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Introduction

This article summarizes an extensive collection of
evaluation studies of CCC elementary—-school curriculums in
mathematics, reading, and language arts. The studies
include reports from nine states and cover the period 1971~
1975. It will be apparent to the reader that differences in
school systems, individual research requirements, and
objectives of analysis are characteristic of the reports we
summarize. Most of the studies were not conducted by either
of the authors of this article but were carried out by
research and evaluation staff of the various school systems
mentioned. The only exception to this generalization is the
analysis of the data for Isleta Pueblo and the schools for
the deaf in Florida, Oklahoma, and Texas, which was part of
a larger evaluation study conducted by the second author at
Stanford University.

All but two of the studies are based on data from the
use of CCC’s instructional systems. The last two studies
report data on CCC curriculums in use on other computer
systems.

The level of technical analysis varies widely across
the different studies. This 1is to be expected in terms of
the differing objectives of different school systems.
However, it 1is <characteristic of all the studies that
designs making extensive comparisons of experimental and
control groups are not present.

The classical experimental-control design is not
totally suitable for the analysis of computer—assisted
instruction’s effectiveness. The methodology of this design
was originally conceived for experiments of relatively short
duration. It is characteristic of 1long-term studies of
learning (studies which extend over several months or a full
school year, for example) that variations will occur within
the group being studied. The most important variation,
which needs to be examined carefully in the analysis of
data, 1is the actual time spent in computer—assisted
instruction by individual students. Once the amount of time
is considered explicitly as a variable, it is then apparent
that the classical control group simply represents the very
special group receiving zero time.
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The quantitative study of the effects of amount of
instruction is a subject of continuing interest. Detailed
theoretical work and some experimental tests are to be found
in Suppes, Fletcher, and Zanotti (1975, 1976). Several of
the studies reported in this paper provide additional strong
quantitative support for the proposition that the effects of
computer—assisted instruction are directly related to the
amount of time spent in CAI by the individual student.

What can also replace a classical experimental design
is comparison of widely known, expected grade-placement
gains of disadvantaged students with the gains achieved by
the wuse of computer—assisted instruction (CAI) as a
supplement to ordinary classroom dinstruction. Under
traditional means of dinstruction almost all handicapped
students or disadvantaged students falling under Title I are
expected to make grade-placement gains in basic skills well
below a full-year gain, that is, below a full one-year
achievement gain for each calendar year. Most of the
evaluation studies reported here are therefore aimed at the
analysis of the extent to which this normal expectation is
being exceeded when computer—assisted instruction
supplements normal classroom instruction.

Some of the studies, especially those concerned with
the schools for the deaf in Florida, Oklahoma, and Texas,
are oriented toward the additional objective of predicting
grade placement on standardized tests on the basis of final
grade placement in one of the CCC curriculums in basic
skills. We believe that the predictive analysis given here
will be useful to a number of people concerned with the
relationship between grade placement in CCC curriculums and
expected grade placement on standardized tests given at the
end of the school year.

The generally favorable results reported in the present
set of studies are consistent with those to be found in the
evaluation literature. Especially relevant is the survey by
Vinsonhaler and Bass (1972) of over 30 separate studies of
CA1l supplementary drill and practice at the elementary-
school level. They concluded that “there appears to be
rather strong evidence for the effectiveness of CAI over
traditional instruction where effectiveness is measured by
standardized achievement tests.” A broad survey of the
effectiveness of computer—assisted instruction in comparison
with other media as well as with traditional dinstruction is
to be found in Jamison., Suppes, and Wells (1974).



Descriptions of CAI Curriculums

The schools included in this survey used one or more of
the following courses from Computer Curriculum Corporation:

Mathematics Strands, Grades 1-6
Reading, Grades 3-6
Language Arts, Grades 3-6

The strands instructional strategy plays a key role in
each of these courses. An explanation of the strands
strategy is essential to a description of the CCC
curriculums.

Strands strategy. A strand represents one content area
within a curriculum. For example, a division strand, a
decimal strand, and an equation strand are included in the
Mathematics Strands curriculum. Each strand is a string of
related items whose difficulty progresses from easy to hard.
A computer program keeps records of the student’s position
and performance separately for every strand. By comparing a
student’s record of performance on the material in one
strand with a preset performance criterion, the program
determines if the student needs more practice at the same
level of difficulty within the strand, should move back to
an easier level for remedial work, or has mastered the
current concept and can move ahead to a more difficult
level. Then the program automatically adjusts the student’s
position to the correct 1level within the strand. The
process of evaluation and adjustment applies to all strands
and is continuous throughout each student’s interaction with
a curriculum.

Evenly spaced gradations in the difficulty level of the
material allow positions within a strand to be matched to
school grade placements by tenths of a year. Grade
placement in a specific subject area can then be determined
by examining a student’s position in the strand representing
that area. Since performance in each strand is recorded and
evaluated separately, the student may have a different grade
placement in every strand of a curriculum. Teacher’s
reports, available as part of each curriculum, record
progress by showing the student’s grade placement in each
strand at the time of the report.

In a curriculum based on the strands instructional
strategy, a normal lesson consists of a mixture of exercises
from different strands. Each time an item from a particular
curriculum is to be presented, a computer program randomly



selects the strand from which it will draw the exercise.
Random selection of strands ensures that the student will
receive a mixture of different types of items instead of a
series of similar items.

Each curriculum also provides for rapid gross
adjustment of position in all the strands as the student is
first beginning work in the course. Students who perform
very well at their entering grade levels are moved wup in
half-~year steps until they reach a more challenging level.
Students who perform poorly are moved down in half-year
steps. This adjustment of overall grade level ensures that
students are correctly placed in the curriculum and is in
effect only during a student’s first ten sessions.

Mathematics Strands, Grades 1-6. Mathematics Strands,
Grades 1-6 contains fourteen strands, or content areas.
Table 1 lists the strands 1in the mathematics curriculum.
The curriculum begins at the first grade level and extends
through grade 1level 7.9. The seventh-grade material does
not constitute a complete curriculum for that grade year but
is 1intended as enrichment for students who complete the
sixth-grade material.

Table 1

The Strands in Mathematics Strands, Grades 1-6

Strand Name Abbreviation
1 Number Concepts NC
2 Horizontal Addition HA
3 Horizontal Subtraction HS
4 Vertical Addition VA
5 Vertical Subtraction Vs
6 Equatiouns EQ
7 Measurement MS
8 Horizontal Measurement HM
9 Laws of Arithmetic LW

10 Vertical Multiplication M
11 Division DV
12 Fractions FR
13 Decimals DC
14 Negative Numbers NG



Each strand is organized into equivalence classes, or
sets of exercises of similar number properties and
structure. During each CAI session in mathematics, students
receive exercises from all the strands that contain
equivalence classes appropriate to their grade levels. For
example, a student at grade level 2.0 will receive exercises
from seven strands: NC, HA, HS, VA, VS, EQ, and MS.

Students do not receive an equal number of exercises
from all strands. The program adjusts the proportion of
exercises from each strand to match the proportion of
exercises covering that concept in an average textbook.

The curriculum material in Mathematics Strands, Grades
1-6 is not stored in the computer’s memory but takes the
form of algorithms that use random number techniques to
generate exercises. When a particular equivalence class is
selected, a program generates the numerical values used in
the exercise, produces the required format information for
the presentation of the exercise, and calculates the correct
response for comparison with student input. As a result,
the arrangement of the lesson and the actual exercises
presented differ between students at the same level and
between lessons for a student who remains at a constant
grade placement for several lessons.

Reading, Grades  3-6. The Reading, Grades 3-6
curriculum consists of reading practice items designed to
improve the student’s skills in five areas: word analysis,
vocabulary extension, comprehension of sentence structure,
interpretation of written material, and development of study
skills. It contains material for four years of work at
grade levels 3, 4, 5, and 6 as well as supplementary
remedial material that extends downward to grade level 2.5.

The program is divided into two parts: Basic Sentences
and Strands. Basic Sentences begins at grade level 2.5 and
ends at grade level 3.5. The items in this section are
short and easy. They represent the simplest type of reading
practice exercise that can be presented in a contemporary
computer—assisted instructional system.

The Strands section starts at grade level 3.5 and
continues through grade level 6.9. When working in the
Strands section, the student receives items from all five
strands during every session.

Language Arts, Grades 3-6. Language Arts, Grades 3-6
covers grades three through six with enough material for a
year’s work at each grade level. It also offers a
supplement of lessons for students with special language
problems. These 1include hearing-impaired students and
students for whom English is a second language.
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Table 2

The Strands in Reading, Grades 3-6

Strand Content
A Word Attack-—analyzing words as units
B Vocabulary—-—~building a reading vocabulary
C Literal Comprehension—-—understanding the

literal meaning of sentences and short

paragraphs

D Interpretive Comprehension--reading
sentences for interpretation

E Work—-Study Skills——learning to use

resources effectively

The Language Arts curriculum stresses usage instead of

grammar and presents very few grammatical terms. It is
divided into two courses, Language Arts Strands and Language
Arts Topics. Both courses cover the same general subject

areas, but their structures are very different. Language
Arts Strands uses a strands structure to provide highly
individualized mixed drills. In Language Arts Topics, the
entire class receives lessons on a topic assigned by the
teacher. The schools included in this survey used only the
Language Arts Strands course. See Table 3 for a 1list of
the strands in Language Arts Strands.

Table 3

The Strands in Language Arts Strands, Grades 3-6

Strand Content

Principal Parts of Verbs

Verb Usage

Subject~Verb Agreement

Pronoun Usage

Contractions, Possessives,
and Negatives

Modifiers

Sentence Structure

Mechanics

oW

== PR



More detailed descriptions of the content and structure
of all three curriculums are found in CCC’s teacher’s
handbooks for mathematics (Suppes, Searle, Kanz, & Clinton,
1975), reading (Fletcher, Adkins, & Hamilton, 1972), and
language arts (Adkins & Hamilton, 1972).

Freeport, New York

The Freeport Public School District acquired a CCC CAIL
system for the Mathematics Strands curriculum in 1970 and
added the capability of running the Reading 3-6 curriculum
in 1973. Both  curriculums are wused by children in
kindergarten through eighth grade; 1in addition, some
students in Grades 9 through 12 are using the mathematics
curriculum. Because of a recent expansion, every child in
Freeport’s elementary schools is now able to have at least
one CAI session per week.

Four sets of results showing the success of CAI in
Freeport have been reported by Joe Holbrook (1976), the
director of mathematics for the school district. His report
discusses fourth- through sixth—grade below-average students
who were given extra CAI sessions, and it compares
achievement in the Freeport Public Schools and in New York
State in reading and mathematics as measured by the New York
State Pupil Evaluation and Progress Tests.

Sixth grade. Two groups of below-average sixth-—grade
students received two years of intensive CAI. Group A
consisted of 142 students who were approximately one year
below grade level at the end of the fourth grade in 1973.
Group B was a group of 20 Hispanic students who were also
below grade level. Many of the Hispanic students had not
attended school before entering Freeport schools and were
assigned grade levels according to age rather than
achievement. Both groups spent an average of three 45-
minute CAI periods each week for the two years; the 45—~
minute period was ordinarily divided dinto 20 minutes for
mathematics and 25 minutes for reading. Table 4 and Table
5 show gains made by these students on the Metropolitan
Achievement Test (MAT) at the end of their sixth~grade year;
the tables also show the ratio of the actual gain to the
expected gain. An expected gain is determined for each
child by averaging gains in preceding years; the expected
gain referred to in the tables 1is the average of the
individual expected gains. All the gains are impressive for
these below-level students, but clearly tbhe most outstanding
is a gain of 2.1 years in mathematics by the Hispanic group
in one year.



Table 4

Freeport Sixth—grade Reading Gain as Measured
by the MAT, 1974-1975

Ratio of
Expected Actual actual gain to
Group N mean gain mean gain expected gain
A 142 .9 1.3 1.44
B 20 .9 1.5 1.67

Table 5

Freeport Sixth-grade Mathematics Gain as Measured
by the MAT, 1974-1975

Ratio of
Expected Actual actual gain to
Group N mean gain mean gain expected gain
A 142 -9 1.4 1.54
B 20 1.1 2.1 1.91

The New York State Pupil Evaluation and Progress Tests
were used to compare the progress of Groups A and B with a
similar group of students, Group C, who were sixth graders
in 1973 and who had not used the computer or had not used it
as heavily as Groups A and B. 1In 1973, 31 percent of Group
C had scored below the minimum competence range in reading,
and 40 percent of Group C had scored below the minimum
competence range in mathematics. In 1975, the corresponding
figures for Groups A and B were 20 percent in reading and
16 percent in mathematics. These results are significant at
a time when the state and national trends show a decline in
reading and mathematics achievement, particularly in the
fifth and sixth grades.

Fifth grade. A comparison of two groups of below-—
average fifth-grade students shows the effects of increased
amounts of time in CAI. The median score of the 25 students
in Group A on the Otis-Lennon Mental Ability Test was 80 and
the range was 72 to 84; the 25 students in Group B had a



median IQ of 90 with a range of 85 to 94 on the same test.
Students in Group A were given twice the amount of time for
CAI mathematics lessons that was given to students in Group
B. In addition to their daily  45-minute mathematics
classes, Group A students were given an average of two 45—
minute mathematics CAI sessions each weekj; Group B students
received an average of one 45-minute CAI mathematics session
each week in addition to their regular classes.

Table 6 shows that both groups achieved better than
their expected growth; in addition, Group A showed nearly
equivalent gains in every area in spite of their lower IQ
scores and achievement histories. It is interesting to note
that both groups showed the greatest increase over expected
gains in the Problem Solving section of the MAT, the area in
which it has been most difficult to show gains. Holbrook
attributes this to the students’ constant exposure to making
choices and decisions at the computer.

Table 6

Freeport Fifth-Grade Mathematics Gain as Measured
by the MAT, 1974-1975

Ratio of

Test or Expected Actual actual gain to

Group N subtest mean gain mean gain expected gain
A 25 Computational Skills .6 .8 1.33
B 25  Computational Skills .8 1.0 1.25
A 25 Number Concepts .5 .6 1.20
B 25  Number Concepts .6 .7 1.17
A 25 Problem Solving A 1.0 2.50
B 25 Problem Solving .6 .8 1.33
A 25 Total Test .5 .8 1.60
B 25 Total Test .7 .9 1.29

Fourth grade. Students in the fourth grade were

scheduled for 70 minutes

of 226 below—-average students (Group A)
Hispanic students (Group B) worked an additional 30 minutes

each week at the terminals.
and posttests showed

of CAI lessons per week.

A group

and a group of 27

An analysis of the MAT pretests

significant gains for all students in

both areas, and in mathematics, contrary to what is normally



expected, the average gain of the below-grade-level groups
was as high as or higher than the average for the entire
fourth grade. These figures are shown in Table 7 and Table
8.

Table 7

Freeport Fourth—grade Mathematics Gain as Measured
by the MAT, 1974-1975

Ratio of
Expected Actual actual gain to
Group N mean gain mean gain expected gain
A 226 .6 1.2 2.0
B 27 .5 1.4 2.8
Total grade 461 .6 1.2 2.0
Table 8

Freeport Fourth—grade Reading Gain as lMeasured
by the MAT, 1974-1975

Ratio of
Expected Actual actual gain to
Group N mean gain mean gain expected gain
A 226 «5 .8 1.60
B 26 .2 .7 3.50
Total grade 458 o7 .9 1.28

Comparison with New York. The percentages of Freeport
third and sixth graders scoring in the below-minimum-—
competence range (Stanines 1-3) and the superior range
(Stanines 7-9) on the New York State Pupil Evaluation and
Progress Tests (PEP) in mathematics and reading were
compared with corresponding figures for the entire state of
New York. Table 9, Table 10, Table 11, and Table 12
summarize the results.
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Table 9

Percentages of Freeport Third Graders and All New York
Third Graders in the Below-Minimum-Competence Range of the
New York State Pupil Evaluation and Progress Tests
1970-1975

Mathematics Reading

Freeport All New York Freeport All New York
Year students, 7% students, % students, % students, 7%

1970 26 22 29 26
1971 22 21 25 27
1972 23 21 23 27
1973 18 20 17 25
1974 17 20 16 25
1975 15 -2 14 -

a
Data not yet available.

Table 10

Percentages of Freeport Sixth Graders and All New York
Sixth Graders in the Below-Minimum—~Competence Range of the
New York State Pupil Evaluation and Progress Tests
1970-1975

Mathematics Reading

Freeport All New York Freeport All New York
Year students, % students, % students, % students, %

1970 40 30 31 28
1971 30 32 29 30
1972 23 32 29 30
1973 20 32 31 30
1974 19 34 25 30
1975 15 -2 20 -

aData not yet available.
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Table 11

Percentages of Freeport Third Graders and All New York
Third Graders in the Superior Range of the
New York State Pupil Evaluation and Progress Tests
1970-1975

Mathematics Reading

Freeport All New York Freeport All New York
Year students, % students, % students, % students, 7

1970 21 24 20 22
1971 21 24 18 21
1972 19 24 23 21
1973 28 25 24 21
1974 26 25 22 22
1975 28 -2 25 -

a .
Data not yet available.

Table 12

Percentages of Freeport Sixth Graders and All New York
Sixth Graders in the Superior Range of the
New York State Pupil Evaluation and Progress Tests
1970-1975

Mathematics Reading

Freeport All New York Freeport All New York
Year students, 7 students, 7 students, %7 students, %

1970 13 19 16 20
1971 17 17 17 18
1972 19 17 17 17
1973 22 17 15 18
1974 21 16 22 17
1975 27 -2 25 -

aData not yet available.
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These tables show that the percentage of students
scoring in the below-minimum-competence range in Freeport
has been significantly lower than the percentage of students
scoring in the same range for the entire state of New York
each year the computer has been in operation. In addition,
the trends indicate that these figures have been decreasing
over the years. Similarly, the percentage of students
scoring in the superior range din Freeport has been
significantly higher than the percentage of students scoring
in the superior range in New York since 1970, and here the
figures seem to be dincreasing. In 1970, for example, 26
percent of the Freeport third graders and 40 percent of the
Freeport sixth graders scored in the below-minimum—
competence range in mathematics; by 1975 these figures had
decreased to 15 percent in both groups. In reading the
results were similar; the percents of below-minimuwn-
competence achievers in Freeport decreased from 29 to 14 in
the third grade and from 31 to 20 in the sixth grade.
During the same period the percentage of Freeport students
scoring in the superior range increased significantly.

Holbrook concludes that data from these four studies
indicate that the computer, when properly used, can be an
exciting tool for raising the achievement level of students
who have not responded well to traditional means of
instruction.

Fort Worth, Texas

Some preliminary data from 12 schools in Fort Worth
using CCC’s mathematics and reading curriculums indicate
high average gains in both subject areas. The data cover
the period from the middle of October to the middle of
January in the 1975-76 school year. Table 13 shows for each
grade level the average grade placement after 10 mathematics
CAI sessions and after 60 such sessions; the grade placement
after 10 sessions is a good estimate of the student’s entry
level, and 60 sessions are the approximate number a student
would take in three months on a schedule of one session per
day.

Table 13 indicates that many students are not taking a
daily CAI mathematics session, but those who are show an
average increase of over one year above entering grade
placement at every grade level except third grade, for which
the average increase is 0.89 years.

The data for reading are just as impressive. Table 14
shows average grade placements in reading for Grades 3
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Table 13

Gain in Mathematics for Fort Worth Students as Measured
by CAI Grade-~Placement Scores, 1975-1976

Session 10 Segsion 60

Mean grade Standard Mean grade Standard Mean gain in
Grade N  placement Deviation N placement deviation grade placement

3 374 1.61 .40 129 2.50 .55 .89
4 722 1.72 .46 328 3.05 .72 1.33
5 719 1.97 .60 250 3.46 .86 1.49
6 414 2.47 .75 30 4.07 .85 1.60
7 364 2.58 .78 28 3.85 .74 1,27
Table 14
Gain in Reading for Fort Worth Students as Measured
by CAI Grade-Placement Scores, 1975-1976
Mid-October, 1975 Mid-January, 1976
Mean grade Mean grade Mean gain in
Grade N placement N placement grade placement
3 284 3.01 308 4.28 1.27
4 696 3.40 653 4. 44 1.04
5 635 3.56 649 4 .45 .89
6 409 3.85 411 4.51 .66
7 481 3.95 426 4.58 .63

through 7 in mid-October and mid-Jaanuvary. Third- and fourth-
grade students have gained over one year during the three-
month period, and gains in Grades 5 through 7 range from
0.63 years to 0.89 years. Average grade placement for third
and fourth grades is now at or above grade level. Students
in Grades 5 through 7 are making good gains but would hardly
be expected to reach grade level at the end of the school
year in view of their low grade placements at the beginning
of the year.

14



A comparison of CAI grade—placement scores and grade
equivalences on the Mathematics Computation and Mathematics
Application sections of the Stanford Achievement Test (SAT)
was made for a sample of students at each grade level
(Lysiak, 1975). CAI grade placements on October 10, 1975,
were correlated with grade equivalences from the mathematics
sections of the SAT that was administered between September
22 and October 3. Students who had not received at least 10
CAI mathematics sessions by October 10 were eliminated from
the study. The results indicate that students score
significantly higher on the Stanford Mathematics Computation
and Application subtests than in the CAI curriculum. The
means and correlations are given for each grade level in
Table 15 and Table 16. It should be noted that grade
equivalences on any one subtest of the SAT are less reliable
than grade equivalences for the total mathematics tests, but
the total test was not administered.

Table 15

Correlation Between CAI !Mathematics Grade Placements
and SAT Mathematics Computation Grade Equivalents
for Fort Worth Students, 1975

CAI Grade Placement SAT Grade Equivalents

Standard Standard
Grade N Mean deviation Mean deviation Correlation
3 124 2.00 .48 2.86 .69 .62
4 190 2.43 .66 3.20 1.05 .51
5 192 2.82 .69 3.95 1.36 .56
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Table 16

Correlation Between CAI Mathematics Grade Placements
and SAT Mathematics Application Grade Equivalents
for Fort Worth Students, 1975

CAI Grade Placement SAT Grade Equivalents

Standard Standard
Grade N Mean deviation Mean deviation Correlation

3 124 2.00 .48 2.73 .97 .35
4 191 2.41 .67 3.05 1.18 .52
5 190 2.28 .69 3.80 1.50 .59

Houston, Texas

Some data have been reported from nine schools in
Houston for the period from October 15, 1975, +to February
29, 1976 (Process Report, 1976). Presently 1,908 students
are enrolled in one or both of CCC’s CAI elementary
mathematics and reading curriculums. During the five-month
reporting period, the approximately 670 CAI mathematics
students showed an average gain of 1.7 months per month in
their grade placement scores while the approximately 1,450
reading students showed an average gain of 0.6 months per
month. The mathematics gains are obviously impressive; the
reading gains are acceptable considering that a Title I
population will not ordinarily average a one-month-per-month
gain. However, CCC’s goal for Title I students is a gain of
one month per month, so we were concerned about the reported
reading gain. Since research indicates that the amount of
time spent in CAI is highly correlated with grade-placement
gains, (Suppes, Fletcher, & Zanotti, 1975; Suppes, Fletcher,
& Zanotti, 1976; and Suppes, Fletcher, Zanotti, Lorton, &
Searle, 1973), we were interested in the amount of time
students were spending working at the terminals in reading.
The average amount of time spent by students in CAI reading
was 111.01 minutes or 11.1 sessions per month. Ccce
recommends 10 minutes per day or approximately 20 sessions
per month; thus, the Houston students were spending just
over half the recommended time per month and were achieving
just over half the target gain.

To obtain a more accurate estimate of the effect on
performance of time spent in CAI, we constructed a simple

16



linear regression equation to predict amount of gain from
amount of time. The equation was of the form

y=ax+b

where for each school, x is the average amount of time in
minutes spent by students in CAI reading for the five-month
period, and y 1is the average gain in grade placement over
the same time. The resulting equation based on nine data
points is:

y = .0009x -~ .079

The regression has a relatively high correlation coefficient
of 0.848. The equation predicts a gain of 0.101 years per
month for a student who spends 10 minutes per day or a total
of 200 minutes per month.

We constructed a similar equation to predict CAI grade-
placement gain in  mathematics by time spent in CAI
mathematics. Based on data from six schools, the regression
equation is:

y = .0016x + .0234

The correlation coefficient for this regression is 0.754.
This equation predicts that a student spending 200 minutes
per month in CAI mathematics would be expected to gain 0.343
years per month. Gains of this magnitude could mnot be
expected to continue over an extended period of time.
Presently students are averaging only 117 minutes per month
in mathematics.

The Iowa Test of Basic Skills (ITBS) was administered
to a sample of the CAI students 1in the spring of 1975 and
again on March 1, 1976. The students averaged a gain of 1.4
months per month on the Mathematics section and 0.7 months
per months on the Reading Comprehension sectiom. Table 17
shows the percentage of students at each grade level who
achieved at least one month per month growth as measured by
the standardized test. With the exception of sixth-~grade
reading, at least 50 percent of the students are reaching
the target goal of a one-month-per-month gain in all grade
levels for both subjects. If students spent more time in
the CAI programs, these figures would probably be
substantially increased.
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Table 17

Percentage of Houston Students Achieving One lMonth
per Month Measured by ITBS Pre—~ and Posttests, 1975-1976

Reading Mathematics
% achieving % achieving
Grade N one month per month N one month per month
3 20 50 8 62
4 36 55 12 58
5 41 56 18 55
6 41 21 18 72

Schools for the Deaf in
Florida, Oklahoma, and Texas

The relationship between CCC grade-placement values and
standardized-test—-score grade equivalents 1is of obvious
interest to CCC’s users. We have analyzed this relationship
using data collected from schools for hearing-impaired
students in Florida, Oklahoma, and Texas during the 1973-
1974 school year. The data collection consisted of pre- and
posttest achievement scores and grade-placement scores in
the CCC language arts, reading, and mathematics curriculums.
A wide variety of achievement tests was used by various
schools. Table 18 gives the code numbers and the associated
names of the tests which were administered; these code
numbers are used later and refer to the specific tests
listed in this table.

To determine the relations between CCC grade-placement
scores and posttest scores, the following two regression
models, one a linear model and one a quadratic model, were
considered:

(1) y = a + bx
and
(2) y = a+ bx + cx2

where y is the posttest grade-—equivalent, x is the CAI final
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Table 18

Code Numbers for Achievement Tests

Code Meaning

1 Stanford Achievement Test, Primary Level 1, Form A
(for use only with hearing-impaired students as
part of the special achievement testing procedures
devised by the Annual Survey of Hearing Impaired
Children and Youth, Office of Demographic Studies,
Gallaudet College, Washington, D.C.); 1972; Richard
Madden, Eric F. Gardner, Herbert C. Rudman, Bjorn
Karlsen, Jack D. Merwin; Harcourt Brace Jovanovich,
Inc.; New York.

2 Stanford Achievement Test, Level 2, Form A (for use
only with hearing—impaired students as part of the
special achievement testing procedures devised
by the Annual Survey of Hearing Impaired Children
and Youth, Office of Demographic Studies, Gallaudet
College, Washington, D.C.); 1972; Richard Madden,
Eric F. Gardner, Herbert C. Rudman, Bjorn Karlsen,
Jack C. Merwin; Harcourt Brace Jovanovich, Inc.;
New York.

3 Stanford Achievement Test, Primary 1 Battery,
Form W; 1964; Truman L. Kelley, Richard lMadden,
Eric F. Gardner, Herbert C. Rudmanj; Harcourt
Brace Jovanovich, Inc.; New York.

4 Stanford Achievement Test, Primary 2 Battery,
Form W; 1964; Truman L. Kelley, Richard Madden,
Eric F. Gardner, and Herbert C. Rudman; Harcourt
Brace Jovanovich, Inc.; New York.

5 Stanford Achievement Test, Intermediate 1 Battery,
Form W; 1964; Truman L. Kelley, Richard Madden,
Eric F. Gardner, Herbert C. Rudman; Harcourt
Brace Jovanovich, Inc.; New York.

6 Stanford Achievement Test, Intermediate 2 Battery,
Form W; 1964; Truman L. Kelley, Richard Madden,
Eric F. Gardner, Herbert C. Rudman; Harcourt
Brace Jovanovich, Inc.; New York.
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7 Science Research Associates, Achievement Series,
Primary 2, Form F; 1972; Robert A. Naslund., Louis
P. Thorpe, and D. Welty Lefer; Science Research
Associates, Inc.; Chicago.

8 Science Research Associates, Achievement Series,
Multi-Level Forms E & F; 1972; Robert A. Naslund.

Louis P. Thorpe, and D. Welty Lefer; Science
Research Associates, Inc.; Chicago.

grade placement; and a, b, and ¢ are parameters to be
estimated for a particular group and posttest. By CAI final
grade placement we mean the grade-placement score assigned
the student by the computer at the end of the year.

For the presentation of data, it is useful to have some
abbreviations for the various groups, curriculums, and
posttests. The abbreviations we use are presented in Table
19; the last digit indicates the posttest according to Table
18.

Table 19

Codes for Groups, Curriculums, and Posttests

Code Group Curriculum

DR2 Dallas Reading

M1 Florida Mathematics

OL5 Oklahoma Language Arts

OL6 Oklahoma Language Arts

OM4 Oklahoma Mathematics

oM5 Oklahoma Mathematics

ore Oklahoma Mathematics

OR5 Oklahoma Reading

OR6 Oklahoma Reading

TL4 Austin, Houston, Language Arts
San Antonio

™3 Austin, Houston, Mathematics
San Antonio

™4 Austin, Houston, Mathematics

San Antonio

The correlation coefficients given by the regression
models were high, as shown in Table 20. In only two cases,
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Table 20

Correlation Coefficients (R) for the Linear and
Quadratic lodels for the Deaf Schools, 1973-1974

Code for group, R for model 1 R for model 2
curriculum, posttest N (linear) (quadratic)
DR2 21 .515 .539
FH1 34 .336 .521
OL5 26 .791 .832
OLb 47 .548 .549
oM4 21 .823 .829
oM5 26 .838 . 849
OM6 36 .756 .791
OR5 23 .544 .746
OR6 16 .693 .726
TL4 21 .765 .766
™3 34 .708 .708
M4 20 .829 .829

Florida mathematics and Oklahoma reading, does the quadratic
model substantially improve the correlation coefficient,
indicating that in general there is a fairly good linear
relationship between standardized test scores and CAI final
grade placement.

Figure 1 shows a typical scatterplot with posttest
scores plotted on the ordinate and final grade-placement
scores plotted on the abscissa. The regression 1line is
shown as well. The figure is representative of most of the
groups shown in Table 20. These data indicate that linear
regressions can be used to obtain acceptable predictions of
standardized test scores.

A more traditional study of gains was reported by the
Florida School for the Deaf (Prokes, 1975). Deaf children
are ordinarily expected to advance one-half year for each
year of instruction. In the Florida School the gains in
mathematics have exceeded this expectation since the
introduction of CAI. A group of 85 children had a CAI
grade—~placement average in mathematics of 2.5 in November of
19743 in January of 1975 this average had increased to 3.6.
This is a growth of 1.1 years in a nine-week period.
Similarly, a group of 36 students advanced from 4.6 to 5.4
in a nine-week period-—a growth of 0.8 years. Such rapid
movement cannot, of course, continue over a long period but
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Figure 1. Scatterplot and regression line for posttest
3 and final grade placement of the mathematics curriculum at
the schools for the deaf in Austin, Houston, and San Antonio
(y = .37x + .97).
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reflects what can happen when a new method of instruction is
presented to handicapped students and they are thereby given
an opportunity to make rapid progress. (A detailed
assessment of the cognitive research on elementary
mathematical skills of handicapped students is to be found
in Suppes, 1974.)

W. J. McClure (1976), the president of the Florida
School for the Deaf and L. L. Prokes (1976), the Supervising
Teacher of the Intermediate Department, have reported
success with CCC’s reading and language arts curriculums.
Preliminary results are available for 163 students who were
enrolled in the curriculums on October 1, 1975. The
students were enrolled at grade level 2.5 in reading and 3.0
in language arts. Table 21 shows the number of students who
had reached higher grade levels by March 9, 1976. Most of
the children still in the beginning 1levels of the two
courses are children who were enrolled in CAI curriculums in
spite of the fact that they were performing below the entry
levels in October.

Table 21

Number of Students at Florida School for the Deaf
Attaining Various Grade Levels
After 5.5 Months of Instruction, 1974-1975

Grade level Reading curriculum Language Arts curriculum

2.5 28 -2
3.0 40 58
4.0 58 70
5.0 30 30
6.0 9 8

Course 2 2
complete

aData not available.

Dolton, Illinois
In December of 1974, the South Metropolitan Association

for Low-Incidence Handicapped (S.M.A.), one of 13 regional
service agencies in Illinois, acquired a CAI system of 25
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terminals from CCC. Data were collected on 198 students
during the five-month period from January 1975 until the end
of May 1975. 0f these students, 148 had disabilities as
follows: 32 hard of hearing, 20 deaf, 2 partially sighted,
13 multiply handicapped hearing-impaired, 14 orthopedically
handicapped, 23 severe learning disability and emotionally
disturbed, 31 socially and emotionally maladjusted, and 13
educable wmentally handicapped. The remaining 50 students
were nonhandicapped who used the terminals when they were
not being used by the bandicapped students.

According to Raymond St. Aubin (Evaluation of C.A.I.
as Used by Various Handicaps, 1975), Assistant Director of
S.M.A., achievement results in terms of CAI grade-placement
during the five-month period are impressive. Table 22, Table
23, and Table 24 summarize these results, which should be
viewed 1in light of the fact that the academic growth of
handicapped children is expected to be considerably slower
than the growth of a nonhandicapped child. For a multiply
handicapped deaf child, for example, a gain of two or three
months of measurable progress in a ten-month school vyear is
considered by most educators of the deaf as evidence of a
productive and worthwhile year. St. Aubin also points out
that for a variety of reasons, some correctable and some
not, the majority of students did not average 10 minutes per
day per subject, which is the amount of time recommended by
CCC.

St. Aubin writes that teacher response to CAI 'can only
be described as excited and positive.' This attitude was
indicated by responses to a questionnare administered to the
teachers concerning their CAI experience, and, perhaps more
significantly, by the fact that throughout the vyear, in
telephone conversations and classroom visits, teachers
consistently reported that they were very pleased with the
system. They .noted the growth they saw in their students in
the academic and self-image areas and cited specific
incidents such as the following to support their feelings.
One student with severe behavior disorders was sent to the
CAI laboratory only because he could not be controlled
during his gymnastics class. The teacher hoped she could
use the computer as a motivating factor and in two to three
weeks have him using the program. After three days in the
program, he was no longer a behavior problem while working
at the terminal; in fact, he preferred to work on the
terminal and was willing to control himself to earn that
opportunity.

Another student with severe learning disability and
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Table 22

Mean Gain in Months in CAI Grade Placement in Mathematics
for Dolton Students Over a Five-month Period, 1974-1975

Type of handicap N Mean gain in months
Hard of hearing 9 8.5
Deaf 16 3.2
Partially sighted 2 3.0
Multiply handicapped deaf 10 5.5
Orthopedic 13 3.7
Severe learning disability 24 3.8

and behavior disorder
Educationally handicapped 19 3.0
Educable mentally handicapped 11 3.1
Nonhandicapped 18 2.7
Total 122 4.05

Table 23

Mean Gain in Months in CAI Grade Placement in Reading
for Dolton Students over a Five-month Period, 1974-1975

Type of handicap N Mean gain in months
Hard of hearing 18 .2
Deaf 20 2.9
Multiply handicapped deaf 10 2.0
Severe learning disability 13 .6
and behavior disorder
Educationally handicapped 19 2.3
Total 80 1.6

behavior problems worked 69 exercises in one session. The
teacher reported that these were more exercises than the
student had worked in the classroom in four months. Several
students had to overcome difficult pbysical barriers to use
the terminal. One partially sighted student, in particular,
would sit hunched over the terminal wusing a special low-
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Table 24

Mean Gain in Months in CAI Grade Placement in Language Arts
for Dolton Students over a Five-month Period, 1974-1975

Type of handicap N Mean gain in months
Hard of hearing 11 2.2
Deaf 6 1.3
Partially sighted 2 1.0
Multiply handicapped deaf 8 3.2
Orthopedic 3 3.3
Severe learning disability 1 6.0

and behavior disocrder

Educable mentally handicapped 2 5.5
Nonhandicapped 11 3.7
Total 44 3.2

vision magnifier and light designed to help him read the
printout.

Some teachers were afraid that relating to a machine
might take away the motivation of students to attempt to
learn to relate to other persons. This fear proved
groundless; on the contrary, teachers found that students
using the computer showed an increase in their ability to
relate and communicate with other people. St. Aubin feels
that the opportunity to work individually and at their own
ability levels seems to cause the students to feel better
about themselves and about their school.

Isleta, New Mexico

Students in the public school at the Isleta Pueblo in
New Mexico have shown impressive gains in mathematics since
the installation of CAI equipment. Table 25 shows mean gains
for four classes of students for the seven-month period from
November 1, 1975, to May 30, 1975. Every class showed an
average gain of more than one month per month in the
program. The total group, 98 students, averaged 9.34 months
growth for the seven months, giving an average growth rate
of 1.33 months per month.

Data gathered from Isleta during the 1973-74 school
year were used in the same way as data from the deaf schools
to study the relationship between CCC grade-placement values
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Table 25

Mean Gain in Months in CAI Grade Placement in Mathematics
for Four Classes of Isleta Students Over
A Seven-month Period, 1974-1975

Class N Mean gain in months Standard deviation
1 24 11.00 3.58
2 24 9.04 2.72
3 24 8.33 2.79
4 24 9.08 3.88
and standardized test grade equivalents. The achievement

tests used by Isleta are numbers 7 and 8 in Table 18.

The same regression models were considered as were
considered for the deaf schools, that is, equations (1) and
(2) given earlier. Results of the regression analysis are
shown in Table 26; in column one, the first letter stands
for 1Isleta, the second letter denotes the subject area—-—
mathematics, reading, or language arts—-and the last digit
indicates the posttest according to the code established in
Table 18.

Table 26

Correlation Coefficients (R) for the Linear and
Quadratic Models for Isleta, 1973-1974

Code for group, R for model 1 R for model 2
curriculum, posttest N (linear) (quadratic)
I1L7 29 .841 .858
M7 70 .822 .824
M8 52 .691 .697
IR7 35 .848 .849

Figure 2 and Figure 3 show typical scatterplots and
the regression lines for Isleta; again, posttest scores are
plotted on the ordinate and final grade-placement scores on
the abscissa. As in the case of data from the deaf schools,
the linear model is not substantially improved by adding the
quadratic term. The correlation coefficients are relatively
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Figure 2. Scatterplot and regression line for posttest
7 and final grade placement of the mathematics curriculum at
Isleta (y = .98x + .20).
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high, indicating that there is a predictable linear relation
between CAI final grade—placement scores and standardized
posttest grade equivalents.

Meridian, Mississippi

J. A. Hefter (1976), Coordinator of Federal Projects in
the Meridian Public Schools, sent us two monthly progress
reports (West End Elementary School, 1975, 1976) showing
that students in Grades 2 through 4 in Meridian averaged
gains of at least 0.1 years per month in CCC’s mathematics
grade—placement scores, while the average monthly increase
for students in grade 5 was (.09 years. The gains are
especially significant in view of the fact that the
anticipated growth rate for these students in mathematics
has been about one-half year in one school year. Table 27
shows the average gains for the four-month period between
October 1975 and January 1976 for each grade level.

Table 27

Mean Gain in Years in Mathematics Grade Placement
for Students in Meridiam over a Four-month Period, 1975-1976

Grade N Mean gain in years Standard deviation
2 44 .59 .30
3 32 .40 .30
4 41 .49 .31
5 33 .35 A4b

Of special dinterest in Meridian is a class of 24
educable mentally retarded students. These students showed
an average gain of 0.55 years during the four-month
reporting period. This average is well over 0.l years per
month; in fact only 7 of the 24 students showed a gain of
less than 0.1 years per month during the four months. Two
of the students gained 1.3 years and two others gained at
least 0.8 years.
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San Dimas, California

Students

participated in CCC’s

end of November
interesting

grade

placement. Students
according to the amount

in Grades 2

through
mathematics strands program
1974 through the
results were

5 in San Dimas

from the
end of April 1975. Some

obtained relating the amount of
time spent in CAI sessions to amount of gain in terms of CAI
into four groups
time they had spent at the
computer terminals. Students in Group A had spent from 0 to

of

were divided

4 hours; students in Group B had spent from 4 to 7 hours;
students in Group C had spent from 7 to 10 hours; and
students in Group D had spent from 10 to 16 hours. Table 28

shows the progress of

each group; in the table
for the individual grade levels have been combined.

Table 28

Mean Gain in Years in Mathematics Grade Placement
According to Time Spent at Computer Terminals
by San Dimas Students, 1974-1975

the results

Mean time in CAI Mean entering Mean final Mean

Group N (hours:minutes) grade placement grade placement gain
A 11 2:18 1.96 2.29 .33

B 42 5:51 2.08 2.52 yas

C 58 8:26 2,18 2.98 .80

D 42 11:48 3.07 4,16 1.09
Total 153 8:12 2.38 3.13 .75

As Table 28 shows, the groups that spent the most time

on the system made the greatest gains; this trend was
consistent within each grade level as well as for the total
group. The point is well illustrated by the 42 students in
Group D who averaged 11 hours 48 minutes on the system and
gained 1.09 years during the five-month period and the 42
students in Group B who averaged only 5 hours 51 minutes on
the system and gained only 0.44 years.
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Gulfport, Mississippi

In a personal communication, Ray Bishop (1976),
Director of Instruction for the Gulfport Municipal Separate
School District, reports that students in Gulfport have
shown a substantial increase in gains on standardized tests
since the acquisition of CAI. During the 1974-1975 school
year, 81 CAI students in the fourth through sixth grades
showed average gains of 1.3 years on the mathematics section
and 0.9 years on the reading section of the Metropolitan
Achievement Test. During the preceding year, a comparable
group of students without CAI showed gains of 0.4 years in
mathematics and 0.3 years 1in reading on the same test, and
in the year before that, the gain in reading was a similarly
low 0.4 years.

Los Nietos, California

In the Los Nietos SChool District, CCC’s Reading 3-6
curriculum has been implemented in five schools in Grades 4

through 8. To test the effectiveness of CAI, progress in
reading was measured in May 1974 and May 1975 by the
California Test of Basic Skills (CTBS). Results are

reported in an unpublished paper by N. D. Crandall (CAIL:
Its Role 1in the Education of Ethnic Minorities, 1975),
District Program Director. Approximately 900 students whose
scores were 1in the lowest and second-lowest quartiles (Ql
and Q2, respectively) in the district, were evaluated.

These children do not normally show a year’s gain for a
year in school, but in the 1974-75 school year, when the
only identifiable new variable was CAI, students in every
grade level averaged at least one year’s gain in every
content area, with two exceptions in Grade 8. These results
are shown in Table 29.

Table 29 shows that students achieved gains of almost
two years or more at many levels. According to Crandall,
some encouraging phenomena relating to student attitudes
have been observed since the introduction of CCC’s
curriculum. Teachers have remarked on the enthusiasm of the
students toward using the terminals and have noted that
students who have been the most difficult to handle appear
to be particularly attracted to the medium of CAI. 1In
addition, Crandall reports that children make intensive use
of the computer terminals before and after school, and
truancy, tardiness, and vandalism have been reduced.
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Table 29

Mean Gain in Years by Los Nietos Students in One Year
As Measured by the CTBS, 1974-1975

Reading English English
vocabulary mechanics expression Spelling
Grade Q Q Q Q Q Q Q Q
5 1.9 1.8 1.6 2.1 1.7 1.8 1.0 1.4
6 l.g 1.8 1.7 2.0 1.2 1.9 1.3 2.1
7 - 1.4 - 2.2 - 1.5 - 1.1
8 1.4 1.7 .5 2.1 .7 2.3 1.1 1.8

a .
Data not available.

Seattle, Washington

Jerman, Schwada, and Smith (Highline Computer-Assisted
Instruction Project 1974-1975, 1975) report data of fifth-
through ninth-grade students in Seattle who were at least
one year below grade level in language arts and who
participated in CCC’s reading and language arts curriculums
during the 1974-75 school year. There were 151 students in
the reading program and 120 students in the language arts
program. Students were pretested in September and
posttested in March with the Comprehensive Tests of Basic
Skills (CTBS). The CAI program was available to the
students for six months, but because of scheduling problems
and poor attendance the standardized test score gains were
related to a "CAI month." One CAI month was defined to be
2.5 clock hours at the terminal in a particular subject.
The definition reflects the amount of time students were
scheduled to work at the terminals each month. Using this
definition, the average grade-placement gain for all
students was 1.91 months per CAI month in reading and 2.87
months per CAI month in language arts.
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Conclusion

We would like to make four main remarks in summarizing
the results reported in this paper.

1. At least four kinds of studies are included in this
survey. First, there are studies that measure grade
placement gains with standard achievement tests to analyze
the results of the use of CAI. Second, there are studies
that report gains made in CCC’S curriculum as measured by
the grade placements that are built into each of the three
curriculums. Third, there are linear regression studies of
the relaton between grade placements in the CAI curriculums
and standardized test scores. Finally, there are anecdotal
reports of student and teacher attitudes in a variety of
settings. Certainly the variety of studies does not exhaust
the possibilities, but it does give a broad assessment of
computer—~assisted instruction as provided by CCC’s three
basic curriculums in mathematics, reading, and language
arts.

2. The variety of studies covers a wide range of
student populations. Results for disadvantaged wurban
students, many of whom are members of minority populations,
are reported from Houston and Fort Worth, Texas. Reports
for disadvantaged students in suburban areas are represented
by studies from Freeport, New York, and San Dimas,
California. Reports from small wurban enviromments that
include many minority students are represented by the
Gulfport and Meridian, Mississippi studies. Results for a
rural population of native Americans are reported from
Isleta, New Mexico. Finally, the studies from the schools
for the deaf in Florida, Illinois, Oklahoma, and Texas
provide a variety of results for handicapped students, many
of them with multiple handicaps.

3. Several of the studies correlate time spent at
computer terminals with grade placement gains in the CAI
curriculums. These studies reproduce the positive linear
relationship that has been found in previous work of the
same sort, for example, that reported in Suppes, Fletcher,
Zanotti, Lorton, and Searle (1973). We would not expect to
be able to find linear gains with indefinite increases in
the amount of time spent at computer terminals, but it is
clear, from the studies reported here and from other
studies, that for a fairly wide range of time measurements
an approximate linear relaton holds very well. We can
conclude that students who need to increase their gains
should be assigned additional CAI sessions.
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4, The many studies reported in this survey show quite
positive results for the  use of computer-assisted
instruction in basic skills, and these results seem to hold
for a variety of measures of gain and for a wide variety of
student populations. Broadly speaking, these results are
consistent with others reported in the literature referred
to in the introduction. It should be noted that they also
agree with a large number of studies of organized drill and
practice in basic skills. The research literature since the
1920s has indicated the importance of carefully organized
drill and practice regimes for the development and
maintenance of basic skills in mathematics, reading, and
language arts. (For a review of this literature, see
chapter 5 of Suppes, Jerman, & Bryan [1968].) Perhaps the
central role of computer—assisted instruction in basic
skills is to provide an efficient and, from the teacher’s
standpoint, painless method of delivering a continual stream
of individualized exercises to students and automatically
evaluating their answers.
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