. Genersl descriptions of the project were
provided by Fletcher, Jamison, Searls, and Smith (1973) and by Suppes
(1971,.1972a, 1972b). :

A. The Stanford CAL System

The central processor forxr the Inamitute's computer system is a
Digital Equipment Corporation PDP-10. In addition to 256K of core mem-
ory, short-term storage of programs and student ianformation is provided
by sixteen 180,000,000-bit disk modulez. Long-tem storage of student
response data is provided by magnetic tape. About 280,000.000 bits of
information can be stored by the system on one magnezic tape. Communi-
cation with remote student temminals in participating schools is provided
by private telephone lines. High-spsed data transmission (generally
2400 or 4800 baud) and time-division multiplexing are used to communicate
with clusters of 16 or more student terminals. “a 1972-73 more than 180
terminals were connected to the Institute system. About 125 of these
terminals could be used simultanenusly with no appreciable detriment in
the system's sp=ed of response., Any curriculum or osther program could
be run at any time on any student terminal.

_ The student terminal: ars 'KSE Model 33' teletypewriters. These.
teletypewriters communicate with the central computer system at a rate
of about 10 characters per second (110 baud}. They provide no audio,
visual, or graphic capability, tut their cost iz about one-tenth of
terminals that do. Despite their limitations, these inexpensive ter-,
minals permitted develspment of CAL thaf has producsed dramatic gains
in pedagogical achievement for hearing studeats as Suppes and Morningstar
(1970, 1972), Fletcher and Atkinson (1972), and otaers have reported.
For that matter, Jamisor, Fletcher, Suppes, and Atkinson {1972) have
argued that for cost~affectiveness, CAL, using zatellite communication
and teletypewriters, is a superlor metho>d for providing compensatory
education. ' ‘

In a typilcal school, there is one room contain.ag 8 to 15 student
terminals. One person, who is chosen by the school to be the CAL ter-
-minal proctor, is in charge of the equipment and of supervising students
in the temminal room. Usually accompanied by their classroom teacher,
the students enter and sit at any free terminal. The student starts



the instruction by pressing the.start key to signal that he is positioned
at the terminal and is ready for attention. The program responds by typing
HT
PLEASE TYPE YOUR NUMEER AND NAME.

and the student responds accordingly.

Each student receives a unique number when he enrolls for CAIL, so
the request for the first name is merely an additional safeguard to
ensure correct identification. A student can be, and usually is, en-
rolled for several available CAI courseés. He uses the same number for
all courses and types a one-letter identifier to indicate which course
he is requesting. In the following example, the student is using S, .
ihe identifier for the elementary mathematics strands course. (Student
responses are underlined in the example.)

JHI ‘
PLEASE TYPE YOUR NUMBER AND NAME,
S3456 MARY

The program scans the file of registered students, finds this student's
last name, and types it. Unless he types special instructions, the
student will then be placed in his sequence of lessons exactly where he
left off.

HT
PLEASE TYPE YOUR NUMEER AND NAME,
53456 MARY SMITH

JOB 10 ON TT5013 FRI FEB 2 73 8:46AM-PDT

HELLO MARY
HERE IS SESSION 46

16 -9=_

B. 1970-71

The original proposal for this project was prepared in cooperation
“with three schools for the deaf and one school district that had already
indicated great interest in having CAI curriculum for their deaf students.
These were the California School for the Deaf in Berkeley, California;
the Kendall School for the Deaf in Washington, D.C.; the San Jose Unified
School District in San Jose, California, which has day classes for the
deaf in four schools; and the Texas School for the Deaf in Austin, Texas.



Students at all of these schools regularly used Stanford CAL courses
during the 1970-71 school year. In addition, the Mocdel Secondary School
for the Deaf, Washington, D.C., and the Palo Altc Unified School District,
Palo Alto, California, used funding from other sources to participate in
the project during 1970-71l. The Palo Alto Schocl District included the
Stanford terminals as part of a larger experiment using CAI for deaf
‘students. This project was documented by Jackson (1972).

During 1970-71 there were 60 terminals in operatloﬂ at the partici-
pating schools. Over 1,000 deaf students used one or more of the Stanford
CAL courses. e

c. 1971-72

All of the schools that participated in the project duri-g the
1970-71 school year continued during the 1971-72 school year, and sev-
eral new schools joined the project. The schedule ori~inally proposed
that one new schcol with 15 terminals would be added during the 1971-72
school year., However, so many schools for the deaf expressed interest
in CAI that it was offered on a 50-50 cost-s'.aring basis, thereby
allowing more schools to join the network. Two residential schools, the
Florida State School for the Deaf and cne Blind, St. Augustine, Florida,
and the Oklahoma School for the Deaf, Sulphur, Oklahoma, were added.
Also, five new locations were added in Texas under the state's day school
program. Houston Independent County-Wide Day School, Houston, Bexar
County Day School for the Deaf, San Antonio, Dallas County Day School
for the Deaf, Dallas, Tarrant County Day School for the Deaf, Fort Worth,
"and Begumont Bi-County Wide Day School for the Deaf, Beaumont all
joined the network. The telephone line costs for the Texas county—wide
day schools, the Texas School for the Deaf, and the Oklahoma School for
the Deaf were reduced by creating a circuit that combined both time-
division and frequency-division multiplexing in a single network.

All schools for the hearing impaired that participated in the pro-
ject during the 1971-72 school . yeavr, including number of CAI terminals
installed and percentage of financial support provided by the project,
are listed in Table 1.

D. 1972-73

Despite a number of requests from schools across the country, no
new project-supported schools were added during 1972-73. The emphasis
during the year was on consolidating and evaluating the existing program
and on studying the economics and technology of the CAI network. Par-
ticipating schools, including number of CAI terminals installed and
percentage of financial support provided by this project, are listed in
Table 2.



- Table 1

Participating Schools in 1971-72

School Términals " Support*

California School for the Deaf 15 100

at Berkeley
Florida State School for the Deaf ‘ 8 50

and the Blind
Kendall School for the Deaf : 12 100
Model Secondary School for the Deaf 8 . 0
Oklahoma School for the Deaf 10 50.
Palo Alto Unified School District 2 0

(February 10, 1972-June 10, 1972)

San Jose Unified School District

Bachrodt Elementary School 2 100
Hester Elementary School 2 100
Hoover Junior High School - 1 100
San Jose High School 1 100
Texas County-Wide Day Schools
Houston Independent County-Wide b . " 50
Day School )
Bexar County Day School for the Deaf v ) 50
(san- Antonio) 7
Dallas County Day School for the Deaf 3 50
Tarrant County Day School for the Deaf 2 50
" (Fort Worth) '
Beaumont Bi-County Wide Day School for 1 50
the Deaf ‘ :
Texas School for the Deaf 15 ' 100
Total 88

*Percentage of financial support of CAIL términals provided by OE funds
to IMSSS.




Table 2

Participating Schools in 1972-73

School Egrminals SuBRort*

California School for the Deaf C 16 100

at Berkeley
Florida State School fcr the Deaf 8 50

and the Blind
Kendall School for thé Deaf - - 100
Model Secondary School for the Deaf 5 0
Oklahoma School for the Deaf ' 10 50

San Jose Unified School District
Hester Elementary School : 3 100
San Jose High School - 3 : 100

Texas County-Wide Day Schools

Montrose School (Houston, Texas) i 50

Bexas County Day School for the Deaf 2 50
(San fntonio) ‘

John B. Hood Junior High School ' 1 50
(Dallas, Texas)

Skyline High School {Dallas, Texas) 2 50

Tarrant County Day School fqor the Deaf 2 ' 50
(Fort Worth)

Beaumont Bi-County Wide Day School for 1 g0
the Deaf

Texas School for the Deaf , 16 _ 100
Total 85

*Percentage of financial support of CAT terminals provided by OE funds
to IMSSS. \ :

A\




E. Summary of CAI Curriculums

A1l CAT curriculums developed by IMSSS were available to students
in the participating schools for the deaf. Some of these curriculums,
such as reading (grades K-3), French, and Russian, were inappropriate
because they require audio. However, most IMSSS curriculums, even though
not specifically designed for hearing-impaired students, were used suc-
cessfully by the participating schools. Table 3 and Table 4 list all
IMSSS curriculums used in this project with the numbers of hearing-impaired
students enrolled for them in 1971-72 and in 1972-73, respectively.
Brief descriptions of these curriculums follow. Those most relevant to
this project were mathematics strands, arithmetic word problem solving,
and language arts.

1. Elementary mathematics strands. The objectives of the curriculum
were (1) to provide supplementary individualized instruction in elementary
mathematics at a level of difficulty appropriate to each student's level
of achievement, (2) to allow acceleration irn any concept area in which a
student demonstrates proficiency and repeated drill in areas of deficiency,
and (3) to provide a daily profile report of each student's progress
through the curriculum.

A strand is a series of problems of the same operational type (e.g.,
number concepts, addition, subtraction, fractions) arranged seguen-
tially in eguivalence classes according to their relative difficulty.

The 14 strands in the program and the grade levels spanned by each strand
are presented in Table 5.

A stident in the strands program works on fewer than 14 strands;
the actual number depends on his grade level and performance. The strands
approach provides a high degree of individualization because each student's
lesson is prepared for him daily by the computer, the lessons are pre-
sented as mixed drills at a level of difficulty in each strand determined
by the student's prior performance, and the student moves up each strand
at his own pace,

Details of the curriculum were documented by Suppes (1971), Suppes,
Goldberg, Kanz, Searle, and Stauffer (1971), and by Suppes, Searle, and
Lorton {1973). '

2. Arithmetic word problem solving. This course gives students
experience in solving arithmetic word problems. The course emphasizes
methods of solution; the student constructs a well-formed aligebraic ex-
pression, and the computer carries out the -actual computation. The
essential learning experience in solving arithmetic word problems is
translating the English text into an algebraic expression. When such
problems are presented in textbooks the student is often bogged down in
computation and the correctness of his solution may be masked by careless
errors in arithmetic. Having the computer do the computations allows the
student to concentrate on the more fundamental aspect of exprEb51ng the
problem as a well-formed algebraic expression.




Table 3
Institute CAT Curriculums Used by Participating

Schools for the Deaf, 197.1-72

Curriculum Number of students
Elementary Mathematics (Strands) 2146
Arithmetic Word Problem Sqlving 107
Language Arts | _ 1071
Algebra - _ 83
Basic English 165
Computer Programmirz in AID 93
- Computer Programming in BASIC 124
Logic and Algebra _ 216

Total Students 2279




Table k4
Institute CAI Curriculums Used by Participating

Schools for the Deaf, 1972-73

. o

‘Curriculum ' Number of students
Elementary Mathematics (Strands) : 1793
Arithmetic Word Problem Solving 520
Language Arts 1058
Basic English 6l
Computer Programming in AID 3k
Logic and Algebra 77

Total Students 2113




Table 5

Grade Level Spanned by Each Strand in the

Elementary Mathematics Program

Content

Grade level

Number Concepts
Horizontal Addition
Horizontal Subtraction
Vertical Addition
Vertical Subtraction
Equations

Measurement

Horizontal Multiplication
Laws of Arithmetic
Vertical Multiplication
Division '
Fractions

Decimals

Negative Numbers

1
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The student learns a few simple ccmmands and uses the, in a respon-
sive dialogue with the instructional program to specify whic.. computations
are to be carried out. The student is free to experiment with the com-
puter calculator made available to him, and he may choose any combination
of steps to produce an answer. The program permits this freedom by
storing a solution string for each problem and calculating the correct
answer from the variables generated for the problem presentation by
applying them to. the solution string. The student's answer is evaluated
only when he. instructs the computer to do so. The text of the word
problems is stored by the computer, and the numbers used in each problem
are randomly generated for each presentation. Although all students see
the same problem statement, each student receives a unique set of numbers
from which he must construct an answer. Thus, dimensions of vproblem dif-
ficulty can be 1nvest1gated independently of the numbers used in computing
solutions.

. The curriculum was described in more detail by Fletcher, Jamison,
Searle, and Smith (1973), and by Searle, Lorton, and Suppes (1973).

3. Language arts. The language difficulties of hearing-impaired
students were carefully considered in developing the Language Arts cur-
riculum. The curriculum was designed to stress the structure of English,
with particular emphasis on -the roles of syntax and inflection and on
the meaning of function words. An inductive rather than a dednctive
strategy is used. The course does not explicitly state 'rules' of
English usage; it presents items illustrating aspects of standard Eng-
lish usage singly and in combination. Incidental learning of basic
sentence patterns is enhanced vy presenting curriculum items in complete
sentences. Fewer than one-tenth of the exercises present the student
with single words or isolated phrases. Incidental learning is also en-
hanced by requiring many constiucted rather than multiple-choice responses.

There are four general course objectives. Students are to:

(1) Recognize specified grammatical categories;

(2) Recognize and supply various forms of given grammatical
structures;

(3) Select approprlate grammatical units to complete a spec1f1ed
structure; and

(h)' Perform specified transformations on grammatical structures.

The curriculum is divided into 218 lessons of 20-30 exercises.
Separate topics are presented in separate lessons and often there is a
sequence of lessons on a single topic. The lessons are ordered to pro-
vide a cumulative basis of concepts building upon one another. Several-
lessons are intended to review topics presented in preceding lessons.

The course was described in more detail by Fletcher and Beard (1973),

by Fletcher, Jamison, Searle, and Smith (1973), and by Fletcher and
Stauffer (1973)

10
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Aruitoxt provided by Eic:

4. Algebra. Algebra is a s2lf-contained tutorial course. for secon-
dary school students. It teaches the basic properties of arithmetic
operations, simplifying and solving equations. and the properties of
inequalities. Xach lesson contains instruction, printed homewcrk, cor-
rections of homeworx problems on the computer ard a quiz.

5. Basic English. This course provides secondary school students
with practice in problem areas of standard English vsage. The objective
of the course is to diagnose and correct the twelve most common usage
errors: run-cn sentences, sentence fragments, incorrect principal parts
of the verb, confusion of adjectives and adverbs, lack of agreement
between subject and verb, lack of agreement between proncun and antecedent,
incorrect case of pronouns, vagile or indefinite pronomial reference,
dangling elements, misplaced modifiers, errors in comparative forms of
adjectives and adverbs, and double negatives. Fuarther docwrentation was
provided by Suppe:s, Goldberg, Kanz, Searle, and Stauffer (1971},

6. Computer Programming in ATD. This is a sslf- “ontalned tutorial
program that teaches the use of Algebralc Jntarprct1ve Dialogue _A?'.D)P
a high-level algebraic language. The course was designed for Junior
college students and requires at least one year of algebra background.
The course consists of 50 lessons, about one hour in length, plus sum-
maries, reviews, tests, and extra-credit problems. Further documentation
was prov1ded by Friend (1973), Friend and Atkinson {1971), and by Suppes,
Goldberg, Kanz, Searle, and Stauffer {(1971).

T. Computer Programming in BASIC. This is a self-contained course
for secondary students. 1+t provides an introduction to programming for
students without a knowledgé of algebhra. The course consists of 50
lessons, about one houar in length; plus summaries, revisws, and self
tests. TFurthexr documentation was provided by Suppes, Goldberg, Kanz,
Searle, -and Ste.ffer (1971).

8. Logic nnd Algebrz. This ccurss is designed for secondavy school
students, The -irst year intrcduces riumerical 38

formation of alzcbralc terms and. sentences, and.truth ~.uumtlm: of

simple sentences. The second year of the course is concernsd with the
foundations of algebra. From a small set of axioms and rales of inference
the properties of the Tield of rational numbers are developed. Further
documentaticn was provided by Goldberg {1971), Goldberg and Suppes (1972),
Suppes (1971), and by Suppes, Goldverg, Kanz, Searle, and Stauffer (1971}.

9. Games. Additionally, there ars several gam\a' currently being
used by all the participsting schools for the deaf. Although they are
called games and are entertaining to use, they have redeeming pedagogical
value.

Bagels. ‘'his game is properly cailed Pizo-Fermi-Bagels. The pro-

gram creates a 3-digit number at random, and the student-player is to
guess it. TIf one of the digits he guesses is correct but in the wrong

11



position, he is told PICO. If one of the digits is correct and in the
correct place, he is told FERMI. If none of the digits is correct, he
is told BAGELS. He has 20 chances to guess the number.

Hangman. Hangman is the familiar game that most American children
play in elementary schoocl. In the IMSSS version, a definition or hint
- for a word is given, and the student-player is given six chances to guess
the word by giving the letters that belong in it. The figure being hanged
is 'drawn' by the teletypewriter. Three vocabulary lists are available
for the game. Before beginning, the student-player must select the easy,
medium, or hard list. Hangman is also available in a Spanish version.

Poster. Poster creates a poster by taking in any number of lines of
text and enlarging the characters in each line to fill up the (8-inch)
width of the teletypewriter paper.

Spell. In Spell, a word is typed and the student-player must indi-
cate if it is spelled correctly or incorrectly. If the word is incorrect,
the student-player must supply the correct spslling.

Spanish. In Spanish, a word is given in Spanish or English, and the

student-player must translate it to English or Spanish, respectively. All-
instructions and hints are given in Spanish.

12



TI. METHODS

A, Experiment I: Mathematics Strands

The purpose of the experiment was to measure the effect of varying
numbers of math strands sessions on arithmetic computation grade place-
ment (GP) measured by the strands curriculum and by an on-line, computer
administered version of the Stanford Achievement Test (SAT). Arithmetic
Computation subscale. This on-line version of the SAT was called the
Modified SAT or MSAT. Construction and administration of the MSAT was
detailed by Suppes, Fletcher, Zanotti, Lorton, and Searle (1973). Each
student was allowed to take only a specified number of math sessions at
the terminal. All other sign-ons were spent working language arts lessons.

Three hundred eighty-five students from among those who were taking
both CAT math strands and CAT language arts, whose average GP on strands
was between 2.4 and 5.9, and who had taken at least 15 math strands ses-
sions, began the experiment. The students selected were assigned at
random to five experimental groups that differed in the maximum number of
math strands sessions they permitted during the experimental period of
approximately 70 school days. Treatment groups 1, 2, 3, L, 5 were
assigned 10, 30, 70, 100, and 130 sessions, respectively.

Session .limits were imposed on a calendar basis so that students
with low numbers of sessions received them distributed throughout the
experimental period. A participating student had no control over the
type of lesson, math strands or language arts, he received. Whether ne
signed on for math strands or language arts a student was given a math
strands lesson if he was eligible for cne. Otherwise, he received a
language arts lesson.

The number of math sessions a studert received was monitored daily.
The assistance of teachers and proctors was sought to help students
achieve the number of math sessions they were assigned. Teacherz were
urged not to give compensatory off-line work to students assigned to low
numbers of on-line sessions, and, in general, not to alter the classroom
work of any student because of his participation in the experiment.

The MSAT was administered in January at the beginning of the experi-
mental period and again 'in May immediately after the experiment ended.

One-way, fixed-effects analysls of variance was used to test for
overall effect of the treatment groups. Additionally, it was important
to investigate the relationship of posttreatment scores to pretreatment
scores and the number of math strands sessions giveno Five models of
this relationship were tested. In all five models, T,. denotes the
pretreatment score of student i, T,, denotes the post%reatment score of
student i, and N denotes number o% math strands sessions taken by student
i. :

13



Model I, Linear

Ir this model, the effect of pretreatment score and number of ses-
sions on posttreatment performance was assumed to be linear.

Model II, Linear with interaction.

E(T12) = a_  + a Ti

0 1 + a Ni + a

1 2 3TilNi ’

In Model II, a linear effect of pretreatment score and number of
sessions was assumed, but a linear effect from the intéraction of pre-
treatment score and sessions was also postulated.

Model ITI, Cobb-Douglas.

E(4n TiE) =a +a inT,.. +a

ot & i1 73 0 N, .

Model III was based on a formulation of the Cobb-Doublas type (from
econometrics), namely, '

This model was multiplicative and assumed 'weighted interaction' in that

al and a, indicate the relative importance of pretreatment score and

number of sessions, respectively, in accounting for change in posttreatment
scores.

Model IV, Log guadratic.

E(T]_Q) = a_ -+ a Tl

2 3
o ] + a, In N, o+ a3(£n Ni) + ah(ﬂn Ni) .

1

In Model IV, the effect of the pretreatment score was -assumed to be
linear. The effect of number of sessions was assumed to be logarithmic,
rather than linear. In order to explore this logarithmic assumption
fully, second- and third-order terms in 4n Ni were included.

Model V, Exponential.

E(4n TiQ) =a_ + a NiTi

0 1 1°

1



Model V was based on an exponential formulation, namely,

T - a ealNiTil
i2 = %

«

In this model, the effect of number of sessions and pretreatment score

may be strictly increasing or strictly decreasing, depending on the sign

of aq- Pretreatment score and number of sessions were assumed to interact.
Additional details are provided in Suppes, Fletcher, Zanotti, Lbrtoh,

and Searle (1973).

B. Expeviment II: Mathematics Strands

The purpcse of this experiment was to demonstrate the utility of
predictive-control integrated within CAI. In the experiment, a perfor-
mance goal, defined in terms of GP, for progress over a predetermined
time period was set for each student. At regular intervals during the
experiment each student's performance history was examined to determine
if he needed reassignment to more or fewer daily CAI sessions in order
to reach his gocal. At the end of the experiment, GP achieved by each
student was compared with his goal.

More specifically, GP goals in elementary-school mathematics were
set for students taking the mathematics strands CAI curriculum. These
students were then assigned to one, two, or three daily sessions for
each of six two-week periods. At the end of each period, each student's
progress toward his goal was evaluated and reassignment of daily sessions
was made when necessary.

Two measures of elementary-school mathematics GP were used: average
GP achieved in the mathematics strands curriculum and GP achieved on the
MSAT. Strands average GP was monitored daily, and the MSAT was given as
a pre~ and posttreatment measure.

Subjects for this experiment were chosen from the entire population
of students who were enrclled in one of three residential schcols for
the deaf in California, Texas, and Florida and who were receiving daily
CATL sessions in elementary mathematics from IMSSS in 1971-72. Three
hundred fifty-five students from this population whose average GP was

~between 2,0 and 5.9, who had received more than 20 mathematics strands

sessions, and who were not assigned to any other strands evaluation
experiment participated as subjects.

Two performance goals were set for each subject. One goal was
texternally! derived, and one goal was 'internally' derived. Because
the experiment periocd of 12 weeks was about one-third of a school year,
the external goal for each student was defined as a gain of .33 in GP.
The predictive-contrcl aspects of the experiment did not apply to the
external GP goal.
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It should be noted that a GP gain.of .33 over 12 weeks of school is
an overly-cptimistic progection for students from this population. Gentile
and Di Francesca (1969) surveyed the academic test performance of hearing-
impaired students. -From their data it is clear that in this population
an improvement in GP of .33 measured by the SAT Arithmetic Compuiation
subtest 1s far more typlcal of an entire school year than of a 1l2-weegk
period.

The internal GP goal was more individualized than the external GP
goal in that it was uniguely determined from each student's performance
history, and the predictive-control aspects of this experiment were
applied to these gozls. In setting the internal perrformance goals,
average GP change per session was determined for each student by exam-
ining his 20th-40th strands sessions. Average GP change per session for
any student who had not received 40 strands sessions was determined by
examining his 20th to his latest CAI session. The internal GP goal for
each student was then determined by extrapolation from these initial
observations and from a linear model of his progress. Number of sessions
taken and the internal GP goals were then used to integrate predictive-
control techniques within the mathematics strands curriculum. Details
of the method are given in Suppes, Fletcher, and Zanotti (1973).

C.. Experiment III: GP Measures

Comparisons of the achievement measures used in this study with each
other and with standardized tests are of natural interest. Generally,
when an educator speaks of grade placement he has a standardized test in
mind. Because neither the MSAT nor GP measured by the strands curriculum
is a common measure, it was decided to estimate the concurrent validity
of the MSAT GP and strands average GP by comparing them with each other
and with paper and pencil administrations of the SAT.

Sixty subjects were drawn at random from among all subjects par-
ticipating in Experiment I. Selection of the subjects was stratified
so that four were chosen for each of the 15 MSAT form (Primary II,
Intermediate I, Intermediate II) by treatment group (10, 40, 70, 100,
130 sessions) .cells. Two of the four subjects were chosen at random
and assigned to Group I; the. remaining two were assigned to Grecup II.
There were then 30 subjects (two from each form by treatment cell times
15 cells) assigned to Group I and 30 assigned to Group IX. Group I re-
ceived paper and pencil administration of the SAT Arithmetic Computation
- Subtest (SAT-COMP), Form W, before receiving the pretreatment MSAT, and
. Group II received the SAT- COMP after receiving the pretreatment MSAT.
The roles of Group I and Group II were reversed for the posttreatment
measure. Group II received the SAT-COMP before the posttreatment MSAT,
and Group I received the SAT-COMP after the posttreatment MSAT. Pre-
and posttreatment strands GP scores were also recorded for all the
subjects. Additional details are given in Suppes, Fletcher, Zanotti,
Lorton, and Searle (1973).



D. Arithmetic Skills of Deaf and Hearing Students

Comparisons of deaf and hearing students' performance were of
natural interest in this project and these comparisons were made using
‘performance data from the mathematics strands curriculum. This work
was not undertaken in the context of an evaluation experiment, instead
it drew on the extensive data base composed of information automatically
recorded by the strands program during student sessions.

Most results from evaluation experiments reported here and else-
where are analyzed using linear regression models. These models are
adequate for many applications, but, however accurately they predict
response probabilities, they do not postulate specific algorithmic pro-
cesses that students use in solving problems.- Finite automaton models
are natural theoretical tools for describing algorithmic processes, but
they have no place for a probabilistic theory of error, and a natural
step is to use probabilistic automata in place of finite deterministic
automata. However, automaton models do not reflect obvious commonalities
that exist among the algorithmic tasks of arithmetic that students are
asked to solve. For this reason, Suppes and Flannery (1973) used reg-
ister machine models to compare the performances of deaf and hearlng
students in the mathematics strands curriculum.

The basic data for this work were the mean percentages correct for
each equivalence class in the strands curriculum. It should be noted
that before a student can reach a given equivalence class in a given
strand he must master the previous equivalence class leading up to 't
independent of such external factors as grade in school, chronological
age, hearing loss, and minority group status. In a genuine sense, the
strands performance data provide a very broad basis for comparing dif-
ferent groups of students with common preparation and prior performance.
These comparisons were discussed in detail by Suppes and Flannery (1973)o

E. Problem Solving Experiment

The purpose of the work with arithmetic word problems was to achieve
optimization of learning rates in the context of individual differences.
There were three distinguishable aspects to this effort: identification
of appropriate dimensions of word problem difficulty, identification of
optimal error rates, and development of a model of problem difficulty
for individual students.

_ Considering group data only and letting p be the observed Propor-
tion of correct responses on problem i for a populatlon of students, a
simple linear model of the form,

% ,
= a, X,.+ a_, ,
£ ST %
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can predict proportions of correct responses to new problems from the
aj weightings already estimated for the entire student population and

assigned to the k dimensions of problem difficulty. These models were
used in the following steps: .

Step 1. A pilot study was conducted using a set of 65 problems.,
These were presented to students at a terminal, using response formats
somewhat different from those of the problem solving course, but with
the same constraints; that is, the computer carried out the «alculations,

Step 2. The results of this study were examined and a set of vari-
ables thought to relate to problem difficulty were defined. A stepwise
multiple Tregression analysis was used to determine the contribution of
each of these variables to the multiple regression coefficient. Five
variables were found to account for 60 percent of the variability, and
the contribution of each remaining variable was less than 1 percent.
These variables were, in the order in which they entered the regression:
OPERS the minimum number of arithmetic operations required for solution;
CONVR, whether the solution required conversion of units with the unit
of conversion absent from the problem statement; LENGT, number of words
in the problem statement; DIV, whether the solution required a division;
and VCLUE, whether the problem contained a verbal clue for an operation.

Step 3. A set of Problems was written and edited, and coded u ging
the five variables identified in the pllot study.

Step 4. A multiple regression analysis was carried out on the
pilot study data, using only these five variables. The regression coef-
ficients obtalned were used to predict the probability correct for the
700 problems written for the main curriculum, and the problems were
ordered according to predicted probability correct. The predicted proba-
bility correct renged from .95 to .07.

The 1971-72 performance data were used to repeat the entire process
of identifying variables that contribute to the multiple regression ccef-
ficient, predicting probabilities of correct answers, and arranging the
problems xn order of increasing difficulty. This analysis was performed
f~r dcaf and hearing students separately in order to coumpare the separate
orderings of problems and weightings ¢f the dimensions of difficulty.

Assuming that the problems are appropriately ordered in difficulty
for any student, we can position him in the curriculum so that the pro-
portion of correct responses he maekes remains fairly stable and so that
his progress in the curriculum is optimal. The following constant error
rate model from Suppes (1967) stabilizes the proportion of correct re-
sponses about the value assigned to r, which is assumed to be the optimal
rate of correct responding for a student.
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L Xy +¢ if p

s( ) s
X if ps(c) >r,, 1<x +¢
*nel T X if ps(c) <r,, x,<¢
(c)

x -€¢ 1if p .f r ., e <X

where x_ is the position of student s in the curriculum,

€ is a small, positive constant used to define the step
size of student s' walk through the curriculum,

P (c) is the piroportion of correct answers achieved by student
s over some previously used portion of the curriculum,

r is the optimum rate of correct answers for student s.

._Although discussed earlier by Suppes (1967) many will recognize
aspects of 'tailored testing' as discussed by Lord (197la, 1971b) in
this procedure. Lord, however, uses Birnbaum's 3-parameter logistic
model of item difficulty which is strictly empirically derived and,
therefore, cannot be applied to predicting difficulty of new procblems
that have not been attempted by a large number of students.

The comparison of dimensiocns that contribute significantly to models
of problem difficulty for deaf and hearing s7adents as well as the com-
parison of weightings given these dim:nsions is of natural interest.

Also of interest are the weightings given these dimensions in models of
problem difficulty derived for individual students.

It should be noted that because we have to find one set of aj to

apply across all problems for each individual, we can determine the
" relative importance of the k aj variables for each individual from the

magnitude of these values. These values may not vary in any significant
manner from those developed for the population. In this case the calcu~
lation of parameters for models of problem difficulty for individuals

is a waste of time. This question can be investigated by testing the
null hypothesis that a linear relation holds betwean the set of aj

calculated for any individual student and the aj calculated for the

entire population of students. Specifically, we can test the null hy-
pothesis that there exists an o% # 0 and BS such that the k-tuple of

Darameters calculated for the model of problem difficulty over the entire
population
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(ao, 81000, ak) = as(aOs’ 81 s woes aks) + By -
Changes of the 355 over time (or learning) and different values of r
will alsc be of interest.

The work with arithmetic word problems is documented in Searle,
Lorton, and Suppes (1973).

F. Language Arts Experiment

The purpose of the experiment was to measure the effect of varying
numbers of language arts sessions on postiest scores. Each student was
allowed to take only a specified number of language arts sessions. All
other sign-ons were spent working math strands sessions. The experiment
was analogous tc the math strands Experiment I described by Suppes,
Fletcher, Zanotti, Lorton, and Searle (1973).

Two hundred thirty students from among those who were taking both
CAI math strands and CAI language arts in 1972-73 were selected for the
experiment, and were assigned at random to on: of five experimental
groups that differed in the maximum number of 1lO-minute language arts
sessions they permitted. 3tudents assigned to Groups 1, 2, 3, 4, and 5
were permitted 20, 45, 70, 95, and 120 sessions, respectively. The
cubjects were selected from students in the California School for the
Deaf, Berkeley, California, the Oklahoma School for the Deaf, Sulphur,
Oklahoma, and the Texas School for the Deaf, Austin, Texas. Random
assignment of these subjects to the five treatment groups was stratified
so that roughly the same number of students from each school could be
assigned to each of the treatment groups. When the experiment began,
45 students were assigned to Group 1, 46 were assigned to Group 2, 46
were assigned to Group 3, 47 were assigned to Group k4, and 46 were
assigned to Group 5. One-way, fixed effects analysis of variance and
five models of student progress were used to investigate student per-
formance at the end of the 80 school-day experiment period. The five
models of student progress investigated were the same as those used in
mathematics strands Experiment I.

The assistance of teachers and proctors was sought to help students
achieve the number of language arts sessions they were assigned. Teachers
were urged not to give compensatory off-line work to those students as-
signed to low numbers of on-line sessions, and, in general, nct to alter
the classroom work of any student because of hlb participation in the
experiment.

The language arts experiment was documented by Fletcher and Beard

(1973).
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G. Language Arts ltem Analysis

The intent of this analysis was to discover useful dimensions of
difficulty that affected performance on language arts items taken by
deaf students. Three different item classifications were used. Items
were classified by subdivisions of the four courss objectives listed
earlier, by the requirsd exercise task, and by the format cof the correct
answer,

There were four dimensions of classification by exexrcise task.

(a) Instructions given or no instructions given. This dimension
distinguishes exercises that oztur early in lessons for which
the instructions aie printed or repeated, from exsrcises that
occur later in lessons when it was assumed the stuient nhad
them well in ming. '

(b) Instance (number) or instance (text) or concept. This dimen-
sion distinguishes exercises in which the student must answer
with an instance of a concept from exercises in which the
student must answer with a3 concept bas2d cn a given instance.
When conecepis are answers they are always abbreviated. Some
instances were numbered so the student could reply only with
the number(s) associated with the text of the instance--
instance (number)--rather than with the actual text of the
instances--instance (text).

(e) Recognition or constructiocn (explicit basis) or constructien
(implicit basis). This dimension disztinguishes exercises in
wnich the answer is printed in the exercise dispiay--recognition--
from exercises in which the answer does not appear in the dis-
play--construction, The construction (explicit basis) and
constructicn (implicit basis) dimensicns distinguish between
degrses of explicitness in the exercise directions. In con-
struction (explieit basis) a form, but not the correct form,
of the correct answer text is given; in construction (implicit
basis) no form of the ccrrect answer is given explicitly.

(d) Usage or definition. This dimension distinguishes exercises
in which the answer is to be derived on the basis of an im-
plicit rule. of usage taught inductively in the curriculum from
exercises in which the answer is to be derived from the defin-

ition of a grammatical category.

Given 2 times 3 times 3 times 2 possibilities, there would be 36
categories under this.task classification scheme if it were not for the
follc ‘ng combinations that do not occur:

there are no concept-construction tasks;
there are no concept-usage tasks;
and there are rno instance (number)-construction tasks.

E l{lC 21

Aruitoxt provided by Eic:



Eighteen categories are left plus one category labeled "Giveaway."

There were two dimensions of classification based on format of
correct answers. :

(a) Word or letter or number or abbreviation. There is some

- 'nesting’ iunder this dimension: word is subclassified as 1,

2, 3, or 4 word strings; letter is classified as 1, 2, or 3
letter strings; and number is classified as 1, 2, 3, 4, or

5 number strings. Abbreviations present a problem in that
they could reasonably be classified as single letters, mul-
tiple letters, or single words. It was decided that they
would confuse the single letter, multiple letter, or single
word results, and they were treated separately in the exercise
task data analyses.

(b) Sequence or no sequence. In some instances, the sequence of a
multiple word, multiple letter, or multiple number response is
important; in some instances sequence is not important. This
dimension distinguishes between these instances.

Classified in this way there were 17 correct answer formats that occurred
in the language arts curriculium.

A more detailed description of the language arts item analysis is
documented in Fletcher and Beard (1973).

H. Test Development ‘

Two tests were developed specifically for this project: the computer-
administered MSAT, and a language arts test (LAT). Construction and
validation of the MSAT are discussed in Suppes, Fletcher, Zanotti, Lorton,
and Searle (1973), and construction and validation of the LAT are dis-
cussed in Fletcher and Beard (1973). These practical developments
evolved naturally into some theoretical work on test development.

Jensema (l973a) studied a simple method for estimating parameters

for the Birnbaum 3-parameter logistic mental-test model. The accuracy
. of the method was investigated using Monte-Carlo data, and data from

six vocabulary tests were then used to demonstrate the usefulness of

the method in prescreening items. Jensema (1973b) also used Monte-Carlo
data and four different item banks to study termination of Bayesian
tailored testing by two different methods: according to the number of
items adwinistered and according to the magnitude of the standard error
of estimate. The estimate of ability obtained through tailoring was
compared with the known ability of each Monte-Carlo 'examinee' as each
standard error of estimate level was reached and as each item was admin-
istered.
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I. ZEccnomics and Technology of the Network

The primary effort under this project was to develop -and evaluate
CAT curriculums used by deaf students. However, development and evalu-
ation are insufficient in themselves to have a practical payoff for
substantial numbers of students. For this reason, we investigated the
operational implementation of CAT. A central aspect of this implementa-
tion concerned the basic economics of CAI--its cost, performence, and
degree of substitutability for other inputs intc education of the deaf.

The basic cost assumption was that for $300 per month a teletype-
writer terminal can be maintained in a typical school. This cost includes
amortization of capital costs, use of the central computer system, com-
munications, proctoring, and supplies. It does not include expenditures
for classroon space, A further assumption was that for 20 days per mecnth
an average of 25 student sessions per day are given at each student ter-
minal. Thus, 500 sessions per terminal per month were assumed to cost
$300, or $.60 per session., The number of sessions per terminal per day
obtained by different sc. wols varies widely, and with effective scheduling
it is feasible to obtain many more than 25 sessions per terminal per day.
Many schools for the deaf obtained utilization rates in the range of 35~
40 sessions per terminal per day, suggesting the possibility of substan-
tially lower costs per session than $.60. Also, a 6-hour school day
- was assumed; the residential schools for the deaf used their terminals
8-10 hours per day, further increasing the number of sessions per terminal
per day and further decreasing the cost per session.

The decision of whether to provide CAI and how much CAT to provide
depends not only on cost per session but on two other critical factors.
First is the performance of CAI in raising student achievement. Second
is the issue of what must be given up in order to have CAL. Given that
budgets are inevitably constrained;mgﬁgmhore CAT an administrator pro-
vides his students, the less he can provide of something else. A
requirement of good administration is to make these trade-orfs explicitly,
both in terms of their cost and of their performance.

The study of the economics and technology of the CAT network main-
t \ined for the schools that participated in this project was described
in more detail .y Fletcher, Jamlson, Searle, and Smith (1973), and by
Ball and Jamison (1972). '

J. Grammatical and Semantic Analysis of English Used by the Deaf

There were three aspects of this work: collection and analysis of
a corpus of writing samples; study of the manual alphabet; study of pre-
lingually deaf adolescents as non-native users of English.

An important step in examining the language of hearing-impaired
students was the collection and analysis of a corpus of writing samples.
An intensive analysis of a small sample of the written langusge of deaf
students obtained from Xendall School for the Deaf in Washington, D.C.
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and the California School for the Deaf in Berkeley, California, was
undertaken. This corpus was edited and divided into 1,311 sentences.
Informally, these sentences were analogous to the complete thoughts of
classical grammar. Nearly all of the sentences in the writing samples

were terminated by conventional punctuation so the original corpus was

modified very little. This corpus was analyzed with respect to sentence
length, vocabulary, and the grammar of its noun phrases. This work was
detailed by Fletcher, Jamison, Searle, and Smith (1973).

Perceptual confusions in learning and perceiving letters of the
manual alphabzst were studied in depth. Letters of the manual alphabet
were displayed as characters on a computer-graphics terminal, and per-
ceptual confusions among these characters were investigated by close
examination of the response profiles recorded for subjects learning to
'read! the manual elphabet and by multidimensional scaling techniques
applied to perceptual confusions that arose when the letters of the
manual alphabet were rapidly displayed. It should be noted that the
precise control over display of these characters and the comprehensive
and accurate recording of subject response data permitted by computer-
graphics presentations established a unique experimental situation for
studying perception of the manuval alphabet. This work is documented by

Weyer (1973).

One explanation for the difficulties that deaf students experience
with standard English is that they learn English as a second l&nguage
and that American Sign Language is their native language. This explah~_
ation has occurred recently in the literature of deaf educaticn as a

"speculation, but systematic, empirical studies of this explanation were

lacking. Pursuant to thisregard the Test of English as a Foreign Lan-
guage (TOEFL) published by Educational Testing Service (1970) was
administered to 13 prelingually deaf children of hearing parents (HP)

and to 13 prelingually deaf children ot deaf parents (DP). Mean age in
the HP group was 219 months and medn age in the DP group was 206 months.
The TOEFL scores of the HP and DP subjects wers compared with each other
and with the scores of the foreign student populatior used to siandardize
the TOEFL. Scores achieved by the HP and DP subjects on the Paragraph’
Meaning and Language subtests of the SAT were also compared. This work
was described by Charrow and Fletcher (1973). -

K. Survezs

Three extensive surveys of the cognitive literature on deafness
were completed as an essential adjunct to the project. Suppes (1972b)
surveyed the cognition of blind, deaf, and educable mentally retarded
children in three areas: language and language development; concept
formation and abstraction; and elementary mathematical skills. Bonvillian
and Charrow (1972) reviewed the psycholinguistic implications of deafness
with particular emphasis on language acquisition and the use of sign
language by the deaf. The Bonvillian and Charrow review was considerably
expanded by Bonvillian, Charrow, and Nelson (1973) to include careful
review of educational achievements of the deaf and available educational
programs for the deaf with particular emphasis on the relative effective-
ness of oral and manual communication technigues.
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III. RESULTS

A. Experiment I: Mathematics Strands

Suppes, Fletcher, Zanotti. Lorton, and Seerle {1973) repcrted that
complete data were obtained for 60 students in group 1, 62 students in
group 2, 60 students in group '3, 60 students in group 4, and 70 students
in group 5. The number of sessions taken fell short of the number as-

_ signed in groups 3, 4, and 5, primarily because of difficulties in

scheduling extra CAI sessions in the schools. . However, the groups re-
mained sufficiently distinct to warrant proceeding with analysis of

variance which used posttreatment MSAT scores and average GP of the
mathematics strands as dependent measures. In order to make ccmparisons
across all three MSAT battery scores, SAT scalss were used to convert

MSAT raw scores to GP scores. Analyses of variance were performed on
pretreatment measures as well as postitreatment measures to check for any
bias in the assignment of students to ireatment groups. The F ratio of
9.088 for the strands posttreatment GP was significant (F 99(h5307) = 3.48),

and the average GP improvement for the 1O~-sessions group 1 was -only .15
compared with .96 for group 5. The F ratio of 1.L04 for the MSAT scores
was nonsignificant (F _-{4,307) = 2.45), but the average GP improvement

-9

for the 1l0-sessions group 1 was 4z compared with .76 for group 5.

Parameters for the five models were generated twice, once using
mathematics strands average GP as pretreatment and posttreatment achieve-
ment measures and once using MSAT GP scores. The linear model with
interaction accounted for more of the variance in the dependent variable
(posttreatment average GP) than did any of the cther models, but despite
the inclusion of a term for the interaction of number of sessions with
pretreatment GP, it represented only a slight improvement over the simple
linear model. Assuming Ni = 120 or slightly less than one session per
day for a school year and taking &, = .0123 f~om +the linear model, we
can project T,, - T, = 1.48. That is to say, if a student from this
population takes about one strands session per day for an entire schocol
year, we can expect his strands average GP %o ircrease by about a year
and a half. Data presented later show that strands average GP under-
estimated both GP measured by paper and pencil administrations of the
SAT and GP measured by the MSAT. This improvement of 1.48 can be com-
pared with an expected GP increase over a school year of .3 to .4 in the
SAT computation subtest fur hearing~impaired students receiving crdinary
instruction (Gentile & DiFrancesca, 1969).

Among the models and parameters using MSAT GP as pretreatment and
posttreatment measures, the multiplicative model from econometrics that
assumed weighted interaction of number of sessions with pretreatment
GP accounted for more of the variance in the postirestment measure than
did any other model, but, as with strands average GP, it represented
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only a slight improvement over Model I, the simple linear model. Again,
assuming Ni = 120 and taking a, = .0084 from the linear mcdel, we can

project Ti2 - ’I‘il = l.Ol; That is to say, if & student from this popu-

lation takes about one strands session per day for a school year of 120
net days, we can expect his MSAT GF to increase by about one year.
Roughly, we can expect.an increase of .1 in.MSAT GP for every 12 seessions
taken. '

Suppes et al. concluded that the mathematics strands CAT curriculum
can lead to substantial increases in mathematics computation GP when used
by hearing-impaired students. The increases are sufficient to bring the
students to GP gains expected of normal-hearing students. Moreover,
these gains can be achieved by students working intensely for only a few
minutes a day in a supplementary drill-and-~practice program. The time
spent at a computer terminal by each student ranged from 6 to 10 minutes
for each session. :

In addition, Suppes et al. concluded that a simple linear model of
student achievement gives a good account of the posttreatment distribution
of GP measured either by the MSAT or by the strands GP. The investiga-
tion of other models, .including models with interaction terms, did not
lead to any substantial improvement in accounting for posttreatment GP
variance. The results of the analysis, including the application of the
linear model, indicate that greater numbers of CAI sessions are beneficial
for all students, across all levels of pretreatment achievement.

B. Experiment II: Mathematics Strands

Suppes, Fletcher, and Zanotti (1973) reported that complete data
were obtained for 297 subjects. The subjects took far fewer mathematics
strands CAI sessions than expected. In designing the experiment, it
was assumed that each subject could take as many as 150 sessions in the
12-week experiment period and that each subject would take a minimum of
50 sessions. As it turned out, 159 subjects (54%) took less than 50
sessions. Despite these low numbers of accumulated sessions, 274 subjects
(92%) exceeded their external goals measured by strands average GP and
191 subjects (64%) exceeded their external gozls measured by the MSAT GP.

The biweekly predictions in the experiment were made in terms of a
linear model because the extensive analysis required to.fit a more
sophisticated model had not taken place. Suppes, Fletcher, and Zanotti
reported that models of the following form predicted siudent progress
in the experiment with a high degree of precision:

GP, = a, +b, S, c<1,
1 i i 1

where GPi is the grade placement of student i,
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Si is the number of sessions taken by student i,

a, and b, are unique parameters of the model calculated for
* student i.

The two instances from these models used were:

7
GP, = a, + b.8y3 (1)
1 1 1 1
GP, = a; + b, Zn(Si) (2)

The precision of these models indicated the great promise of predictive-
control integrated within CAI curriculums. The standard errors of esti-
nate for 90% of the subjects ranged from .013 to .2114 for (1) and from
.016 to .131 for (2).

Suppes, et .al. emphasized the two aspects of individualization
achieved by their approach. Even though the amount of CAIL time given
to an individual student may be highly individualized, the goal orig-
inally set for him can be totally unreasonable if it, too, is not

tailored to.a medel of his progress. Using the approach developed in

this experiment precise individualization of instruction can be achieved
both in the amount of instruction required and in the goal set for each
student.

C. Experiment IIT: GP Measures

Complete data were obtained for L4 students. The loss of 16 subjects
was solely due. to such random factors as student illness, change of schools,
and administrative errors. Suppes, Fletcher, Zanotti, Lorton, and Searle
(1973) noted that the SAT ronsistently gave the highest estimate of GP
for this group of students, the MSAT consistently gave the second highest
GP estimate, and the strands GP consistently gave the lowest GP estimate.
Bvidently, both the MSAT and the strands average GP measures underesti-
mated GP measured by paper and pencil administration of the SAT. A matrix
of simple correlations for the GP scores obtained by the 44 students on
posttreatment SAT, MSAT, and mathematics strands is given in Table 6.
These correlations are fairly large, but they are not sufficiently large
to identify SAT GP, MSAT GP, and strands GP as parallel measures as de-

fined by Lord and Novick (1968).

D. Arithmetic Skills of Deaf and Hearing Students

Two major conclusions were reported by Suppes and Flannetry (1973).
The first was that objective features of the curriculum, for example,
whether a vertical addition problem has & carry or not, dominated the
ease or difficulty of exercises in much the same way for both deaf and
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Table 6
Matrix of Simple Correlation Coefficients for GP Scores
Obtained by Lk Subjects on Posttreatment SAT,

MSAT, and Mathematics Strands Measures

———————— ——

SAT post- MSAT post- Strands post-
treatment treatment treatment
3AT post- I
tresiment +.000 . 821 4 +19
MSAT post-
treatment 1.000 | .807
St ds t-
rands pos 1.000

treatment
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normal-hearing children. This finding leéads to the second conelusion,
which was more surprising than the first: the performance of the deaf
childven was almest always slightly better than that of the normal-
hearing children. More exactly, of the 7{1 equivalence classes, summing
across all gradss end strands for which there were Jate, the mean per-
centage correct of the deaf students was higrer thar that of the normal-
hearing students for 673 eguivalence classes, and it was the same to two
decimals for 22 equivalence classes. These massive data support the
thesis that the cognitive performance of deaf children is as good as
that of normal-hearing children, when the cognitive tesk does not directly
involve verbal skills. From an educational standpoint, the data suggest
that with proper organization of teaching =ffort, we stould be able to
obtain results in arithmetic as good for deaf children as we do for
average to slightly below-average normal-hearing children.

E. Problem Solving Experiment

Searle, Lorton, aud Suppes (1973) were able +o account for 72% of
the variance in observed proporticns of correct answers to the 125
arithmetic word problems worked by their subjects. Using seven inde-
pendent variables and proportion correct as the dependent variable,
they obtained a multiple correlaticn coefficient of .85 witk a standard’
error of estimste of .27. They conciuvded that ii is possible to account
for a substantial portion of variability in student responses to arith-
metic word problems using independent varianles that describe structural
features of the probiems. However, their models of problem difficulty
were inadeguate in that both the predicted proportions of correcst answers
and the expected amount contributed to problem difficulty by each inde-
pendent variable lacked precision. On this basis, Searle, Lorton, and
Suppes further concluded that their results were situation dependent.

Comparisons of performance by deaf and disadvantaged hearing students
showed that both groups found the same problems easy or hard. There was
a significant correlation between the rank-order of prcblems for the two
groups (Kendall's rho = .511, p < .00l), and Searle, et al. ~oncluded
that the different handicaps characterizing the two groups ct' subjects
did not produce different performance on the word problems,

F. Language Arts BExpariment A

Fletcher and Beard (1973) reported *tnat complete data were obtained
for 197 subjzcts. However,'h6 of these suhjects had received 100 or more
sessions in 1971-72 and these subjects were remnved from the experiment
prior to any data analyses which were then perfoxmsd on -the 151 remaining
subjects. In the analysis of variance thers were 33, 27, 26, 33, and 32
subjects in treatment groups 1, 2, 3, 4, and 5, respectively. Students
in groups 1, 2, 3, 4, and 5 received an average of 22, 46, 69, 88, and
106 sessions, respectively. These averages were less than expected for
groups 3, 4, and 5, but the treatment groups appeared sufficiently dis-
tinct to proceed with aralysis of variance. The F-ratio for this analysis
was not statistically sigrnificant, indicating that the range of sessions
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considered did not have a significant effect on posttest scores. The
paper and pencil language arts test developed by the project appeared to
be reliable and fairly valid. The correlation between pre-~ and posttest
scores on the test was .910 with an F-ratio for significance of regression
beyond p < .01, and the correlation between posttest scores and number of
lessons completed was .645 with an F-ratio for significance of regression
beyond p < .0l. ' :

Models I, II, III, IV, and V accountéd for 83%, 83%, 66%, 83%, and
33%, respectively, of posttest score variance. The only model to which
a term that included a measure of sessions taken contributed significantly
was Model V. In all other models the only significant independent vari-
able wac the pretest score. An additional model, Model VI, was investi-
gated. This model was of the form

E(T2) = 8, + a T, + aN + a3L

where ’I‘2 refers to posttest score,

Tl refers to pretest score,

N refers to number of sessions taken,
L refers to number of lessons completed,

and ao, a 09 and a, are parameters of the model. Model VI accounted

1’ @ 3
for 85% of the variance in posttest scores. Both sessions and lessons,
in addition to pretest scores, contributed significantly (p < .0l) to

the model. However, the regression coefficient in Model VI for number
of sessions taken was negative, indicating an inverse relationship be-
tween number of sessions taken and posttest scores when nunber of lesicns

completed is taken into aeccount.

Fletcher and Beard concluded that the course is of significant value
to students whose ratio of lessons completed to sessions taken is high
but of much less value to students whose ratio of lessons completed to
sessions taken is low. The relationship between sessions taken and post-
test scores was concluded to be more complex than anticipated.

G. Language Arts Item Analysis

Fletcher and Beard (1973) reported several results from their item
analysis of the language arts curriculum that are not widely noted in
the literature on deafness.

First, .the 'directions' lessons were far easier than anticipated
given the general impression among deaf educators that deaf students
experience difficulty in following directions. Some reasons for this
result may be.that the directions in these lessons and in the curriculum
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were easier to follow than those given in classroom instruction, that

the directions given in the language arts CAI were more clearly commuhi-
cated to students than are directions given in classroom instruection, and
that deaf students have less dirficulty following directiocns than generally
suppcsed. More research is requirsd to decide amcng these alternatives.

Second, although pronouns were generally far easier than anticipated,
items on possescive pronouns were extremely difficult for the siudents.
Specifically, possesgive prououns that difrered in number (his boxes,
their box) and/or gender (his sister, her husband) from the ncuns they
modified were seldom completed ccrrectly.

Third, copulas joining subjeets with predicate complements that dif-
fered in number from their subjects were very difficult for the students.
Copulas for items such as the following:

The house (is, are) blue and white.
The girls (seem, seems) lonaly.

were seldum completed correctly. -
Fourth, the students had very little trouble with contractions with
the exception of ‘I'm! which was far more difficult for the students than

anticipated.

H. . Test Development

Jensema (l973a) showed that estimation of guessing parameters for
Birnbaum's 3-parameter model must be improved befcre tailored testing
technigues with multiple-choice items can beccme generaily useful. The
Monte-Carlo data demonstrated that estimation of item difficulty by the
method discussed is accurate, but that estimation of item discriminaticn
can be relied on only for items with difficulties between -1,0 and +1.0.
Jensema concluded that the method disaussed should be used with caution

- and must be viewed not as a replacement for maximum likelihood estimation,

but as a convenient technigue for economically prescreening items.

Jensema (19T3b) showed that the standard error of estimate was a
good index of reiiability regardless of the characteristics of the ltems
presented. He conecluded that, generally, Bayesian tailored testing is
best terminated by reasching a criterion value for the standard error of
estimate. However, if all the items presented have approximately equal
discrimination and guessing paramesters, the nuiber of items that must be
administered to achieve a given level of reliability can be estimated.

I. Economics and Technology of the Network

Fletcher, Jamison, Searle, and Smith (1973) concluded that substan-
tial amounts of CAI are feasible with only minor increases in student-
to-staff ratios. The school administrator must determine the cross-over
that results from the increasing achievement due to CAT that is counter-
balanced by the decreasing achievement due to larger student-to-staff
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recios. Ball and Jamison (1972) demonstrated the economic viabllity of
a satellite-based CAI communications network for dispersed populations.

Four implementation alternatives were considered by Fletcher, et al. and
by Ball and Jamison: first, operatiocnal utilization of the IMSSS facility
at Stanford with adminisirative and operaticnal responsibilities borne

by Stanford perscnnel; second, operational utilization of the IMSSS

" facility with administrative and operational responsibilities borne by a

school serving the deaf community; third, implementation of curriculums
developed under this project on small stand-alone computer systems located
at school sites; and fourth, establishment of a large CAI center for the
deaf that would run 500-1500 student terminals simultansously. Ball and
Jamison indicated that there are no absoclute rules for choosing among
these alternatives but that chaoices must be made relative to trade-offs
that were explicated in their paper.

J. Grammatical and Semantic Analysis of English Used by the Deaf

Fletcher, Jamison, Searle, and Smith (1973) reported an average
sentence length of about nine words in the SAMPLE corpus. An irteresting
theoretical problem connected with the length of utterances in the corpus
was to account for the distribution of utterance lengths with a formal
model of utterance generation. The three theoretical distributions in-
vestigated were the geometric, the poisson, and the negative binomial.
0f these, the negative binomial provided the best rit of the data. There
were 11,697 words (tokens) in SAMPLE, but only 1,898 different words

(types}. .cher, et al. liste e most frequently occurring words
ypes)}. Flet , et al. 1 d the 100 f 1 i d

and the grammatical categories appropriate for all entries in the SAMPLE
lexicon. Noun-phrases predominated the utterances in SAMPLE and a proba-
bilistic grammar was constructed for the 2,366 noun-phrases in the corpus.

Weyer (1973) reported major clusters of perceptually confused char-
acters in the manual alphabet. The largest cluster (A N S T) was composed
of letters that involve a fist and differ from oane another in thumb’
position only. Other letters represented by folded fingers (E M Q) com-
posed an adjacent cluster. Letters in the next cluster (B F U) were .
distinguished by the number of vertical fingers--4, 3, and 2, respectively--
displayed. Minor confusion clusters composed of K and V, V and W, R, D,

X, and Z, G and H, I and J, and P and Q were also reported. There were
practically no confusions involving C, L, and Y. Weyer's study represented
the first application of multiple dimensional scaling to the manual
alphabet.

Charrow and Fletcher (1973) reported statistically superior perfor-
mance by DP subjects on three of the four TOEFL subtests (HP and IP
subjects' scores on the Reading Comprehension subtest did not differ
significantly), on total TOEFL scores, and on the Paragraph Meaning and
Language SAT subtests. Parentage (whether the subjects had deaf or
hearing parents) accounted for 53% of the variance in total TOEFL score
and the indicated importance of parentage was corroborated by stepwise
multiple regression. Item-by-item comparisons within the TOEFL subtests
for number of responses to the correct answer and to the most likely
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wrong answer made by a standariization group of hearing, foreign students
were undertaken. These compaizsons- showed the TOEFL performance of DP
subjects to be more like that of the standardization group than was the
TOEFL performance of HP supjects. Charrow and Fletcher concluded that
their results suggest: that deaf students learn English as a second lan-
guage, but that more sensitive measures must be deviseé to provide more
conclusive results. '

K. Burveys

Suppes (1972b) drew three broad conclusions from his survey of re-
search on cognition in deaf children. First, language problems are
central to the edvcation of handicapped children, but much remains to be
learned abocut the source of their difficulties and about how they may be
met. Second, the excellent methodology developed for the. learning of
discriminations and of simple associations by the handicapped needs to
be extended to more complex tasks. Third, mors attention needs to be ,
given to estimating the magnitudes of the effects that result from various
training procedures and less attention to establishing statistically
significant differences among training procedures.

Bonvillian, Charrow, and Nelson (1973) concluded that: first, the
deaf are not deficient in intellectual competence, their weaker skills
in English and lower educational achievement require other explanations;
second, despite deficiencies in processing English, many deaf persons
communicate effectively in sign language; end, third, similar linguistic
abilities underlie effective use of sign language and spoken language.
Bonvillian, et al. strongly recommend increased use of sign language in
educating the deaf. :
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TV. FUBLICATTONS

This project generatel a substantial amount ofl documentation. Much '

of.this documentation took. the form of IMSSS technical reports, and these

reports will be or already have beer submitted either in whole or in part
for publication in the professional literature. The purpose of this sec-
tion is to review publications arising f”om the project with reference

to topics discuseced in this report.

General

General discussions of the standards, objectives, and methods that
formed a foundation for this project were given by Fletcher and Stauffer
(1973), Suppes (1971, 1972a), and Suppes and Morningstar (1970). Suppes.
Goldberg,. Kanz, Searle, and Stauffer (1971) documented many of the IMSSS
curriculums used by this project and many of the operational technigues
of CAI. Friend (1971) documented a coding language, INSTRUCT, and an
associated coding system that was used to program several curriculums
for this project.

Experiment I: Mathematics Strands

EXperiment I was reported by Suppes}-Fletcher, Zanotti, Lorton, and

Searle (1973).

Experiment IT: Mathematics Strands

Experiment II was reported by Suppes, Fletcher, and Zanotti (1973).

Experiment III: GP Measures

Experirent III was reported by Suppes, Fletchor, Zanotti., Lorton,
and Searle (1973).

Arithmetic Skills of Deaf and Hearing Students

Compariscons of deaf and hearing students' arithmetic skills were
reported by Suppes and Flannery (1973). Comparisons of deaf and hearing
students' arithmetic word problem uolv1ng skills were reported by Searle,
Lorton, and Suppes (1973).

Problem Solving Experiment

. The experiment on structural variables that affect arithmetic word
problem difficulty was repcrted by Searle, Lorton, and Suppes (1973).

Language Arts Experiment

The language arts evaluation experiment was reported by Fletcher
and Beard (1973).
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Language Arts Item Analysis

An extensive analysis of the language arts curriculum items was
reported by Fletcher and Beard (1973).

Test.DevelopngE

Theoretical and practical results in test development were reported

oy Fletcher and Beard (1973), Jensema (1973a, 1973b), and Suppes, Fleicher,
Zanotti, Lorton, ané Searle. (1973).

Economics and Technology of the Network

The economics and technology of thre CAL network maintained by this
project was discussed by Ball and Jamison (1972) and Sanders and Ball
(1972).

Gremmatical and Semantic Analysis of Language Used by the Deaf

The analysis of a corpus of writing samples produced by deaf students
was reported by Fletcher, Jamison, Searle, and Smith (1973). Perceptual
confusions observed in learning and perceiving letters of the manual
alphabet was reported by Weyer (1973). A study of English as the second
language of deaf students was reported by Charrow and Fletcher (1973).

surveys
Three extensive surveys of the professional literature on deaf

students were prepared by Bonvillian and Charrow (1972), Bonvillian,
Charrow, and Nelson (1973), and Suppes (1972b).
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V. CONCLUSIGCNS

We began this project with the convictioii that we had a powerful
instructional tool at our disposal. Our aims were to demonstrate that
CAT could be used to advantage by deaf students, tnat it could support
serious research in deaf education, and that a favorable argument could
be made for the economics of CAL. BPBehind these aims was the general
intent of initiating large-scale use of CAL in schools for the deaf. To
some extent we successfully met each of these aims.

Tt seems reasonable to conclude thatCAI can be used successfully by
deaf students. We did not set out to apply CAIL to all of deaf education;
we attempted only what we cculd do well. Curriculum work was ccncen-
trated on the skill subjects of mathematics and language arts, and, with-
in these subjects, we emphasized aspects that were most amenable to computer
presentation. Under these constraints we achieved favorable resulits
Certainly, the gains in mathematics computation ability that were two to
three times what is expected from classroom instrmction and the precision
with which grade placement increase could be predicted as a fuanction of
CAI sessions are notable.

We also conclude +that CAI provides a substantial foundation for re-
search on the problems and processes of deaf education. The range of
research undertaken by this project bharely represents the diversity of
inquiry that can be supported by CAI. The unobtrusive and precise con-
trol over experimental conditions made possible by computer presentations
as well as the accuracy and speed of computer arithmetic and data re-
trieval permit a wide spectrum of experimental possibilities that we have
only begun to explore,

The major drawback of CAI is its cost. Computers require a sizable:
commitment of funds both for acquiring cepital equipment and for main-
taining operations. Fortunately, the steady increase in the quality of
available CAI is matched by a sieady decrease in its costs. In the mid-
1960'5, when CAI first became availaple, it cost about $40 per student
contact hour. Currently, CAI offered by the IMSS5 system costs $1.50-
$2.50 per student contact hour, depending on communication expenses., For
the immediate future we can expect continued decrcases in the costis and
continued increases in the quality of CAI.

The proof of this project is in its impact on deaf education. BSpec-
ifically, the willingness of the participating schiools to support CAI
from their own funding sources is the ultimate test of the project's im-
pact. To date 13 of the 15 schools that participated in this project
have committed funds to continuing their CAI activity in 1973-74. 'The
two remaining schools have not decided what CAT implementation alternative
to adopt. Two schools that received no CAT from this project will be
added to those supporting CAI in one network that directly resulted from
this project. We expect the growth of CAI in schools for the deaf to
continue,
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VI. RECOMMENDATIONS

We emphasize that all work under this project properly represents
beginnings. There is no recommendation we support with more enthusiasm
than the recommendation that our work be taken up and continued. The
accomplishments of this project are not end results, and it would be a
disappointment if they were considered final.

37



VII. BIBLIOGRAPHY

Ball, J., and Jamison, D. Computer-assisted instruction for dispersed
populations: System cost medels. Technical Report No. 190, Insti-
tute for Mathematical Studles in the Sccial Seiences, Stanford
University, September 15, 1972.

Bonvillian, J. D., and Charrow, V. R. Psycholinguistic implications of "
Geafness: A review., Technical Report No. 188, Institute for Mathe-
matical Studies in the Social Sciences, Stanford University, July

14, 1972.

Bonvillian, J. D., Charrow, V. K., and Nelscn, K. E. Psycholinguistic
and educational implications of deafness. Human Development, 1973,
in press. ‘

Charrow, V. R., and Fletcher, J. D. English as the second language of
deaf students. Technical Report No. 208, Institute for Mathematical
Studies in the Social Sciences, Stenford University, July 20,_1973,

Fletcher, J. D., and Atkinson, R. €. Evaluation of the Stanford CAT
program in initial reading. Journal of Educational Psychology,

1972, 63, 597-602.

Fletcher, J. D., and Beard, M. H. Computer-assisted instruection in
language arts for hearing-impaired students. Technical Report No.
215, Institute for Mathematical Studies in the Social Sciences,
Stanford University, September, 1973.

Fletcher, J. D., Jamison, D. T., Searle, B. W., and Smith, R. L.
Computer-assisted instruction for the deaf at Stanford University.
Annual Report, U.S.0.E., Contract Nc. OEG-0-70-4797 (607), Insti-
tute for Mathematical Studies in the Social Sciences, Stanford
University, January 8, 1973.

Fletcher, J. D., and Stauffer, C. M. Learning language by computer.
The Volta Review, 1973, 75, 302-31l.

Friend, J: E. Instruct coders' manual. Technical Report No. 172,
Institute for Mathematical Studies in the Social Sciences, Stanford
University, May 1, 1971.

Friend, J. E. Computer-assisted instruction in programming: A curriculum
description. Technieal Report No. 211, Institute for Mathematical
Studies in the Socizl Sciences, Stanford University, July 31, 1973.

Friend, J. E., and Atkinson, R. C. Computer-assisted instruction in
programming: AID. Technical Report No. 164, Institute for Mathe-
matical Studies in the Social Sciences, Stanford University,
January 25, 1971 .

38



Gentile, A., and Di Francesca, S. Academic achievement test performance -~
of hearing impaired students. Washington: Office of Demographic
Studies, Series D, Number 1, September, 1969.

Goldberg, A. A generalized instructional system for elementary mathe-
matical logic. Technical Report No. 179, Institute for Mathematical
Studies in the Social Sciences, Stanford University, October 11, 1971.

Goldberg, A., and Suppes, P. A computer-assisted instruction program for
exercises on finding axioms.  Technical Report No. 186, Institute
for Mathematical Studies in the Social Sciences, Stanford University,
June 23, 1972.

Jackson, R. M. (Computer-assisted instruction for deaf and hard of hearing
children. Report to the Superintendent and the Board of Educatiocn,
Palo Alto Unified School District, 25 Churchill Avenue, Palo Alto,
California, June, 1972.

Jamison, D., Fletcher, J. D., Suppes, P., and Atkinson, R, C. Cost and
performance of computer-assisted instruction for education of dis-
advantaged children. In J. Fromkin and R. Radner (Eds.), Education
as an industry. New York: National Bureau of Economic Research
Columbia University Press, 1973 (in press).

Jensema, C. Useful techniques for applying latent trait mental-test
theory. Technical Report No. 202, Institute for Mathematical
Studies in the Social Sciences, Stanford University, May 9, 1973. (a)

Jensema, C. A note on the reliabilify of Bayesian tailored testing.
Journal of Educational and Psychological Measurement, 1973, in press. (b)

Lord F. M. Some test theory for tailored testing. In W. H. Holtzman
(Ed.), Computer assisted instruction, testing, and guidance. New
York: Harper & Row, 1971. (a)

Lord, F. M. Robbins-Monro procedures for tailored testing. Journal of
Educational and Psychological Measurement, 1971, 31, 3-31. (o)

Lard F. M., and Novick, M. R.  Statistical theories of mental test
scores. Reading, Mass,: Addison-Wesley, 1963.

Sandbrs, W. R., and Ball, J. R. Logic documentation standard for the
Institute for Mathematlcal Studies in the Social Sciences. Technical
Report No. 191, Institute for Mathematical Studies in the Social
Scﬁgnces Stanford University, October 4, 1971.

\ . :

Searle, B\ W., Lorton, P. V., and Suppes, P. Structural variables
affecting CAT performance on arithmetic word problems of disadvan-
taged énd deaf students. Technical Report No. 213, Institute for
Mathematmcal Studies in the Social Sciences, Stanford University,
August, 1973

39



.'/

Suppes, P. Some thecretical models T ies learning. Journal
of Research and Developmeni in Education, 1967, 1, 5-22.

Suppes, P. Computer-assisted instruecticn for deaf students. American
Annals of the Deaf, 1971, 11, $00-508

Suppes, P. Facts and fantasies of education. Technical Report No. 193,
Institute for Mathematical Studies in the Sccial Sciences, Stanford
University, October 18, 1972. (a)

Sﬁppes, P. A survey of cognitioﬁ in handicapped children. Technical
Report No. 197, Institute for Mathematical Studies in the Social
Sciences, Stanford Universiiy, December 29, 1972. (b)

Suppes, P., and Flannery, L. I. 4 compariscn of deaf and normal-hearing
ztudents' performance in arithmetic. Institute for Mathematical
Studies in the Social Sciences, Stanford University, in press.

Suppes, P., Fletcher, J. D., and Zanottl, M. #odels of individual tra-
Jectories in compater ~assigted instruction for deaf studentis.
Technical Report No. 21k, Institute for Mathematical Studies in the
Social Sciences, aHIO“d University, Beptember, 1973,

Suppes, P., Fletcher, J. D., Zanotti, M., Lorion, P. V., and Searle, B. W.
Evaluation of comguuﬂr—ae'isted instruction in elementary mathematics
for hearing-impairved students. Technical Report No. 200, Institute
for Mathematical DiUdluu in the Social Eoiences, Stanford University,
March 17, 1973.

Suppes, P., Goldberg, A., Kanz, G., Searle, B., and Stavffer, C. Teacher's

' handbock for CAL courses., Tachnical Report No. 178, Institute for
Mathematical Studizs in the Social Sciences, Stanford Uriversity,
September 1, 1971.

Suppes, P., and Morningstar, M. Tachnological innovations: Computer-
assisted instruction and oompen satory @ducation. In F. Korten,
S. fook, and J. Lacey (Eds.), Psychology and the problems of society. .
Washington, D.C.: American Psychological £ss ociation, 1970,

Suppes, P., and Morningstar, M. Computer-assisted iasiruction at Stanford,
1966- 68 Data, models, dnd evaiuation of the arithretic plograms°
d2w York: Academic P“css 1972

Suprez, P., Searle, B., and Lorton, P., Jr. The strands arithmetic CAI
program. Ipstltute for Mathematical Studies in the Social Sciences,
Stanford University, 1973, in press.

Weyer, S. A. Fingerspelling by computelr. Technical Report No. 212,
Institute for Mathematical Studies in the Social Sciences, Stanford
University, August, 1973. '

Q : 40
FRIC

Aruitoxt provided by Eic:



