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The purpose of this study was to compare the Chapter I

supplemental mathematics program CAI with other Chapter I supplemental

mathematics programs, Prescription Learning and the traditional

"pull-out" program, in terms of achievement and retention of

mathematics basic skills.

There were 577 Chapter I students from 12 middle schools and 3

elementary schools in the Portland Public School District in Portland,

Oregon, who participated in the study. The subjects in the three

treatment groups, CAI, Prescription Learning, and the traditional

"pull-out" program, were naturally assembled.

Students in all treatment groups were pretested prior to their

treatment. After one academic year, subjects were post-tested. The

fall to spring difference in scores was used to measure achievement.

Subjects were post-tested again in the succeeding fall. The difference



in the first post-test and the second post-test was used to determine

retention over the summer months. The criterion instrument used was

the Portland Achievement Levels Tests.

A one-way analysis of covariance with the pretest as the

covariate measure was used to statistically test the null hypotheses.

F-ratios were computed and evaluated to determine whether group

differences on criterion measures were significant.

The Findings

Four hypotheses were tested in this study. Two were related to

achievement and two were related to retention. The results of testing

the hypotheses indicated:

1. The achievement of Chapter I students receiving CAI

supplemental instruction in mathematics basic skills is

significantly higher than the achievement of Chapter I

students receiving supplemental mathematics instruction

by either Prescription Learning or the traditional

"pull-out" program; and

2. The retention of Chapter I students receiving CAI

supplemental instruction in mathematics basic skills is

not significantly different from the retention of

Chapter I students receiving supplemental mathematics

instruction in basic skills by either Prescription

Learning or the traditional "pull-out" program.
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A COMPARISON OF COMPUTER-ASSISTED INSTRUCTION WITH PRESCRIPTION

LEARNING AND THE TRADITIONAL "PULL-OUT" PROGRAM USED IN SUPPLEMENTING

INSTRUCTION OF MATHEMATICS BASIC SKILLS TO CHAPTER I (TITLE I) STUDENTS

CHAPTER I

INTRODUCTION

Background for the Study

Dr. Sidney Pressey was the pioneer of teaching machines. He

developed an apparatus in 1915 that was self-recording and exhibited

multiple-choice reactions. Later, this was improved and expanded by

B. F. Skinner at Harvard University in the 1950's. Skinner began using

the teaching machines as a technique for applying his theories of

learning. His learning theories were developed after extensive

experimentation with controlling behavior by selective rewards.

Skinner felt the traditional classroom did not provide reinforcement or

strong enough rewards often enough to stimulate effective learning.

The teaching machine would offer a solution to his problem by providing

immediate rewards in the form of validating the student's response.

The teaching machine would be like a student's private teacher.

According to Skinner, a teaching machine must provide:

1. Direct interchange between student and programmer which
will induce sustained activity (response and feedback).

2. A certainty that each step is clearly understood before
the student moves on to the next step.
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3. Control of the sequence so that students are exposed to
new material only when they have been thoroughly
prepared and success is very likely.

4. A sufficient indication of the correct answer (called
cues, clues, hints, etc.) to maintain a low error rate.

5. A method of immediate reinforcement that will maintain
and strengthen the desired behavior pattern (correct
response).

-- Fry (1963, p. 2)

By 1955, Skinner had developed a number of different machines.

They lacked the ability to compare the correct answer to a student's

response and did not properly reinforce. In 1956, Skinner put his

theories to work with IBM and developed a teaching machine combining

the capacity of the computer with input through the use of a

typewriter. By 1958, IBM was marketing the IBM 650 digital computer

with an electric typewriter for input programmed to teach binary

arithmetic. The machine was unique because:

1. It provided knowledge of the results as soon as an

answer was typed. Each problem was checked in

50 milliseconds.

2. It selected new problems based on a student's

performance.

The new technology was viewed by educators as the "ultimate

teaching technique" (Frenzel, p. 187). This excitement quickly died

when the costs of this machine became prohibitive to the educational

institutions.

Attention turned to creating books that track students into their

level of achievement and supply them with correct responses. Much of

the beginning programmed books followed the format of Homme and Glaser



(1959). Gagne was interested in the branching process of the

computer. He related the process to the learning of tasks and

developed a hierarchy of capabilities that have been defined as Gagne's

learning theory. Programmed instruction was an outgrowth of his

theory. Skinner felt his teaching machines were superior to these

programmed books. Controlled studies in 1960 showed no evidence to

support Skinner. Eigen and Komoski (1960) studied the teaching of

mathematics to 74 high school students and found no significant

difference in achievement between students who used the programmed book

and those who used the teaching machine. Roe (1960) studied programmed

texts, teaching machines, programmed lectures, and standard lectures.

His results indicated that standard lectures were inferior to the other

methods and there was no significant difference between teaching

machines and programmed texts.

Programmed instruction in the mid-1960's was combined with the

computer to create what is now called Computer-Assisted

Instruction (CAI). The expense of CAI limited its use to college

campuses where it was time-shared with the university's main system.

Research was conducted on the technology and the branching techniques

rather than CAI's effectiveness.

The Need for Study

CAI has gained new momentum in the last 5 years with the

decreasing costs of computers and with the introduction of

microcomputers. The number of computers in public schools has tripled
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between fall 1980 and spring 1982 from 31,000 to 96,000 (Aeppel,

1982). Frenzel (1980) reports that when computers are used for

instructional purposes, they are mainly used for drill and practice in

reading and mathematics skills. There is a need for research that

focuses on student achievement and retention using CAI for drill and

practice in mathematics skills. A major justification for this kind of

research is the need of certainty that CAI is an effective

instructional method. This information can assist computer

implementation decisions that are presently being based on pressure

from media, parents, and school boards.

Recent research has investigated the effectiveness of CAI in

mathematical achievement. An extensive amount of this research (Suppes

& Morningstar, 1969; Beech et al., 1970; Suppes & Morningstar, 1972;

Saracho, 1982; Suppes et al., 1975; Watkins & Webb, 1981; Sherman,

1977; Akkerhuis, 1975; Fisher, 1974; Davies, 1972; Street, 1972;

Caldwell, 1980) has compared traditional instruction with CAI. With

the exception of Street, these studies show CAI for mathematics is as

effective as traditional classroom instruction. The major goal of the

study by Street was to determine CAI's effectiveness on Title I

students versus other Title I instructional methods. The other Title I

instructional methods consisted of programmed instruction, an aide

assisting the teacher, and the traditional instruction. From all the

studies, no one set of conclusions can be drawn about the effectiveness

of CAI. CAI is apparently effective as a supplement to regular

instruction, particularly for disadvantaged students. Few researchers



5

have investigated the superiority of CAI to other instructional

methods and there have been no documented studies comparing CAI with

other instructional media.

Since one of the primary objectives of education is to enhance

retention of a subject matter that had been taught, research has been

investigating when feedback on a task should be provided so that

retention is optimized. Work by such theorists as Hull, Skinner, and

Thorndike, emphasizing immediate feedback and knowledge of results, has

been widely accepted by educators in the past. Gestalt theory and

research concerned with task completion strongly suggest that delayed

feedback will lead to greater retention than immediate feedback. This

theory is in direct contradiction with the CAI process which is an

outgrowth of Skinner's work. There is a large amount of research

comparing the effects of the different times for feedback on

retention. Feedback on tests is the major emphasis of this research.

The research on feedback of tasks is limited, and there is an absence

of research on retention of CAI in drill and practice of mathematics

skills.

The above discussion has identified the following facts that

suggest the need for the present study:

1. Little research has focused on comparing CAI with other

methods of instruction, particularly other

instructional media.

2. Retention is a necessary condition for academic

achievement. Psychologists feel the timing of feedback

is important for retention.
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3. Further research into the effectiveness of CAI can

provide useful information for making decisions on

computer implementation.

In response to the above facts, the main goal of this study is

the evaluation of supplemental instruction for Chapter I students in

mathematics. CAI's effectiveness in achievement and retention is

compared to Prescription Learning and the traditional "pull-out"

program. The first part of this study compares the achievement gains

of the three methods of instruction used to teach mathematics to

Chapter I students. The study then investigates the retention of these

students over the summer months.

The Problem

The main purpose of this study is to compare the Chapter I

supplemental mathematics programs (CAI, Prescription Learning, and the

traditional "pull-out" program) in terms of student achievement and

retention of basic mathematics skills.

Null Hypotheses

Hypothesis I. The achievement of Chapter I students who are

taught basic skills in mathematics by supplementing instruction with

CAI will not be significantly different from the achievement of those

Chapter I students who are supplemented with Prescription Learning.
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Hypothesis II. The achievement of Chapter I students who are

taught basic skills in mathematics by supplementing instruction with

CAI will not be significantly different from the achievement of those

Chapter I students who are supplemented with the traditional "pull-out"

program.

Hypothesis III. Retention by Chapter I students who are taught

basic skills in mathematics supplemented with CAI will not be

significantly different from the retention of those Chapter I students

who are supplemented with Prescription Learning.

Hypothesis IV. Retention by Chapter I students who are taught

basic skills in mathematics supplemented with CAI will not be

significantly different from the retention of those Chapter I students

who are supplemented with the traditional "pull-out" program.

Assumptions

The following assumptions are inherent to this study:

1. Portland Chapter I students lack basic skills in

mathematics;

2. The methodologies used by teachers in Chapter I classes

emphasize the goals and objectives of the Portland

Public Schools;
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3. The Portland Achievement Levels Tests is a valid and

reliable instrument which measures a student's

placement in equal intervals on the curriculum

continuum; and

4. The Rasch model is a valid method of item analysis.

Limitations

The following limitation applies to this study:

The study is limited to Chapter I students who will

be administered all three Portland Achievement Levels

Tests. These students will also have remained in one

method of supplemental instruction for the studied school

year.

Delimitations

The following delimitations apply to this study:

1. Knowledge of facts and principles related to basic

mathematics skills on the Portland Achievement Levels

Tests is the only factor of concern in this study; and

2. This study does not compare the traditional "pull-out"

program with Prescription Learning.

3. This study does not attempt to evaluate teachers.



9

Design of the Study

Population. The study is being conducted in the Portland Public

Schools in Portland, Oregon, during the 1981-82 and the 1982-83 school

years. The study involves all Chapter I students in grades five

through eight who: 1) are tested both fall and spring of the 1981-82

school year, 2) receive supplemental mathematics instruction and remain

in the instructional group for 75 percent of the school year, and

3) are tested in the fall of 1982.

Instrumentation. The Portland Achievement Levels Tests is being

used as the testing instrument. All students are to tested at the same

time. If a student is absent or scores out of his expected range, a

retest is to be given no later than 3 weeks after the original

testing. An evaluation of the Portland Achievement Levels Tests is

presented in Appendix B.

Procedure. The study takes place over 12 months. Because of

policy, each Portland school in this study is to determine its method

for supplementing mathematics instruction to the Chapter I students.

The method of instruction may be either CAI, Prescription Learning, or

the traditional "pull-out" program. Before receiving instruction,

students are to tested at the beginning of the study, at the end of the

school year's instruction, and at the beginning of the succeeding year.

Achievement is to be determined by the difference in the spring

1982 and the fall 1981 test scores. Retention is to be determined by

the difference in the fall 1982 and the spring 1982 test scores.



The Design.

Figure 1
The Design

10

Students Pretest Treatment Post-Test 1 Post-Test 2

CAI
N = 80

All Chapter I Portland Prescription Portland Portland
Supplemental Achievement Learning Achievement Achievement
Math Students Levels Tests N = 225 Levels Tests Levels Tests
in Grades 5-8

"Pull-out"
N = 272

The design shows all Chapter I mathematics students receiving

supplemental instruction in grades five through eight are to be

included in the study. Each student is to be pretested with the

Portland Achievement Levels Tests. Independent treatments of CAI,

Prescription Learning, or the traditional "pull-out" program will then

be administered. After the treatment, all students are to be

post-tested twice using the Portland Achievement Levels Tests. The

first post-test is to be used to determine achievement, and the second

post-test is to be used to measure retention.

Method of Analysis. Hypotheses I through IV are to be tested by

analysis of covariance. The covariate is the pretest.
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Definition of Terms

1. ACHIEVEMENT is the mastery of a specific area of knowledge.

Achievement will be determined by a gain from fall test

scores to spring test scores on the Portland Achievement

Levels Tests.

2. BASIC SKILLS in mathematics, defined in the Portland

Chapter I Manual (1981), are "those fundamental skills which

are required in order to obtain a good education" (Portland,

p. 35).

3. CHAPTER I of the Education Consolidation and Improvement Act

of 1981 supercedes Title I of the Elementary and Secondary

Education Act of 1965. Chapter I students, who were

previously called Title I students, are low achievers with

p-scores of less than 43 on the Portland Achievement Levels

Tests or are low socio-economically.

4. COMPUTER CURRICULUM CORPORATION (CCC) is the software

curriculum used in this study.

5. COMPUTER-ASSISTED INSTRUCTION (CAI) is working at the

computer on drill and practice exercises. CAI with

sophisticated diagnosing, branching, and record keeping can

continually assess a student's performance and branch to

those lessons which are at the appropriate level for that

student. Records are also maintained by CAI that consist of
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number of times at the terminal, time spent at the terminal,

number of problems completed versus number of problems given,

grade level performance, and level in instruction.

6. IMMEDIATE FEEDBACK refers to informing a student of the

correctness of his response upon completion of the problem so

that he may adjust his behavior to compensate for error.

7. PRESCRIPTION LEARNING is a method of instruction which uses

diagnostic information to individualize a student's

instruction through the use of a variety of media. Students

work independently or in groups with a computer, film loops,

programmed instruction, and workbooks.

8. RETENTION is the ability to store learned knowledge and to

recall the knowledge at a later date.

9. TRADITIONAL INSTRUCTION describes a classroom consisting of

students in a particular grade with varying mathematical

abilities and a teacher who instructs to the best of his/her

ability using the textbook adopted by the school district.

10. TRADITIONAL "PULL-OUT" PROGRAM removes Chapter I students

from elective courses to receive supplemental instruction in

mathematics in a lab setting. Since the Elementary and

Secondary Education Act of 1965, this has been the

traditional method of supplying supplemental instruction to

Chapter I students.



13

Outline for the Remainder of the Study

Chapter II presents a review of the literature related to CAI in

mathematics. Chapter III defines the methodology of this study. The

analysis and the findings of this study are reported in Chapter IV.

The summary, conclusions, discussion, and recommendations are presented

in Chapter V.
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CHAPTER II

REVIEW OF RELATED LITERATURE

Introduction

This chapter presents a summary of the published literature and

research which is relevant to this study. The chapter is divided into

the following sections:

1. The Goals for Computers in Mathematics Education

2. Basic Skills in Mathematics

3. A Survey of Selected Studies on Computer-Assisted

Instruction in Basic Skills

4. Contemporary Views Related to Educational Implications

of Computer Use in Developing Basic Skills

5. Summary

The Goals for Computers in Mathematics Education

The American system of education began with a commitment for

universal education. It was believed that an educated citizenry was

necessary for a working democracy (Willoughby, 1967). The main
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objective was literacy with a major focus on the methods of teaching

and the atmosphere of the schools. As the educational process

developed, emphasis in the late 1940's and early 1950's changed to not

only provide universal education but to also provide equality of

opportunity for the individual. This was termed individualized

instruction. In the last 2 decades, educational commitment has

expanded to include equality of education with "attention on individual

needs, significant achievement, and overall accountability"

(U.S. Congress, 1979). It was with this added commitment in mind that

the Elementary and Secondary Education Act (ESEA) of 1965 was passed.

Title I of this act provided federal funds for supplementing

instruction to low-achieving students.

In the 1960's, basic skills achievement was declining. With the

decrease in computer costs, educators were renewing their interest in

computers in hopes of assisting with the attainment of basic skills.

Title IV of the ESEA of 1965 supported major research and development

efforts for computers in education. These funds financed Suppes and

Atkinson of Stanford from 1964 to 1967 for their project, "An Automated

Primary Grade Reading and Arithmetic Curriculum for Culturally Deprived

Children." This project lead to the development of the software (CCC)

used in this study. In 1969, the U.S. Office of Education, through

Titles I and III of the ESEA, supported the planning and operational

uses of computers. According to Richard Otte (1978) of the National

Institute of Education, in terms of universality of education,

computers can provide "a variety of instructional strategies and

delivery modes and can be a useful and exciting means for expanding
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learning opportunities." Gerard (1965), Dean of Graduate Studies,

University of California at Irvine, listed his reasons for supporting

CAI instruction:

CAI will bring to the student: 1) better and faster
learning since the student can time his learning at his
convenience, go at his own pace, and catch up missed time,
2) better teaching at many levels and in many areas,
3) personalized tutoring, 4) automatic measurement of
progress, and 5) the opportunity to work with vastly richer
materials and more sophisticated problems. For the
teacher, the system: 1) takes away a great deal of drudgery
and repetition, 2) allows him to update effectively,
3) encourages frequent changes in the actual material used,
and 4) makes more time available for teacher/student
contact.

-- Gerard (1965, p. 23)

Gerard (1967) discussed these benefits of CAI in A Report of the

National Academy of Sciences to the Committee on Science and

Astronautics, U.S. House of Representatives and called attention to the

fact that CAI would be a valuable research tool. He also discussed the

impact of computers on the educational process and establishment. He

forecasted that the best materials will be produced by the master

teachers, and these materials will be widely used, repeated, and

upgraded. He also added that the shortage of teachers would be

relieved.

The President's Commission on Instructional Technology in 1970

advocated the use of technology in response to a demand for formal

education to be more aware of the learning process, particularly

individual differences.
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The National Council of Teachers of Mathematics (NCTM) in 1980

recommended in their An Agenda for Action eight goals school

mathematics programs should work toward in the 1980's. One of their

recommendations is directed toward the use of computers in schools.

NCTM stated in their recommendations:

Mathematics programs must take full advantages of the power
of calculators and computers at all grade levels.

NCTM (1980, p. 8)

Northwest Labs (1981) cited these five categories for computer

use in education:

I. Computers as an Instructor

1. Drill and Practice

2. Tutorial

II. Computer as a Laboratory

1. Data Analysis

2. Problem Solving

3. Simulation

III. Computer as a Calculator

1. Mathematical Calculations

IV. Computer as an Object of Instruction

1. Computer Literacy

2. Computer Science and Programming

3. Data Processing

V. Computer as an Instructional Aide

1. Computer Managed Instruction

2. Generator of Instructional Material

3. Information and Storage Network
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Basic Skills in Mathematics

The National Council of Supervisors of Mathematics identified the

10 basic skills areas for mathematics in their "Position Paper on Basic

Skills." These areas are: 1) problem solving, 2) applying mathematics

in everyday situations, 3) alertness to the reasonableness of results,

4) estimation and approximation, 5) appropriate computational skills,

6) geometry, 7) measurement, 8) reading, interpreting, and constructing

tables, charts, and graphs, 9) using mathematics to predict, and

10) computer literacy.

The term "basic skills" is not defined at the federal level. It

is the responsibility of each state department of education to define

their standard for basic skills. The Oregon Department of Education in

February 1980 revised the Oregon Standards for Public Schools. The

revised standard, Basic Skills Development OAR 581-22-402, states:

Each school district shall have a planned program for the
basic skills of reading, writing, and mathematics
throughout all levels of the school program. The district
shall develop, implement, and maintain procedures to:

1. Provide instruction in the basic skills of reading,
writing, and mathematics in all grades and shall:

a. Emphasize the attainment of basic skills through at
least grade 4, and

b. Increase emphasis on the application of basic
skills in all program areas as students progress
through the grades and acquire mastery of the
skills;

2. Establish the knowledge and skills in reading, writing,
and mathematics expected of students at the completion
of each grade through grade 8; and
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3. Provide appropriate curriculum and instruction in
grades 1 through 12 for students achieving less than
the knowledge and skills of reading, writing, and
mathematics expected of students at the completion of
each grade through grade 8, with the intention of the
students progressing toward the desired achievement.

-- Oregon (p. 1)

According to the Oregon Department of Education, each district's

planned program for basic skills in grades 1 through 12 should include:

1) a written program with course goals at the elementary and secondary

level, 2) instructional plans for meeting these course goals,

3) instructional materials to enhance goal achievement, and 4) an

evaluation of goal achievement and programs.

The Oregon Department of Education identified the following

fundamentals as minimum requirements to have for the attainment of

basic skills in mathematics. These are:

Solve a variety of written and nonwritten problems which
require that the student:

- gather, organize, and present data;
- devise or select solution strategies;
- select and use appropriate modes of computation; and
- sense reasonableness of answers and verify answers.

Use concepts of numeration: numbers, counting, numerals,
"place value," patterns, properties, and usefulness of
numbers.

Compute using whole numbers, fractions, decimals, and
percent in four modes: mental (including basic facts),
paper/pencil, calculator, and computer.

Understand informal geometry, including the concepts of
shape, basic properties, and the interrelationship of
simple geometric figures.

Know and apply basic concepts of measurement.

Be able to estimate and approximate, including the use of
rapid, approximate calculation and measurement techniques,
and determine the degree of precision required for each

problem.



20

Have a general understanding of probability, statistics,
graphing, and charts.

-- Oregon (p. 2)

The Oregon Department of Education also suggested, in evaluating

basic skills, that schools need to assess each student's progress and

determine educational needs. When students are not attaining goals,

instruction should be tailored to their individual needs. The Oregon

Department of Education further suggested that individualization can be

accomplished by: 1) giving special assignments and instruction during

regular mathematics class, 2) providing extra instructional time in a

regular classroom or on a "pull-out" basis, 3) assigning low-achieving

students to a special class, or 4) providing one-to-one or small group

instruction.

Educators agree the essentials of education are not just basic

skills. The essentials should include:

. . . the ability to use language, to think, and to
communicate effectively; to use mathematical knowledge and
methods to solve problems; to reason logically; to use
abstractions and symbols with power and ease; to apply and
to understand scientific knowledge and methods; to make use
of technology and to understand its limitations; to express
oneself through the arts and to understand the artistic
expressions of others; to understand other languages and
cultures; to understand spatial relationships; to apply
knowledge about health, nutrition, and physical activity;
to acquire the capacity to meet unexpected challenges; to
make informed value judgements; to recognize and to use
one's full learning potential; and to prepare to go on

learning for a lifetime.
-- Oregon (p. 10)

The Portland School District, in compliance with the Oregon

Standards, defined 13 goals for basic skills in mathematics. These

13 goals are:
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1. The student can add whole numbers;

2. The student can subtract whole numbers;

3. The student can multiply whole numbers;

4. The student can divide whole numbers;

5. The student can order, compare, rename, and represent

whole numbers;

6. The student can order, compare, rename, and represent

fractional numbers (fractions, decimals, and percents);

7. The student can compute with fractions;

8. The student can compute with decimals and percents;

9. The student can use knowledge of geometry;

10. The student can use knowledge of measurement;

11. The student can interpret and use graphs, statistics,

and probability;

12. The student can solve story (word) problems; and

13. The student can use the strategies and processes of

problem solving.

A Survey of Selected Studies on
Computer-Assisted Instruction in Basic Skills

The main objectives of researching technology, according to Gagne

(1974), are: 1) to obtain information about the instructional

effectiveness of the technology, 2) to increase the understanding of
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the function of the technology and the psychological effects on the

students, and 3) to enhance the educational process through improving

the use of the technology.

A search of the literature shows most CAI research to date is

aimed at the first objective.

Vinsonhaler and Bass (1972) reviewed over 30 different studies

using CAI in elementary schools to supplement instruction in basic

skills. They stated that there is rather strong evidence to support

the proposition that CAI is more effective than traditional instruction

when effectiveness is measured by standard achievement tests.

Jamison, Suppes, and Wells (1974) and Thomas (1979) also surveyed

research related to CAI. They concluded that CAI students made

significant increases in student achievement when measured by gains in

standard achievement tests or by tests built into the CCC curriculum.

Edwards (1975) reviewed published studies in CAI. She found the

research in this category to be divided into three parts:

1. Research comparing CAI instruction with traditional

instruction;

2. Research comparing traditional instruction supplemented

with CAI to traditional instruction; and

3. Research comparing CAI mastery time with traditional

instruction mastery time.

Edwards did not include those studies whose results and claims or

validity could not be verified. Overall, the studies investigated

showed that traditional instruction supplemented with CAI was more

effective than traditional instruction alone. When CAI replaced part
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or all of traditional instruction, studies were evenly divided as to

whether students achieved more with CAI or about the same as non-CAI

instruction. Students using CAI mastered content in a shorter period

of time than students in traditional instruction.

Suppes (Macken, 1976) published 11 studies conducted by school

districts using the CCC instructional system. Two designs were

represented in the studies. In the first design, the experimental

group consisted of students who spent time on the computer using the

CCC curriculum, and the control group represented students with zero

time on the computers. These studies analyzed the effect of the amount

of time spent on CAI. The studies in the design supported Suppes'

theory that the effects of CAI are directly related to time spent in

CAI. Suppes, Fletcher, and Zanotti (1975, 1976) detailed the

theoretical framework of this design. The second design was based on

evidence of Title I research. Title I students in traditional

instruction of basic skills make grade placement gains below a full

year gain. Suppes researched the grade placement gains of students

using the CCC curriculum. The studies using this design show favorable

results for using CAI to achieve greater grade placement gains than

with traditional instruction.

Fisher (1978) focused his study on the effects of students

choosing their own difficulty levels in a mathematics CAI program. The

study involved fourth and fifth graders of low income families. The

CAI program used was from the Computer Curriculum Corporation. At the

0.05 level of confidence, a significant difference was found between

the experimental group and the control group whose level of difficulty
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was computer-determined. The experimental group tended to ask for more

problems at a higher level of difficulty than their ability. The

achievement of the experimental group was lower than that of the

control group.

Maser (1977) studied second through ninth grade students using

the Hewlett-Packard mathematics CAI program. He discovered the

students achieved one month growth for each month of participation in

the CAI program. According to Maser, these results indicated that CAI

does not alter a student's growth.

DelForge and Bloeser (1977) tested students in a Jackson County,

North Carolina, elementary school using the Iowa Test of Basic Skills

Mathematics Subtest. Students who scored in the lower 45 percent were

placed on the computer using the CCC software for 10 minutes per day,

and the students scoring in the upper 55 percent were placed on the

computer 10 minutes per week. Students were post-tested using the same

instrument. A t-test comparison of pretest and post-test scores

indicated a significant increase in achievement at the 0.05 level for

the students scoring lower than 45 percent.

Hartley (1978) used meta-analysis to combine the results of

several studies in a survey of mathematics CAI used in elementary and

secondary schools. On the average, she found the performance of CAI

students to be equal to or better than the performance of non-CAI

students. She also found that elementary students make greater gains

than secondary students.
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Burns and Bozeman (1981) and Kulik (1981) supported Hartley's

findings. Burns and Bozeman also found the overall treatment effects

of drill and practice CAI to be lower than computer-based tutorial

instruction.

The Educational Testing Service (1979), under the supervision of

Majorie Ragosta, conducted the most comprehensive study to date on the

effectiveness of CAI. The purpose of the study was to provide

remediation of basic skills to Title I students through the use of

CAI. This study was conducted in the Los Angeles Unified School

District over a period of 4 years. The CAI programs in mathematics,

reading, and language arts were leased from the Computer Curriculum

Corporation. Four elementary schools were selected and the students in

grades two, four, and six were randomly assigned to the CAI

curriculums. Throughout the remaining 3 years, incoming students were

also randomly assigned to the CAI curriculums if they were in the

participating grades. The study provided controls from: 1) within

classrooms by having students take alternate CAI curriculums, 2) other

non-CAI schools, and 3) other years. Students were tested both fall

and spring with the Iowa Test of Basic Skills, the Comprehensive Tests

of Basic Skills, and curriculum specific tests. The statistical

findings (Ragosta, 1982) report that the CAI treatment effect was

obtained by regression analysis to determine the difference in

experimental and control group performance after adjustments were made

for pretest scores, sex, ethnicity, and specific classroom variables.

On the standardized tests of mathematics computation, the CAI

mathematics students showed significant progress. Mathematics CAI
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students did not show significant improvement in concepts and

applications. Students using the CAI programs in reading and lanaguage

arts "did not show the pattern of increasing performance over time

evident with use of the mathematics CAI curriculum" (Ragosta, 1982;

p. 6). Levin, Director of the Institute for Research on Education

Finance and Governance at Stanford University, prepared a cost analysis

of the CAI used in Ragosta's study. He found the 1977-78 level of

Title I expenditure could provide 30 minutes daily of CAI per Title I

student. This would allow for three sessions (one of each in reading,

language usage, and mathematics) of 10 minutes to Title I students.

Glass (Ragosta, 1983) compared CAI with other forms of instruction.

These instructional methods were reduction in class size, tutoring,

television, and calculators. His findings show that CAI "approximated

the effectiveness of mathematical tutoring."

Kearsley et al. (1983) reviewed over 30 major projects in

computer-based instruction. In their review of the CCC curriculum,

they stated that the major outcome of the curriculum was the

demonstration of the ability of the software to detail student

performance and generate student reports to model the learning process

of the student.

Many educators feel drill and practice is already overused by

teachers. Drill and practice is useful for students who know the

principles and procedures. It allows the student to apply these

learned principles and procedures in developing speed and accuracy. If

a student does not clearly understand how to attack a problem, the CAI

will be used not as a teaching aid, but rather as a testing
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instrument. Howe and DuBoulay (1979) suggested that CAI could be more

of a teaching aid if it provided feedback on each incorrect task. Most

drill programs only provide a response stating whether the answer was

correct or incorrect. They investigated information feedback which

tells the student why his response was incorrect. They found that

students who did not receive information feedback became frustrated and

began to guess at the correct response. Tail, Hartley, and Anderson

(1973) earlier claimed that information feedback produced performance

which was superior to reinforcement feedback.

Contemporary Views Related to Educational Implications
of Computer Use in Developing Basic Skills

Dr. John Sealy, before the House Committee on Science and

Technology (1979), stated:

The unique quality of the computer . . . is that it can
serve as a cognitive tool. It can be an active agent in a
way that books and television can not.

-- U.S. Congress (1979, p. 11)

Bortnick (1980) expressed his desire for CAI and its usefulness

in educational economy and teacher professionality. He said:

. . . because the computer is suited to provide drill
practice in the most economical and individual manner, it
can further serve to free the teacher to concentrate on the
interactive and explanatory activities necessary for
understanding . . . Such pressures as reflected in
declining enrollment, increased costs, and even increasing
competition for tax revenue, can shift some of the existing
expenditures to capital equipment that can result not only
in reduced costs for information processing and
instructional materials but also can help to increase
productivity of the staff.

Bortnick (1980, p. 32)
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In a report to school administrators, Northwest Labs (1981)

summarized the advantages of drill and practice as:

1. Detailed records of students' performances, both

individual and group, are maintained;

2. A variety of reports for planning students' learning

experiences can be generated; and

3. Students will learn at their own pace.

Suppes (1979), in testimony for the U.S. House of

Representatives, Committee on Science and Technology, Subcommittee on

Domestic and International Scientific Planning, Analysis, and

Cooperation said:

. . . like an athlete needs training and practice, so does
intellectual training.

Suppes (1979, p. 31)

Heuston (1980) stated that the computer provides a more

individual and less judgemental environment and is, therefore, more

"humane" than many teachers!

The use of CAI is being criticized by some educators. Filep

(1967) expressed a need for a more theoretical position. CAI should be

integrated with the process of how man learns. He stated that more

work should be done to develop better teaching strategies, such as

problem solving and the use of simulations.

Carson (1980) also claimed that students using CAI do not have

the opportunity to ask questions, to organize their ideas, to apply

their understanding to new situations, to learn to work with their
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peers to accomplish tasks, and to enhance their ability to develop

skills. He further suggested that CAI conditions students to think of

the computer as a boring tool over which they have no control.

The NCTM, in their An Agenda for Action, recommended in the

1980's that basic skills in mathematics should encompass more than

drill and practice. NCTM supports the 10 basic skills areas identified

by the National Council of Supervisors of Mathematics in "Position

Paper on Basic Skills." NCTM recommended that drill with numbers,

apart from the problem context, should be de-emphasized.

Recently, the National Science Board of the National Science

Foundation in their report "Today's Problems, Tomorrow's Crises" (1982)

claimed that mathematics courses in the lower grades emphasizing basic

computational skills instead of interpretation and application are

contributing to declining student participation and achievement.

Even if CAI is more effective, the issue of cost-effectiveness

has not been addressed. Molnar (1979) points out that human tutors for

individualized instruction would produce higher gains in achievement

than traditional instruction. Schools do not have the money to provide

for individual tutors. Molnar suggested that computers be put to the

test of justifying the investment of time and effort and the investment

of money.

According to Kearney (1983), CAI has been able to demonstrate the

potential of individualized instruction. However, this demonstration

has not advanced in a sophisticated fashion. Even so, computer-based

instruction should be viewed as a major educational innovation.

Teacher training will have to dramatically alter its instruction to
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include not only content but also training in problem-solving skills.

Research will have to investigate the ways to effectively integrate

computer use in classrooms.

Summary

Educators agree that computers will have an impact on mathematics

education. There has been a major effort on the part of mathematics

instructors to introduce all children at the elementary level to

computers and to continue their use at the secondary level.

Education is still in the infancy stage in defining and

implementing computers in schools. CAI, an outgrowth of programmed

instruction, is currently the most commonly used category of

computer-based instruction.

Research has identified the effectiveness of CAI in relation to

traditional instruction. This effectiveness is in achievement and

mastery of content when traditional instruction is supplemented with

CAI. However, studies have not investigated CAI's effectiveness in

relation to other instructional strategies or long-term retention.

Basic skills in mathematics has been defined by the State of

Oregon and Portland Public Schools in terms of behavioral objectives.

It is important to consider these objectives as only a part of

education that is essential for a productive and meaningful life.
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CHAPTER III

THE STUDY

The present chapter is divided into the following major sections:

1. Research Design

2. The Population

3. Description of Treatments

4. The Instrument

5. Collection of the Data

6. Data Analysis

Research Design

The design of this study is closely related to the quasi-

experimental design, the nonequivalent control group design, described

by Campbell and Stanley (1966). The form of the design in this study

post-tests twice, whereas Campbell and Stanley post-test once. The

design of this study is as follows:



32

01 - X1 - 02 - 03
01 - X2 - 02 - 03
01 - X3 - 02 - 03

where: X1 refers to the CAI treatment group

X2 refers to the Prescription Learning treatment group

X3 refers to the "pull-out" program treatment group

01, 02, and 03 refer to administrations of the Portland
Achievement Levels Tests

This design is appropriate for naturally-assembled classrooms,

especially when comparing similar groups such as Chapter I students.

In this study, a student's academic ability and academic achievement

were factors which could affect the criterion test scores. These

factors were controlled through the covariance technique in the

analysis. The assumptions underlying the analysis of covariance which

are: 1) intact groups and treatments occurring together naturally,

2) normal distribution, and 3) equal variances, have been met by this

design.

The Population

The population for this study consisted of all Chapter I students

in grades five through eight enrolled in the Portland Public Schools in

Portland, Oregon, who met the following criteria:

1. The students received supplemental instruction;

2. The students were enrolled in only one school during

the 1981-82 school year;
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3. The students spent at least 75 percent of the 1981-82

school year in one method of mathematics instruction;

4. The students were enrolled in a Portland Public School

in fall 1982; and

5. The students were administered the Portland Achievement

Levels Tests fall 1981, spring 1982, and fall 1982.

Chapter I students in Portland, Oregon, were selected by having

p-scores of less than 43 on the spring 1981 Portland Achievement Levels

Tests or by teacher recommendation. The form for teacher

recommendation is presented in Appendix A. Students in the Portland

Public Schools who were classified as Chapter I lacked basic skills in

mathematics.

The population for this study consisted of 577 students who met

the above criteria; 80 were in the CAI group, 225 were in the

Prescription Learning group, and 272 were in the "pull-out" program

group. These students represented 17 elementary schools and 7 middle

schools from the Portland District.

The following tables (Tables 1 and 2) summarize the distribution

of the treatment groups with respect to size, grade level, and sex.
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Table 1
Numbers by Grade Level of Treatment Groups

Grade Level

Treatment Groups N 5 6 7 8

"Pull-out" Program 272 153 69 47 3

CAI 80 30 18 27 5

Prescription Learning 225 22 96 95 12

TOTAL 577 205 183 169 20

Table 2
Numbers by Sex of Treatment Groups

Male Female

Treatment Groups N N Percent N Percent

"Pull-out"-Program 272 141 51.9 31 48.1

CAI 80 42 52.5 38 47.5

Prescription Learning 225 116 51.6 109 48.4

TOTAL 577 299 51.9 278 48.1

Description of Treatments

During the spring of 1981, the Portland Public Schools purchased

the Prescription Learning system from Prescription Learning Corporation

and the CAI programs from the Computer Curriculum Corporation to

supplement instruction in mathematics. These programs were purchased

with Chapter I funds. In order to implement the new programs the
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Portland Public School District chose four middle schools and one

elementary school for the Prescription Learning program and three

middle schools for the CAI programs. The remaining schools in the

District supplementing Chapter I students in grades five through eight

used the "pull-out" program, the traditional approach to supplementing

instruction to Chapter I students.

As seen in Table 3, all students in the study received

mathematics instruction in homeroom for 45 minutes each day. During

another 45-minute period, all students in this study received

Table 3
Mathematics Supplemental Instruction of Treatment Groups

Program

"Pull-out" Program

CAI

Prescription Learning

Daily Instruction

Homeroom: 45 min.
Lab: 45 min.

Homeroom: 45 min.
Lab: 35 min.
CAI: 10 min.

Homeroom: 45 min.
Lab: 45 min.

supplemental instruction. The treatments in this study represent three

methods of supplementing instruction. The "pull-out" method

supplemented instruction for 45 minutes per day in a lab setting. The

CAI method supplemented instruction for 35 minutes in a lab setting and

10 minutes on a computer terminal. The Prescription Learning method

supplemented instruction for 45 minutes per day in a lab setting.
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Instructional materials were consistent across homerooms.

Instructional materials used in the lab section of the CAI treatment

were consistent with the "pull-out" treatment. Instructional materials

in the Prescription Learning program were developed by the Prescription

Learning Lab and were matched with the Portland District's 13

mathematics goals. The main objective of the Portland Chapter I

supplemental mathematics programs used in this study was to teach the

goals and objectives of the mathematics curriculum.

Description of CAI. A total of 80 students from three middle

schools participated in the CAI mathematics program. Their 45-minute

mathematics lab was divided into two parts:

1. Students were instructed in mathematical concepts for

the first 30 to 35 minutes of the class; and

2. Students worked at the terminals for the last

10 minutes of the class period.

The terminals were interfaced to a minicomputer which serviced

Portland Schools only in CAI. All three schools used the same software

package, "Mathematics Strands, Grades 1-6," course from the Computer

Curriculum Corporation. The strands instructional strategy is used to

provide drill and practice exercises in basic mathematics skills. One

content area in a curriculum is represented by a strand. Each strand

is a string of related exercises which are arranged by their relative

difficulty. A computer program records a student's position and

performance for each strand. The computer will compare a student's

performance in each strand with a preset performance criterion to

determine if: 1) a student needs more practice at the same level of



37

difficulty within a strand, 2) a student needs to move back for more

remedial work, or 3) a student has mastered the current concept and can

move on to the next level of difficulty.

A normal lesson consists of a mixture of exercises from different

strands. This is done by random selection to ensure the student will

have a variety of items. In the "Mathematics Strands, Grades 1-6,"

there are 14 strands or content areas. These are listed in Table 4.

Table 4
The Strands in "Mathematics Strand, Grades 1-6"

Strand Name

1 Number Concepts
2 Horizontal Addition
3 Horizontal Subtraction
4 Vertical Addition
5 Vertical Subtraction
6 Equations
7 Measurement
8 Horizontal Measurement
9 Laws of Arithmetic
10 Vertical Multiplication
11 Division
12 Fractions
13 Decimals
14 Negative Numbers

Each strand is organized into a set of exercises with similar

properties. During each mathematics CAI session a student receives

exercises from all strands with similar properties that are appropriate

for the student's performance level. The number of exercises a student

receives in each strand is not the same. The program adjusts the ratio

of exercises in each strand to match the ratio of exercises covering
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that concept in an average textbook (Macken, p. 1). The curriculum

material is in the form of algorithms not specific exercises stored in

memory. According to Suppes:

When a particular equivalence class is selected, a program
generates the numerical values used in the exercise,
produces the required formal 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.

Macken (p. 5)

Description of Prescription Learning. Four middle schools and

one elementary school in the Portland Public School District provided

supplemental mathematics instruction in basic skills to 225 Chapter I

students with Prescription Learning.

Prescription Learning is a diagnostic, prescriptive management

program from Prescription Learning Corporation. The program provided

individualized instruction through the use of six instructional

strategies:

1. Computer-assisted instruction;

2. Card readers;

3. Film strips;

4. Audio machines;

5. Workbooks; and

6. Teacher-directed activities.

Students are pretested at the beginning of the school year with

tests developed by Prescription Learning Corporation. The results of

the pretest are used to: 1) place the student appropriately in a skills
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continuum, 2) diagnose the specific skills in the continuum the child

needs to master, and 3) match deficiencies of the student with

appropriate instructional strategies and available materials.

The matching process, which is computerized, generates a

prescription for the student. This prescription is based on stored

results of success and failure of strategies and materials for teaching

different skills. A short-form skill instrument that requires

66.7 percent for mastery is used to post-test the students. A student

will continue work in a particuluar skill if mastery is not met. The

continued work will be supplied by an updated prescription.

Description of the "Pull-Out" Program. The ESEA of 1965 provided

funding for additional instruction to low-achieving students in

reading, language, and mathematics. Over the past 18 years, the

instruction has consistently been in the form of pulling low-achieving

students out of elective classes to receive small group, lab-type

instruction in basic skills. The 272 Chapter I students receiving

supplemental mathematics instruction by the "pull-out" method

represented 16 elementary schools and one middle school.

The Instrument

In order to measure the student achievement gains, the Portland

Achievement Levels Tests were administered. The levels tests,

developed and published by the Portland Public Schools, were given to

all students in the study as a pretest and post-test to measure

achievement. The tests were again administered to determine
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retention. Since 1976, these tests have been given fall and spring of

each school year to all students in grades three through eight in the

Portland Public Schools. Only those students who do not pass

graduation standards are administered the levels tests in grade nine.

The Portland Public School District, in consultation with

Multnomah County I.E.D. and the Metropolitan Area Testing Program,

began the project of developing the levels testing program in 1975 in

an effort to improve the testing situation of the District. The goal

of the testing project was to develop a procedure for constructing

better achievement tests that were short, relevant to the instructional

programs, and whose difficulty level was appropriate for the

performance of individual students. An item bank was developed, and

Dr. Benjamin Wright's Rasch model for item analysis was used to

calibrate the item bank. Multiple levels of the test were then

developed. After field testing, the Portland Achievement Levels

Testing Program was adopted by the District. The testing program

consists of: 1) a locator test, 2) a series of level tests that vary in

complexity from simple to difficult, and 3) goal-based achievement

reports.

The locator test is a brief instrument with 10 to 12 test items

requiring approximately 10 to 15 minutes to administer. The raw score

of the locator test is used to select the appropriate levels test. The

Portland Achievement Levels Tests vary in complexity and difficulty and

is built around a common set of goals, these being the 13 mathematics

goals of the Portland School District.



41

The Portland Achievement Levels Tests are based on the Rasch

model. The Rasch model (Leonard, 1980) assumes: 1) the item level and

the student achievement level can be represented on an equal interval

scale, and 2) the probability that a student answers an item correctly

is dependent on the item level and the student achievement.

This probability is:

p(right) =

e(a - d)

1 + e(a - d)

where: p = the probability that the student answers the item correctly

a = achievement level of the student

d = level of the item

e = natural logarithm base

To determine the best estimate for item and achievement level,

the maximum likelihood method was used. This was used to determine the

value for an item level that best suits the performance of the

students. The maximum likelihood equation was derived from

observations and theoretical values for item and achievement levels.

The Portland Achievement Levels Tests are reported in equal

interval units, RITs, on the Rasch scale. Each test item has a level

of difficulty in relationship to other items on the test. This scale

eliminates the effect of the ability of the students being tested.
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Collection of the Data

The Portland Achievement Levels Tests were administered to all

Portland Public Schools students in grades three through eight in fall

1981, spring 1982, and fall 1982 during the testing dates and times

established by the Research and Evaluation Department of the Portland

Public Schools. The 60-minute tests were carefully monitored by the

homeroom teachers. The only deviation in the administration of the

tests was if a student was absent or performed below his expected

level. The Portland Achievement Levels Tests were again administered,

for either case, Districtwide within 3 weeks of the initial testing

date. The Research and Evaluation Department scheduled the dates and

times.

The subjects of the study recorded their responses on answer

sheets. These answer sheets were coded with the level of the test

taken. The answer sheets were sent to the Data Processing Department

of the Portland Public Schools Educational Service Center. They were

scored by means of a scanner, and magnetic tapes were loaded with the

information for processing on the Honeywell, Model 60. The Portland

Public Schools Evaluation and Research Department performed the Rasch

calibrations and determined the RIT scores for each individual

student. The mean and standard deviations for each grade were

determined.
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The treatment groups' data were transferred to a file set up by

the researcher. Z-scores were calculated for each subject in the

study. The means and standard deviations for each grade were used to

standardize subjects in terms of their relation to their grade level in

the District.

The four hypotheses concerning achievement and retention of

Chapter I students in basic skills of mathematics were tested using the

SPSS statistical program library. The programs used were CROSSBREAK

and ANOVA, information breakdown and analysis of covariance,

respectively.

Data Analysis

The treatment groups were evaluated at the end of the 1981-82

school year for achievement in mathematics basic skills. The groups

were again evaluated at the beginning of the 1982-83 school year for

retention of mathematics basic skills.

The achievement of basic skills in mathematics was determined by

the difference in fall 1981 and the spring 1982 z-scores on the

Portland Achievement Levels Tests. The retention of basic skills in

mathematics was determined by the difference in the spring 1982 and the

fall 1983 z-scores on the Portland Achievement Levels Tests. The fall

1981 z-score was used as a covariate to adjust for student differences

in ability and achievement when testing the null hypotheses.
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Since treatments were being compared, group means were used as

the unit of analysis. Group means were calculated for the criterion

measures. These means were calculated by totaling the difference in

z-scores for each group and dividing by the number in the group.
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CHAPTER IV

RESULTS OF THE STUDY

Chapter IV presents the results of the study in the following

sections:

1. Introduction

2. Presentation of the Data

3. Method of Statistical Analysis

4. Tests of Hypotheses

5. Results not Directly Related to the Hypotheses

6. Summary

Introduction

The main purpose of this study was to compare the Chapter I

supplemental mathematics programs (CAI, Prescription Learning, and the

traditional "pull-out" program) in terms of student achievement and

retention of basic mathematics skills.
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The investigation was conducted at the Portland Public Schools in

Portland, Oregon, during the 1981-82 and the 1982-83 school years.

Data were obtained through three administrations of the instrument used

in this study to measure achievement and retention. Data obtained were

scanned and read onto magnetic tapes for processing.

The data collected in this study were used in the following

statistical analyses:

1. Analysis of data for which group means, standard

deviations, and correlations between criterion test

scores were computed;

2. One-way analysis of covariance in which null hypotheses

concerning achievement were tested; and

3. One-way analysis of covariance to test hypotheses

regarding retention.

The null hypotheses are to be reviewed in this chapter when tests

of hypotheses are examined. The criteria and covariant measures were

the group means on the Portland Achievement Levels Tests.

Presentation of the Data

The Portland Achievement Levels Tests were the criterion

instruments used in this study. Tables 5, 6, and 7 summarize the means

and standard deviations of the RIT scores, raw scores, from student

responses on these criterion instruments.
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Table 5
Summary of Data from Criterion Instrument Used in Fall 1981

Treatment Group N Mean
Standard
Deviation

CAI 80 194.74 15.38

Prescription Learning 225 197.72 10.40

"Pull-out" Program 272 193.27 11.76

Table 6
Summary of Data from Criterion Instrument Used in Spring 1981

Treatment Group N Mean
Standard
Deviation

CAI 80 204.06 14.01

Prescription Learning 225 202.80 10.68

"Pull-out" Program 272 199.48 10.89

Table 7
Summary of Data from Criterion Instrument Used in Fall 1982

Treatment Group N Mean
Standard
Deviation

CAI 80 204.09 14.70

Prescription Learning 225 204.59 11.00

"Pull-out" Program 272 201.25 10.27



48

Z-scores, standard scores, were calculated for each subject. As

mentioned in Chapter II, the Portland Achievement Levels Tests were

given Districtwide. The means and standard deviations were calculated

for each District grade level. These statistics, presented in Table 8,

were used to calculate the individual z-scores by the formula:

RIT - meang
Z =

s . d .g

where: Z = z-score

RIT = individual raw score

meang = District grade level mean

s.d.g = District grade level standard deviation

Achievement was measured by the difference in the fall 1981 and

the spring 1982 z-scores, A
= ZS82 ZF81'

Retention was measured

by the difference in the spring 1982 and the fall 1982 z-scores,

R = ZF82 ZS82.

Sample questions from the criterion tests used in this study are

located in Appendix C.

Method of Statistical Analysis

The statistical design used in this study was Campbell and

Stanley's quasi-experimental design, the nonequivalent control group

design. Campbell and Stanley recommended the use of analysis of



Table 8
Summary of Data from District Administration of the Portland Achievement Levels Tests

Administration

Grade 5 Grade 6 Grade 7 Grade 8

7 s.d. X s.d. X s.d. X s.d.

Fall 1981 203.48 15.50 210.99 15.75 218.00 15.85 223.60 15.92

Spring 1982 209.31 14.27 216.02 16.26 222.87 16.45 228.16 16.72

Fall 1982* 210.38 14.50 216.81 15.70 223.53 15.87 227.68 16.01

*Data recorded by fall 1981 grade.
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covariance for this design because the initial difference between

groups on the pretest criteria may have arisen from the researcher's

inability to select subjects at random.

The SPSS statistical program ANOVA was used at the Educational

Service Center of the Portland Public Schools to test the four

hypotheses by analysis of covariance. The covariate measure was the

fall 1981 Portland Achievement Levels Tests. The criterion measure for

achievement was the difference between the spring 1982 and the fall

1981 Portland Achievement Levels Tests. The criterion measure for

retention was the difference between the fall 1982 and the spring 1982

Portland Achievement Levels Tests. The test statistics of the

covariate and criterion measures for the three treatments used to test

the four hypotheses are summarized in Tables 9, 10, 11, and 12. In

comparing the adjusted means of the criterion measures for achievement,

the CAI treatment group mean is larger than the group mean of the

Prescription Learning treatment group or the group mean of the

traditional "pull-out" program treatment group. The adjusted mean of

the criterion measure for retention of the CAI treatment group is

smaller than the adjusted mean of the criterion measure for retention

of the Prescription Learning treatment group or the adjusted mean of

the criterion measure for retention of the traditional "pull-out"

program treatment group.

The ANOVA program used in this analysis determined the adjusted

criterion measure mean as follows:



Table 9
Test Statistics for Covariate and Criterion Measures for Testing Hypothesis I

Covariate Measure Criterion Measure
Adjusted

Treatment Group N Mean s.d. Mean s.d. Criterion Mean

CAI 80 -1.06 0.79 0.25 0.57 0.26

Prescription Learning 225 -1.02 0.64 0.03 0.46 0.04

Table 10
Test Statistics for Covariate and Criterion Measures for Testing Hypothesis II

Covariate Measure Criterion Measure
Adjusted

Treatment Group N Mean s.d. Mean s.d. Criterion Mean

CAI 80 -1.06 0.79 0.25 0.57 0.22

"Pull-out" Program 272 -0.95 0.71 0.02 0.50 0.03

Ln



Table 11
Test Statistics for Covariate and Criterion Measures for Testing Hypothesis III

Covariate Measure Criterion Measure
Adjusted

Treatment Group N Mean s.d. Mean s.d. Criterion Mean

CAI 80 -1.06 0.79 -0.06 0.55 -0.06

Prescription Learning 225 -1.02 0.64 0.03 0.52 0.04

Table 12
Test Statistics for Covariate and Criterion Measures for Testing Hypothesis IV

Covariate Measure Criterion Measure
Adjusted

Treatment Group N Mean s.d. Mean s.d. Criterion Mean

CAI 80 -1.06 0.79 -0.06 0.55 -0.07

"Pull-out" Program 272 -0.95 0.71 0.05 0.49 0.05
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Y1 + b(Ti - X)

where: Y'i = adjusted criterion measure mean (y-intercept)

. = criterion measure mean for treatment i

b = regression estimate for effect of covariate

X. = covariate measure mean for treatment i

X = zero

Tests of Hypotheses

Research Hypothesis I. Hypothesis I states:

The achievement of Chapter I students who are taught basic
skills in mathematics by supplementing instruction with CAI
will not be significantly different from the achievement of
those Chapter I students who are supplemented with
Prescription Learning.

Table 13 summarizes the one-way analysis of covariance which

tests Hypothesis I.

Table 13
One-Way Analysis of Covariance, Test for Hypothesis I

Source of
Variation S.S. df M.S. F-Ratio

Level of
Significance

Covariate 8.297 1 8.297 38.744 0.001

Main Effect 2.590 1 2.590 12.092 0.001

Explained 10.887 2 5.443 25.418 0.001

Residual 64.675 302 0.214

TOTAL 75.562 304 0.249

b = -0.243
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The F-ratio of 12.092 is significant at the 0.05 level.

Therefore, Hypothesis I is rejected. The analysis indicates that

Chapter I students taught basic skills in mathematics by supplementing

instruction with CAI achieve significantly higher than Chapter I

students taught basic skills in mathematics by supplementing

instruction with Prescription Learning.

Research Hypothesis II. Hypothesis II states:

The achievement of Chapter I students who are taught basic
skills in mathematics by supplementing instruction with CAI
will not be significantly different from the achievement of
those Chapter I students who are supplemented with the
traditional "pull-out" program.

Table 14 summarizes the one-way analysis of covariance which

tests Hypothesis II.

Table 14
One-Way Analysis of Covariance, Test for Hypothesis II

Source of
Variation S.S. df M.S. F-Ratio

Level of
Significance

Covariate 17.407 1 17.407 77.427 0.001

Main Effect 2.407 1 2.407 10.708 0.001

Explained 19.814 2 9.907 44.067 0.001

Residual 78.460 349 0.225

TOTAL 98.274 351 0.280

b = -0.307
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The F-ratio of 10.708 is significant at the 0.05 level.

Therefore, Hypothesis II is rejected. The results indicate that the

achievement of Chapter I students taught basic skills in mathematics by

supplementing instruction with CAI is significantly higher than the

achievement of Chapter I students who are taught basic skills in

mathematics by supplementing instruction with the traditional "pull-

out" program.

Research Hypothesis III. Hypothesis III states:

Retention by Chapter I students who are taught basic skills
in mathematics by supplementing instruction with CAI will
not be significantly different from the retention of those
Chapter I students who are taught basic skills in

mathematics by supplementing instruction with Prescription
Learning.

Table 15 summarizes the one-way analysis of covariance which

tests Hypothesis III.

Table 15
One-Way Analysis of Covariance, Test for Hypothesis III

Source of
Variation S.S. df M.S. F-Ratio

Level of
Significance

Covariate 0.156 1 0.156 0.553 0.458

Main Effect 0.547 1 0.547 1.941 0.165

Explained 0.703 2 0.352 1.247 0.289

Residual 85.155 302 0.282

TOTAL 85.858 304 0.282

b = 0.033
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The F-ratio of 1.941 is not statistically significant at the

0.05 level. Therefore, Hypothesis III is not rejected. The results

indicate that the retention of Chapter I students who are taught basic

skills in mathematics by supplementing instruction with CAI is not

significantly different from the retention of Chapter I students who

are taught basic skills in mathematics by supplementing instruction

with Prescription Learning.

Research Hypothesis IV. Hypothesis IV states:

Retention by Chapter I students who are taught basic skills
in mathematics by supplementing instruction with CAI will
not be significantly different from the retention of those
Chapter I students who are taught basic skills in
mathematics by supplementing instruction with the
traditional "pull-out" program.

Table 16 summarizes the one-way analysis of covariance which

tests Hypothesis IV.

Table 16
One-Way Analysis of Covariance, Test for Hypothesis IV

Source of
Variation S.S. df M.S. F-Ratio

Level of
Significance

Covariate 1.050 1 1.050 4.103 0.044

Main Effect 0.920 1 0.920 3.595 0.059

Explained 1.971 2 0.985 3.849 0.022

Residual 89.334 349 0.256

TOTAL 91.305 351 0.260

b = -0.075
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The F-ratio of 3.595 is not statistically significant at the

0.05 level. Therefore, Hypothesis IV is not rejected. The results

indicate that the retention by Chapter I students who are taught basic

skills in mathematics by supplementing instruction with CAI is not

significantly different from the retention of those Chapter I students

who are taught basic skills in mathematics by supplementing instruction

with the traditional "pull-out" program.

Results not Directly Related to the Hypotheses

In the preceding analyses, it was shown that the retention of CAI

students was not significantly different from the retention of either

Prescription Learning or the traditional "pull-out" students even

though the achievement of the CAI students was significantly higher

than the achievement of the Prescription Learning and the traditional

"pull-out" students. An attempt was made to evaluate the overall

effectiveness of the three treatments used to supplement instruction.

The "overall effectiveness" is defined by this researcher as the

achievement and retention of basic skills in mathematics over one full

year. This was measured by the difference of the z-scores from the

fall 1982 and the fall 1981 administrations of the Portland Achievement

Levels Tests. Table 17 presents the test statistics for the covariate

and criterion measures. The criterion measure for the CAI group was

adjusted downward, while the criterion measures of the other two

treatment groups did not require any adjustment. Table 18 shows the

analysis of covariance, which tests the overall effectiveness of



Table 17
Test Statistics for Covariate and Criterion Measures for Testing Overall Effectiveness

Treatment Group N

Covariate Measure Criterion Measure
Adjusted

Criterion MeanMean s.d. Mean s.d.

CAI 80 -1.06 0.79 -0.06 0.55 -0.07

Prescription Learning 225 -1.02 0.64 0.03 0.52 0.03

"Pull-out" Program 272 -0.95 0.71 0.05 0.49 0.05
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Table 18
Analysis of Covariance, Test for Overall Effectiveness

Source of
Variation S.S. df M.S. F-Ratio

Level of
Significance

Covariate 1.107 1 1.107 4.219 0.040

Main Effect 0.905 2 0.452 1.724 0.179

Explained 2.012 3 0.671 2.555 0.055

Residual 150.367 573 0.262

TOTAL 152.379 576 0.265

b = -0.063

Chapter I students taught basic skills in mathematics by supplementing

instruction with either CAI, Prescription Learning, or the traditional

"pull-out" program.

The F-ratio of 1.724 is not statistically significant at the

0.05 level. This indicates that the overall effectiveness of the three

treatments is not significantly different.

Su_ ar

One-way analysis of covariance using the fall 1981 Portland

Achievement Levels Tests as a covariate was used to statistically test

the null hypotheses concerning CAI group means.

With reference to Hypothesis I, the analysis indicated that

Chapter I students who are taught basic skills in mathematics by
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supplementing instruction with CAI achieve significantly higher than

Chapter I students who are taught basic skills in mathematics by

supplementing instruction with Prescription Learning.

With reference to Hypothesis II, the analysis indicated the

achievement of Chapter I students who are taught basic skills in

mathematics by supplementing instruction with CAI is significantly

higher than the achievement of Chapter i students who are taught basic

skills in mathematics by supplementing instruction with the traditional

"pull-out" program.

With reference to Hypotheses III and IV, the analysis indicated

that the retention of Chapter I students who are taught basic skills in

mathematics by supplementing instruction with CAI is not significantly

different from the retention of Chapter I students who are taught basic

skills in mathematics by supplementing instruction with either

Prescription Learning or the traditional "pull-out" program.

An additional analysis was conducted to determine the overall

effectiveness of the CAI supplemental program as compared to the other

two supplemental programs, Prescription Learning and the traditional

"pull-out" program. The CAI supplemental program over the period of

one full year was not significantly different from Prescription

Learning and the traditional "pull-out" program.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

Purpose of the Study. As stated in Chapter I, schools are

presently being pressured into purchasing computers. The major

implementation of computers in schools at the present time is drill and

practice exercises in reading and mathematics. Since computers offer a

wide variety of instructional uses, it is important that research

examine the effectiveness of these uses. Computer implementation

decisions can then be guided by research findings rather than by

pressure from special interest groups which currently exists in school

districts across the country.

The main purpose of this study was to compare the Chapter I

supplemental mathematics program CAI with the Chapter I supplemental

mathematics program Prescription Learning and the traditional

"pull-out" program in terms of student achievement and retention of

basic skills in mathematics.
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A review of the literature which presented: 1) the goals for

computers in mathematics education, 2) basic skills in mathematics,

3) selected studies on CAI in mathematics, and 4) contemporary views

related to educational implications of computer use in developing basic

skills, revealed that major efforts are being directed toward

evaluation of computer use in the instruction of basic skills in

mathematics.

Experimental Design. The research design used was the quasi-

experimental design, the nonequivalent control group design, described

by Campbell and Stanley (1966).

The difference in the spring and the fall administrations of the

Portland Achievement Levels Tests was used to compare the achievement

of treatment groups. The difference in the spring and the succeeding

fall administrations of the Portland Achievement Levels Tests was used

to compare the retention of treatment groups.

Data were analyzed by computing group means of the intact

treatment from individual scores on the criterion tests.

Procedure. In the fall of 1981, the Portland Public Schools

implemented two new programs for supplementing instruction to Chapter I

students in mathematics basic skills. These two new programs were CAI

and Prescription Learning. The traditional "pull-out" program was

still maintained as one of the primary methods for supplementing

instruction in mathematics basic skills to Chapter I students. To

evaluate the effectiveness of these two new programs, treatment groups

were selected from the Chapter I population by the following criteria:
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1. Students were tested both fall and spring of the

1981-82 school year;

2. Students received supplemental instruction in

mathematics basic skills by either CAI, Prescription

Learning, or the traditional "pull-out" program for

75 percent of the school year; and

3. Students were tested in the fall of 1982.

Criterion tests were administered Districtwide in homerooms

during October 1981, May 1982, and October 1982. At the conclusion of

each testing session, answer sheets were scanned, and results were read

onto magnetic tapes for processing.

Statistical Analysis. Z-scores for each subject on the three

criterion tests were computed using the District grade level mean and

the District grade level standard deviation.

The data were computed by one-way analysis of covariance using

the SPSS ANOVA statistical program at the Educational Service Center of

the Portland Public Schools to test the null hypotheses.

Results of the Study. Four hypotheses were tested in this

study. Two were related to achievement, and two were related to

retention. Table 19 summarizes the testing of the research hypotheses.

The results relating to Hypothesis I are supported by the studies

cited in Chapter II. The results of Hypotheses II, III, and IV led

this researcher to investigate the overall effectiveness of the CAI

supplemental program. In testing the hypothesis that the overall

effectiveness of supplementing instruction in mathematics basic skills

to Chapter I students with either CAI, Prescription Learning, or the



Table 19
Summary of Decisions from Testing the Hypotheses of this Study

Level of Not

Hypothesis Significance Rejected Rejected

Hypothesis I
The achievement of Chapter I students who are taught basic skills
in mathematics by supplementing instruction with CAI will not be
significantly different from the achievement of those Chapter I
students who are supplemented with Prescription Learning. 0.001 X

Hypothesis II
The achievement of Chapter I students who are taught basic skills
in mathematics by supplementing instruction with CAI will not be
significantly different from the achievement of those Chapter I
students who are supplemented with the traditional "pull-out"
program. 0.001

Hypothesis III
Retention by Chapter I students who are taught basic skills in
mathematics supplemented with CAI will not be significantly
different from the retention of those Chapter I students who are
supplemented with Prescription Learning. 0.165 X

Hypothesis IV
Retention by Chapter I students who are taught basic skills in
mathematics supplemented with CAI will not be significantly
different from the retention of those Chapter I students who are
supplemented with the traditional "pull-out" program. 0.059 X

rn
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traditional "pull-out" program will not be significantly different, the

F-ratio was not significant. Therefore, the hypothesis was not

rejected.

Conclusions

The results of Hypotheses I and II indicate that Chapter I

students receiving CAI supplemental instruction in mathematics basic

skills will make greater gains in achievement at the end of the school

year than Chapter I students who are supplemented in mathematics basic

skills by Prescription Learning or the traditional "pull-out" program.

Several factors should be reviewed before conclusions can be

drawn from these results. These are:

1. CAI students received drill and practice exercises in

all content areas daily;

2. The daily work of the Prescription Learning students

was targeted to one content area of deficiency; and

3. Traditional "pull-out" students received instruction in

the content area covered in the textbook on that

particular day.

The achievement of the CAI students may very well be attributed

to the daily work in all content areas.

The results of Hypotheses III and IV indicate that retention of

the CAI students was not better than the retention of the Prescription

Learning and the traditional "pull-out" students.
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Further investigation revealed that the overall effectiveness of

the CAI was not significantly different from the overall effectiveness

of the Prescription Learning or the traditional "pull-out" program.

The implication of these results is that, over one full year, the

CAI effect is no different from the Prescription Learning or the

traditional "pull-out" program. This raises the following question on

the 9-month "significant growth in achievement:"

Did the CAI students retain the information learned?

In reviewing the criterion measures, the mean raw score of the

CAI students (spring 1982, raw mean = 204.06 and fall 1982, raw

mean = 204.09) did not increase over the summer. However, the mean raw

scores of the Prescription Learning (spring 1982, raw mean = 202.80 and

fall 1982 raw mean = 204.59) and the traditional "pull-out" program

(spring 1982, raw mean = 199.48 and fall 1982, raw mean = 201.25) both

increased. This implies that CAI students did not lose their

"significant growth in achievement," but rather, they did not grow

during the summer months. In contrast, the Prescription Learning and

the traditional "pull-out" students did not achieve as well during the

school year, but they grew during the summer.
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Discussion

It is important for the educational community to fully understand

and study the effects of computers before imposing them on students.

This study is an example of research that might suggest the use of CAI

with low-achieving students. However, certain questions must be raised

and discussed before recommendations can be made. These are:

1. Why do CAI students not retain information as well as

non-CAI students? The results of this study show no

statistical difference in the retention of CAI students

and the non-CAI students. From an educator's point of

view, levels of significance of 0.165 and 0.059

(testing Hypotheses III and IV) have practical

significant values. When compared with students being

supplemented with Prescription Learning or the

traditional "pull-out" program in mathematics basic

skills, the students in this study being supplemented

with CAI have greater than an 83 percent chance of not

retaining their mathematics achievement levels as well

as the comparison groups.

2. What is the purpose of instruction? The CAI used in

this study is drill and practice exercises in number

facts. This mode of instruction does not address

problem solving, nor does it require any logical

thinking. The mathematics goals and objectives of the

Portland Public Schools District which are measured by
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the Portland Achievement Levels Tests are proficiency in

number facts and understanding of mathematical concepts.

If the purpose of instruction is to teach number facts and

concepts, the results of this study indicate that CAI is

more effective than Presciption Learning or the

traditional "pull-out" program in supplementing

mathematics for low-achieving students.

3. Is the cost of CAI justified? This study shows the

overall effectiveness of the CAI, Prescription Learning,

and the traditional "pull out" program to be the same.

Since CAI and Prescription Learning cost thousands of

dollars more than the traditional "pull-out" program, the

issue of cost effectiveness should be raised and studied.

4. Will computers have a psychological effect on students?

Students who are low achievers need attention,

reinforcement, and a caring instructor. The computer can

provide the attention and the reinforcement, but the

caring instructor can not and should not be replaced.

It is the opinion of this researcher that these four questions and

other questions raised by research should be discussed fully by school

districts who are planning to implement CAI.
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Recommendations for Further Study

On the basis of the data presented in this study, the following

recommendations are presented for consideration:

1. A comparable study comparing the effects of the

programs researched in this study be conducted over a

period of more than 12 months to determine the long-

term effects;

2. A comparable study comparing the effects of the

programs researched in the study be conducted using

tutorial software;

3. A study to investigate why CAI students do not

continually grow during the summer months should be

conducted;

4. A cost-effective study should be conducted to determine

the relationship between instructional costs and

student achievement;

5. A study should be undertaken to investigate the

affective effects of students working at computer

terminals;

6. A study to investigate the relationship between

information learned at computer terminals and the

ability to use that information in real-life situations

should be conducted;

7. A comparable study using a true experimental design for

tighter control should be conducted; and
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8. Teachers of Chapter I students in mathematics should

constantly review all areas of content on a regular

basis.
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APPENDIX A

Chapter I Teacher Recommendation Form



SUGGESTED USE:

ECIA, CHAPTER I
REFERRAL FOR SERVICES

MATH.

Directions: When achievement test scores are unavailable or are above 43*,
teacher judgment 'may be used for identifying Chapter I
students. Teacher judgment refers to observation of performance
that the student demonstrates in the instructional setting.

Complete the REFERRAL FOR. SERVICES form to the best of your
knowledge. All referrals should include the Behavioral Section,
also.

STUDENT NAME DATE

GRADE AGE SCHOOL

REFERRING TEACHER

Below are characteristics of the student observed in your classroom. Using
the scales, circle (0) the number to indicate the student's standing on each
characteristic compared with most students at his/her grade level.

ADEQUACY OF ATTENDING SKILLS

Much
Below
Grade

At
Grade
Level

Much Better
Than
Grade

Following instructions
1 2 3

Attention span in a group setting 1 2 3
Following a three-step direction

1 2 3
Listening without interrupting the instructor

or other students 1 2 3
Sustaining interest in self-initiated projects 1 2 3
Completing assigned tasks within a given time 1 2 3
Ceasing activity on request 1 2 3
Staying on task or appropriate behavior

1 2 3

ADEQUACY OF MATH SKILLS
Math readiness skills

1 2 3
Knowledge of basic math concepts 1 2 3
Computational skills 1 2 3
Ability to problem solve 1 2 3

APPROPRIATENESS OF LEARNING STYLES
Expectations of success 1 2
Effects of a few concrete experiences to
master a concept or skill 1 2 3

Effects of repetitions on mastering a concept
or skill 1 2 3

Retention of concepts over extended periods
of time

1 2 3
Tolerance for frustration

1 2 3
Seeking necessary help at right times 1 2 3

COMENTS:
Attendance Patterns

Other:

Portland Standard Score of 43
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PORTLAND ACHIEVEMENT LEVEL TESTS PROGAm: AN EVALUATION

INTRODUCTION

The purpose of this report is to provide an evaluation of Portland

Achievement Level Tests program. Two types of evaluation comments will be

provided, the first being summative evaluation while the second is formative

in nature. The summative evaluation is designed to judge the program relative

to the existing technology in the field of testing, measurement and

psychometric theory. The summative evaluation also implicitly compares the

Portland program against other testing programs operating at the district,

state and national levels throughout the country. The formative evaluation is

diagnostic in nature and offers a series of suggestions for future research

activities designed to maintain or possibly improve the current testing

program. The inclusion of a formative evaluation section should not be

interpreted as suggesting any serious problems with the current program but

reflects the fact that all testing programs must be dynamic and constantly

concerned with maintaining the highest level of testing practice.

This evaluation is based on four major sources of information. First,

this writer, like most researchers in the field of applied psychometrics, has

been following the Portland program for a number of years through the research

papers, reports and memoranda prepared by the testing staff and presented at

such professional meetings as the American Educational Research Association

and the National Council on measurement in Education. In addition to these

formal presentations, the writer has also been fortunate enough to receive

informal reports that are circulated in the testing and measurement community

among those interested in the problems of applied psychometrics. The second

major source of data is the careful study of project manuscripts, reports and

research papers that the writer conducted in preparing for the evaluation

visit. The tnird source of data is an extensive series of interviews

conducted in Portland on August 11, 12, and 13, 1982. These interviews

covered a wide range of topics including purely technical issues, substantive

issues, and issues in the mechanics or logistics of the testing program. The

fourth source of information used in this evaluation is the author's

professional experience in testing, measurement and psychometrics. This
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experience began more than fifteen years ago and includes formal academic

training and research as well as extensive practical experience with literally

dozens of testing programs in the United States and Canada. Of particular

relevance to this evaluation is this author's doctoral studies at the

University of Chicago with Professor Benjamin D. Wright who brought the Rasch

model, which is the technical basis of the Portland program, to the United

States. The author is President of Educational Measurement Systems, Inc. of

Columbia, South Carolina, a firm which provides consultation on the

appropriate use of the Rasch model to numerous schools, school districts and

State Departments of Education. The evaluator is currently an Associate

Professor in the Department of Educational Research and Psychology at the

University of South Carolina and President of the Eastern Educational Research

Association.

SUMMATIVE EVALUATIVE COMMENTS

Brief reflection on the current state of testing practice in the United

States makes it easier to understand the quality of the Portland testing

program. Testing in the United States is in transition. There are two major

areas of activity highly relevant to testing practice which are hotly debated

at this time. The first major problem facing any testing program is the

decision as to which types of tests to develop and apply. The options range

from the traditional norm-referenced tests to more recently advocated

criterion-referenced tests. Between these two extremes there are a variety of

options including mastery testing, domain reference testing, objective

reference testing and tailored testing. It is critical to understand that

there is no single clearly advocated testing program that all researchers and

practitioners agree upon as being the "best" type of testing program to

implement in the public schools. In addition to this problem of selecting an

appropriate type of testing program, there exists the problem of choosing the

appropriate technology for analyzing data collected in whatever type of

testing program is implemented. The technologies available today for

analyzing test data are quite varied, ranging from traditional or classical

test theory methods to the more recently developed latent trait models. Even

within the latent trait models there is considerable controversy about the

relative merits of competing procedures. Public school officials concerned

with developing a useful testing program must also deal with the problem of
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selecting the most appropriate technology and there is simply no unequivocal

advice as to which technical procedure is most appropriate.

In this context it is obvious then that there are no simple,

straight-forward answers to the questions public school officials must answer

in order to run an effective testing program. The selection, development and

maintenance of a testing program requires careful judgment which must take

into account a school district's needs, a school district's resources and

conflicting advice in the testing community concerning the most appropriate

type of tests to use and the most appropriate technology to be employed.

The Portland Achievement Level Test program clearly embodies the maximumly

effective and efficient combination of test development, test implementation

and technical procedures for test analysis. There is simply no question that

the testing program operational in the Portland Public Schools is one of the

most carefully developed, efficient and effective testing programs in the

United States today. As in all testing programs, there is surely room for

some improvement, but as a general evaluative judgment the Portland testing

program is clearly meeting the needs of the school district, its students,

teachers and school officials, while at the same time maintaining the highest

level of technical excellence in the design, implementation and analysis of

tne testing program.

There are five major attributes of the Portland program that lead to this

positive general evaluation. These five major attributes are described in

what follows.

Emphasis on Instruction

Perhaps the most salient attribute of the Portland testing program is the

fact that those who have developed it, maintain it, and plan for its future

have never been concerned primarily with running a testing program. The

emphasis in the Portland testing program has always been on the improvement of

instruction for the children in the schools. This is quite a contrast to many

testing programs which are all too frequently only peripherally concerned

with, and reflective of, instructional or curriculum considerations. From its

very earliest days in the late 1950's the Portland program has always
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emphasized the use of tests for the improvement of instruction, not the use of

tests for testing per se. This is an absolutely critical emphasis in which

the Portland testing program has served as a model project.

Technological Sophistication

While staying true to the concerns for instructional support, the Portland

program has also implemented the most highly-refined and technologically -

sophisticated system for checking the quality of test items, test forms, and

the quality of the measurements made of children in the school district.

While there is no one single technology that all psychometricians endorse, in

the context of the program's objectives to serve the students and teachers of

the district, the Rasch methodology employed in the Portland testing program

is without question the appropriate procedure. Furthermore, it is important

to realize that the Rasch technology used in the Portland testing program,

rather than reflecting the state of the art in psychometric analysis, has in

many cases actually defined the most advanced understanding of the

psychometric procedures employed. many practitioners throughout the United

States look to the Portland program for advice on a variety of technical

issues that were first addressed and resolved here in the Portland Public

Schools. The Rasch analyses and procedures developed in Portland represent

some of the finest research available on the Rasch model and is frequently

thought of as the best example of applying psychometric theory to practical

testing problems.

It is important to emphasize that while the program has embodied some of

the more recent developments in psychometric theory, it has never slavishly

accepted the theoretical assertions of those involved in psychometric

research. The Portland program has always questioned the validity of

theoretical claims for the Rasch procedures and has never advanced on the

advice of theoreticians alone but has always carefully checked to see if the

theoretical claims bear out in the practical situation of testing children in

the Portland schools. It cannot be emphasized enough that this reflects the

highest standards of scientific practice as well as the most responsible use

of technology in the public schools.
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Due Care and Caution

A third important feature of the Portland testing program is the

extraordinary care that has been taken to assure accuracy in all phases of the

program from defining goals and subgoals relative to the curriculum, to item

writing, test form development, data analysis and logistical issues. The

Portland program has a built-in series of checks and balances that has served

to eliminate, to the extent humanly possible, errors that one can anticipate

in a large-scale testing program. There is no way that all errors can be

eliminated from any human endeavor but in the Portland testing program the

elimination of defects has approached the theoretical maximum. While this

feature of the program may not appear as important as the first two issues

mentioned, nevertheless it is an absolute necessity for any activity carried

out in the public sector.

Appropriate Logistic Development

Closely related to the previous issue is the care and completeness with

which the mechanical or physical activities related to the program have been

conducted. Though vastly underrated by academic psychometricians, the

problems of running a large scale testing program such as printing test

booklets, answer sheets, delivery and collection of tests and scanning answer

sheets are a monumental task which, if poorly done, could destroy any testing

program no matter how technically sound. The careful and comprehensive

monitoring of all these activities designed to eliminate as many problems as

possible cannot be dismissed as mere standard practice. The accuracy and

promptness with which the logistical aspects of the program are carried out

are clearly superior to most other programs.

Dissemination of Information

A final attribute of the program that merits comment is the extensive

concern reflected in the program for providing useful information to classroom

teachers, principals and other public school officials. This of course is

totally in keeping with the program's emphasis on instructional utility. The

wide range of reports prepared by the staff of the testing program is witness
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to their concern ror using test results to improve instruction. Recent

developments in the direction of providing individual student goal reports is

yet another example of the serious and important priority placed upon the

dissemination of information. The rapidity with which test data are usually

processed, verified and returned to teachers is virtually unequaled in testing

programs in the United States. It is possible that teachers and principals in

the system who may be unfamiliar with the standard lag time between test

taking and (dissemination of test) results may not totally appreciate the

promptness with which test results are disseminated in the Portland Public

Schools. Occasionally there have been delays in producing test results.

These delays seem to have occurred because the staff has been operating a

testing program as the program is being developed.

Summary of Summative Comments

In summarizing these general sumnative observations this writer would

again like to emphasize the fact that the Portland Public Schools testing

program currently embodies some of the most sophisticated technology available

for test development and analysis, has remained true to its primary concern

for improving the quality of instruction, and provides the maximum use of

currently available resources into a program that is frequently used as an

example for other school districts interested in developing effective testing

programs. This in no way suggests that there are not areas for improvement,

but as a general observation the testing program in the Portland Public

Schools is simply one of the better programs currently in operation.

FORMATIVE EVALUATION COMMENTS

The following formative comments do not contradict the general observation

that the testing program in the Portland Public Schools is an exemplary

program; rather these formative comments reflect the reality that testing

programs cannot be static activities but must be constantly renewed in order

to maintain their vitality. The Portland testing program clearly reflects the

belief that no testing program should be set in place and let sit without

constantly reviewing its effectiveness, accuracy and fairness. All activities

to date clearly reflect this concern and these formative comments are offered
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in the hope of identifying constructive, ongoing activities designed to

maintain the high level of excellence currently embodied in the Portland

program.

There are ten major topics that the testing staff might want to consider

as areas for further study.

Person-Fit Analysis

A number of researchers have investigated and suggested the utility of

person-fit analysis in the context of the Rasch model. This procedure tests

the congruence between an individual student's observed and predicted

responses on a test. The current program actually makes such analysis less

necessary than in most cases because of its use of prescribed levels of

testing for students. This maximizes the likelihood that children will

receive tests of appropriate difficulty levels. In addition, the retesting of

children whose performance is in the extremes for a given test form also

minimizes the need for person-fit analysis. Nonetheless, person-fit analysis

is an area worthy of future exploration because it is not always the case that

problems of person-fit occur in the extremes.

Item-Fit and Link-Fit Analysis

The Portland program has always reflected a very serious concern for

testing the fit of test items to the Rasch model. As an ongoing practice, the

fit of items to the scale and to the other items on the test forms should

constantly be scrutinized. Test of fit for all links should be carefully

examined in all cases, as has been the standard practice. Explicit procedures

for reviewing the fit of items and retiring items from the bank when necessary

should be explicated. Item-fit analysis should, of course, always bear in

mind substantive issues as well as statistical issues. There are no clear-cut

guidelines for statistically detecting item fit and tnis makes it all the more

imperative that fit analysis be constantly examined for thoroughness and

accuracy.
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Organizing the Goal Structure by Item Difficulty

As suggested in several conversations with the testing program staff, it

seems very worthwhile to explore the goal and subgoal structure relative to

the average item difficulty in the various categories. Granted that there

will be overlap between subcategories and goals, nonetheless this activity

would provide some useful descriptive information and may indeed lead to

procedures for reporting student performance relative to explicit

instructional outcomes embodied in the subgoal and goal statements.

Fixed Parameter Model

The fixed parameter model used in the Portland program represents an

insightful innovation, the development and use of which reflects the high

level and technical excellence achieved by the testing staff. Despite its

obvious benefits and technical soundness, some additional work examining the

functioning of this procedure does seem to be in order. It has not been

scrutinized as carefully as other parts of the Rasch analysis procedures and

some additional study of this activity could prove fruitful.

Systematic Feedback Procedures

This evaluator recommends that in the future the testing staff design and

carry out systematic surveys among students, teachers, parents and principals

in the school district. This writer realizes that the staff is under enormous

pressure to carry out the current operations and this additional activity will

strain already severely overstretched resources. Nonetheless these types of

survey data should be part of the ongoing evaluation of the program and also

should be made part of the public record. These surveys need not be highly

sophisticated, state-of-the-art sampling surveys, but should be designed to

provide descriptive, formative feedback for the testing staff.

Scale Shift

The testing staff is urged to continue the current practice of constantly

examining the calibration of the items relative to the scale of measurement.
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Item parameter drift and scale drift have been studied in several other

situations and yet is not entirely well understood at this time. The current

activities in this area are quite laudable and this topic is mentioned here

simply to urge the continued scrutiny of this problem.

Regeneration of Test Items and Test Forms

The testing program should continue its current practice of constantly

regenerating test items and test forms in order to maintain the maximum

congruence between the goals and subgoals embodied in the tests and current

curricula emphases. It is not appropriate, as has happened in other testing

situations, for the testing program to dictate curricula emphasis. In order

to prevent this encroachment it is imperative that the testing program

constantly have available a procedure for generating new items to keep up with

curricula developments. It is all too easy for the curriculum to become

circumscribed by the testing program if this procedure for constantly renewing

test items and test forms is not in place. Such a situation would be totally

out of keeping with the philosophy of the Portland program and completely

inconsistent with the historical activities and current state of affairs in

the Portland Public Schools. This is an area in which a number of excellent

testing programs have had difficulty and it is mentioned here simply as

long-term advice to prevent possible future difficulties.

Documenting Informal Activities

A constant difficulty in ongoing testing programs is the fact that the

demands of time require that the priority be given to the operation of the

current testing program. Unfortunately the need to operate a current testing

program sometimes results in a failure to document informal research

activities conducted by the testing staff and other practical psychometric

activities which, at some later date, may not be remembered in complete

detail. It would be extremely useful to the Portland program if a systematic

procedure for documenting all technical activities, however informal, could be

implemented. This is a burdensome task which may very well require some

additional resources. Nonetheless this activity might be'extremely important,

would be relatively inexpensive, and could benefit the future success of the

,program.
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Evaluation Against Outside Criterion

If at all possible it would be useful for the testing staff to develop a

procedure to compare the performance of students who have been involved in the

Portland program to the performance of other students on criterion variables

that are commonly used in other testing situations. Such a design might, for

example, involve comparing the performance of students from the Portland

schools who have been involved for varying lengths of time in the Portland

Achievement Level Tests program to children who have not had such involvement

on criterion variables such as nationally-normed standardized tests. This

area of research could test the hypothesis that the most effective way to

improve a school's performance on nationally-normed tests is to implement a

testing program that emphasizes the basic skills of reading, language usage

and mathematics. Such data as these could provide the basis for strong

support since it would indicate that the instructionally-sound testing program

also serves the more general purpose of improving test scores on other

measures. These comments are in no way meant to elevate the value of

nationally-developed norm reference tests but rather reflects the reality that

many parents and school officials are frequently interested in examining the

progress of students relative to these "national standards."

Extending the Program

Conversations with several teachers suggest the value of exploring the use

of tests at grades 1 and 2. Additionally, teachers voiced concern about the

need for some more difficult tests in order to more appropriately measure

their advanced students in the upper grades. It would be very useful for the

staff to explore the feasibility of extending the program in these

directions. The benefits and additional costs of extending the program should

be explicated and carefully considered for future implementation.

Summary of Formative Comments

These formative comments are in no way intended to suggest any serious

difficulties with the testing program in the Portland Public Schools. Rather,

these formative evaluation comments are designed to reflect the fact that a

program like the one in the Portland Public Schools must constantly examine
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the assumptions on which it is based, the practices that were justified by

previous analyses, and future plans. All of these activities must be

constantly examined and the formative comments provided above are simply meant

as guidelines for these future inquiries.

SUMMARY AND CONCLUSIONS

In summarizing this evaluation report it is useful to make explicit a

reality in the field of education concerning testing programs. The simple

reality is that every school district in every state must do some type of

student testing. Testing programs are no longer a frill or an exploratory

activity. The current understanding of effective instruction requires a

careful testing program, the politics of public education absolutely demand

such programs, and the economics of our times require public schools to

demonstrate with test scores the public benefit derived from the public

dollars spent in instruction.

Exactly what type of testing program a school implements with the

available public resources is an issue for which there is no simple answer.

Expensive norm-referenced nationally-developed tests provide a type of

security by reason of the standardization involved but they generally provide

information that is minimally useful for instruction. Such programs involve

considerable expense with a less-than-obvious return in terms of instructional

benefits. On the other end of tne spectrum some school districts use

technically weak locally-developed tests which save money but which provide

very little solid information that is useful in improving the quality of

instruction. Somewhere between these two extremes there exists an appropriate

balance that maximizes the instructional benefits of a testing program while

minimizing the expenditure of resources. In this evaluator's opinion the

Portland Achievement Level Tests program has struck this extremely difficult

to locate balance. For the public's funds spent in the Portland Public

Schools on testing, the school district is receiving information that is

maximally effective in improving the quality of instruction. The use of

grade-level appropriate tests is perhaps the only way to provide efficient and

effective testing and in this activity the Portland testing program is both a

pioneer and a paragon. As mentioned throughout the report this general

positive judgment about the Portland testing program in no way suggests that
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all activities in testing can now be forgotten. Rather, the excellence of the

testing program clearly reflects the fact that there has always been ,ongoing

scrutiny and support for the testing activities in the Portland Public

Schools. The formative evaluation suggestions in this report indicate some of

the areas in which ongoing examination of current testing practices would be

useful and these combined with some other topics that the testing staff has

already begun to explore indicate the very important need for the ongoing

support of the testing program. The need for such support is made all the

more necessary because the program will need to replace its director,

Dr. Victor Doherty, and one of its senior staff members and recognized

authorities in latent trait models, Dr. Fred Forster. The loss of these two

excellent educator-psychometricians will require the continued support of the

excellent staff that remains if the testing program is to maintain its

nationally-recognized level of excellence.
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APPENDIX C

Portland Achievement Levels Tests

Mathematics Goals

Sample Items
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Portlanc Achievement Level Tests

MATHEMATICS GOALS

1. The student can add whole numbers.

2. The student can subtract whole numbers.

3. The student can multiply whole numbers.

4. The student can divide whole numbers.

5. The student can order, compare, rename and represent whole numbers.

6. The student can order, compare, rename and represent fractional numbers
(fractions, decimals and percents).

7. The student can compute with fractions.

8. The student can compute with decimals and percents.

9. The student can use knowledge of geometry.

10. The student can use knowledge of measurement.

11. The student can interpret and use graphs, statistics and probability.

12. The student can solve story (word) problems.

13. The student can use the strategies and processes of problem solving.

NOTES: ORGANIZATION OF MATHEMATICS TEST SERIES

Beginning third graders take tests in the PRIMARY SERIES. These tests
are printed in large, easy-to-read type and have a separate answer sheet
for each test. They measure only goals 1, 2, 5, 9, 10, 11, 12 and 13.

SERIES A and C are designed for grades 4 and 5 in the fall of the year
and grades 3 and 4 in the spring. They measure goals 1, 2, 3, 5, 9, 10,
11, 12 and 13. (Series E, G, etc., as they are developed, will follow.
the same design.)

SERIES 8 and 0 are designed for grades 6, 7, and 8 in the fall of the
year and graces 5, 6, 7, and 8 in the spring. Goals 1 through 4 are
measured only at lower levels. Goals 7 and 8 are phased in beginning
with middle levels. (New tests following this design will be Series F,
H, etc.)
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NOTES: MATHEMATICS TESTS AND READING VOCABULARY

Reading and recognizing mathematics vocabulary is as necessary asrecognizing mathematics symbols. Although reading at lower levelshas been minimized, words such as the following are considered aspart of beginning
mathematics instruction and are used in test items:

less rectangle how many second closedtens circle most third figureones shortest more fourth shapetriangle tallest numbers in order sizesquare longest how many left pennies timemoney in all equals corners sidesstraight how far farther

Also, words such as these may be found in some items.

none of these buy come who
balloons animals baseball missing piecefind zoo pictures dayswhich birds fit not
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Portland Public Schools

Achievement Level Tests

Mathematics

Goal Analysis

Series B and D

Test Series Goals

1 2 3 4 5 6 7 8 9 10 11 12 13

B 13 5 5 5 5 4 5 5 5 5 5 5 5

B 14 5 5 5 5 5 5 5 5 5 5 5

B 15 5 5 5 5 5 5 5 5 5 5 5

B 16 5 5 5 5 5 5 5 5 5 5 5

B 17 5 5 5 5 5 5 5 5 5 5 5

B 18 5 5 5 5 5 5 5 5 5 5

B 19 5 5 5 5 5 5 5 5 5

B 20 5 4 5 5 5 5 5 5 6

Test Series Goals

1 2 3 4 5 6 7 8 9 10 11 12 13

D 13 5 5 5 5 5 5 5 5 5 5 5

D 14 5 5 5 5 5 5 5 5 5 5 5

D 15 5 5 5 5 5 5 5 5 5 5 5

D 16 5 5 5 5 5 5 5 5 5 5 5

D 17 5 5 5 5 5 5 5 5 5 5 5

D 18 5 5 5 5 5 5 5 5 5 5

D 19 5 5 5 5 5 5 5 5 5

D 20 5 5 5 5 5 5 5 5 5
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Portland Achievement Level Tests

MATH GOALS AND SUBGOALS

Goal 1: ADDITION OF WHOLE NUMBERS: The student can add whole numbers.

Subgoals:

A. One and two digit, without regrouping, horizontal and vertical.

B. Three digit, without regrouping, horizontal and vertical.

C. Two digit with regrouping,'horizontal and vertical.

D. Three and four digit with regrouping, horizontal and vertical.

Goal 2: SUBTRACTION OF WHOLE NUMBERS: The student can subtract whole numbers.

Subgoals:

A. One and two digit, without regrouping, horizontal and vertical.

B. Three digit, without regrouping, horizontal and vertical.

C. Two and three digit, with regrouping, horizontal and vertical.

O. Four and five digit, with regrouping, horizontal and vertical.

Goal 3: MULTIPLICATION OF WHOLE NUMBERS: The student can multiply whole
numbers.

Subgoals:

A. One, two, and three digit by one digit (e.g., 405 x 3).

B. Two, three, and four digit by two digit (e.g., 431 x 63).

C. Two, three, and four digit by three digit (e.g., 4323 x 825).

Goal 4: DIVISION OF WHOLE NUMBERS: The student can divide whole numbers.

Subgoals:

A. Two and three digit dividend, one digit divisor (e.g., 26-3, 4
128).

B. Two, three, and four digit dividend, one and two digit divisors.

C. Three and four digit dividend, one and two digit divisors, with
remainders.

D. Four and five digit dividend, two and three digit divisors, with
remainders.
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Math Goals and Subgoals (cant.)

Goal 5: WHOLE NUMBER NUMERATION: The student can order, compare, rename, and
represent whole numbers.

Subgoals:

A. Order of numbers under ten; counting.

B. More and less.

C. Grouping by tens and ones; place value.

D. Order of two digit numbers.

E. Expanded notation; place value.

F. Order of three digit numbers.

G. Renaming numbers, two and three digit.

H. Reading/writing numerals to 1,000.

I. Estimating sums.

J. Reading/writing numerals to 10,000.

K. Rounding numbers.

L. Estimating differences.

M. tstimeration through millions.

N. Order numbers with exponents.

O. Renaming including scientific notation.

P. Prime factors.

Goal 6: FRACTIONAL NUMBER NUMERATION: The student can order, compare, rename,
and represent fractional numbers (Tractions, decimals, and percents).

Subgoals:

A. Picture to fraction.

8. Ordering, comparing, renaming, representing.

8.1 Fractions to hundredths.

B.2 Decimals to hundredths.
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Math Goals and Subgoals (cunt.)

B.3 Fraction to/from fraction.

B.4 Decimal to/from decimal.

8.5 Fraction to/from decimal to thousandths.

C. Ratios and percents.

D. Finding common denominator.

E. Fractions to/from decimals to/from percent.

F. Ratio and proportion.

G. Place value to right of decimal point.

H. Scientific notation.

Goal 7: COMPUTATION WITH FRACTIONS: The student can compute with fractions.

Subgoals:

.A. Add/subtract fractions.

B. Add mixed numbers, like denominators.

C. Subtract mixed numbers, like denominators.

D. Add/subtract mixed numbers, unlike denominators.

E. Miltiply mixed numbers, like and unlike denominators.

F. Divide mixed numbers, like and unlike denominators.

Goal B: COMPUTATION WITH DECIMALS AND PERCENT: The student can compute with
decimals and percents.

Subgoals:

A. Add/subtract decimals to hundredths.

B. Add/subtract/multiply decimals to thousandths.

C. Add/subtract/multiply percents.

D. Divide with decimals and percents.

E. Estimate computations, mixed decimals, and percents.
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Math Goals and Subgoals (cont.)

Goal 9: GEOMETRY: The student can use knowledge of geometry.

Subgoals:

A. Recognize simple geometric shapes (square, triangle, circle,

rectangle).

B. Number of sides of a figure; concept "inside ", concept "closed
figure".

C. Recognize like figures. of different size or position (form

constancy).

O. Compare shapes and sizes.

E. Recognize common two-dimensional figures.

F. Find perimeter of figure with all dimensions given.

G. Recognize common three-dimensional figures.

H. Concept of area.

I. Parts of a circle.

J. Shapes and angles.

K. Congruent shapes; concept "congruence".

L. Parallel and intersecting lines.

M. Perimeter of polygons.

N. Area and volume.

O. Parallel and perpendicular lines.

P. Angle classification.

Q. Congruent figures.

R. Lines, line segments, angles.

S. Congruent and similar figures.

Goal 10: MEASUREMENT: The student can use knowledge of measurement.

Subgoals:

A. Length

A.1 Inches.
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Math Goals and Suogoals (=Mt.)

A.2 Centimeters.

A.3 Metric units.

A.4 Estimation, English and metric.

A.5 Comparison of English and metric.

A.6 Comparison of lengths.

8. Time.

8.1 Hours, half hours.

B.2 Quarter hours.

8.3 Minutes after and before hour.

B.4 Addition/subtraction, hours and minutes.

8.5 Calendar days, weeks.

C. Money.

C.1 Value of U.S. coins under a dollar.

C.2 Counting.

C.3 Computation, making change.

0. Temperature.

0.1 Celsius and Fahrenheit to nearest five degrees.

0.2 Celsius and Fahrenheit to nearest degree.

0.3 Celsius - Fahrenheit comparisons.

E. Capacity (English).

E.1 Common units (cup, quart, etc.).

E.2 Conversions (cup, to quart, etc.).

F. Mass (metric).

F.1 Units.

F.2 Estimation.

F.3 Conversions within metric system.
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Math Goals and Subgoals (cont.)

G. Weight.

G.1 English units, reading scales.

G.2 Estimation.

H. Conversions within English systems.

I. Conversions within metric systems.

J. Comparisons, English and metric.

K. Operations on units of measurement.

L. Select appropriate unit.

Goal 11: GRAPHS: The student can use gzasnE,gataticsarobabint.
Subgoals:

A. Interpret graphs.

A.1 Count, compare from pictographs.

A.2 Count, compare from.bar graphs.

A.3 Interpret bar and line graphs.

A.4 Interpret circle graphs.

A.5 Interpret curved line graphs.

B. Read charts and tables.

C. Probability.

C.1 Simple probability of event as a fraction.

C.2 Probability of simple events.

D. Statistics.

0.1 Determine averages (mean).

0.2 Determine mean, medium, mode for simple distribution.

0.3 Determine mean, medium, mode from grouped and ungrouped data.

D.4 Interpret charts and tables.
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Math Goals and Subgoals (cunt.)

Goal 12: WORD PROBLEMS: The student can solve story (word) problems.

Subgoals:

A. Counting.

B. Simple addition/subtraction.

C. Multiplication.

D. Division.

E. One or more steps commensurate with level of computation skill.

F. More than one step, factors, percent.

G. Application of measurement/computation knowledge and skills, more
than one step.

Goal 13: PROBLEM SOLVING: The student can use strategies and processes of
problem solving.

Subgoals:

A. Recognize patterns.

B. Select operation (addition, subtraction).

C. Number sequences (odd, even).

D. Geometric sequences.

E. Attributes.

F. Reasoning skills.

G. Comparison.

H. Extension of patterns.

I. Number and geometric patterns.

J. Properties of operations.

K. Logic and reasoning.

L. Number sentences.

M. Operations on integers.



MATH - Series B or 0

Level 13: RIT Range 170-189

Goal 1: ADDITION OF
WHOLE NUMBERS

The student can add whole numbers.

Sample Item

422
+ 39

143

A. 5,914

B. 604

C. 5,104

O. 605

E. 594

Subgoal tested:

* Two and three digit, with
regrouping, horizontal and
vertical
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Goal 2: SUBTRACTION OF
WHOLE NUMBERS

The student can subtract whole
numbers.

Sample Item

748
- 625

A. 1,373

B. 135

C. 133

D. 123

E. none of these

Subgoals tested:

* Two and three
regrouping,
vertical

. Two and three
regrouping,
vertical

four digit without
horizontal and

digit with
horizontal and



Math - Series B or
Level 13: RIT Range 170-189

Continued

Goal 3: MULTIPLICATION OF WHOLE NUMBERS

The student can multiply whole numbers.

Sample Item

8 x 9 =

A. 74

B. 81

C. 63

D. 64

E. 72

Subgoal tested:

* One, two and three digit by one
digit
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Goal 4: DIVISION OF WHOLE NUMBERS

The student can divide whole numbers.

Sample Item

8 W
A. 6

B. 5

C. 10

D. 8

E. none of these

Subgoals tested:

* Two digit divided, one digit
divisor



Goal 5: WHOLE NUMBER NUMERATION

The student can order, compare,
rename and represent whole numbers.

Sample Item

One less than 870 is:

A. 770

B. 860

C. 869

O. 789

E. none of these

Math - Series 8 or 0
Level 13: RIT Range 170-189
Continued

Subgoals tested:

Order of numbers under ten
More and less
Grouping by tens and ones
Order of three digit numbers
Expanded notation
Round numbers to nearest ten

Goal 6: FRACTIONAL NUMBER NUMERATION

The student can order, compare, rename
and represent fractional numbers
(fractions, decimals and percents).

Sample Item

What part is

A. 2
2

0.

B. 1 2

8

E. 2

C. 2 8
4

Subgoal tested:

* Picture to fraction
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Math - Series B or D
Level 13: RIT Range 170-189

Continued

Goal 9: GEOMETRY

The student can use knowledge of
geometry.

Sample Item

Subgoals tested:

* Recognize simple geometric shapes
(square, triangle, circle,
rectangle)

* Compare shapes, sizes
* Recognize common three-

dimensional figures
. Find perimeter with all

dimensions given

Which is NOT the shape of a circle?

A. ring

B. dime

C. wheel

D. cone

E. nickel
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Goal 10: MEASUREMENT

The student can use knowledge of
measurement.

Sample Item

1 quarter =

A. two dimes

B. five nickels

C. fifteen pennies

O. four dimes

E. none of these

Subgoals tested:

. Length in centimeters

. Estimate length, English and
metric

. Time: minutes before and after
the hour

* Money: counting, value of coins
under $1

. Temperature: Celsius and
Fahrenheit to nearest degree



Goal 11: GRAPHS

The student can use graphs, statistics
and probability.

Sample Item

Math - Series 8 or 0
Level 13: RIT Range 170-189
Continued

Subgoals tested:

Count, compare from pictographs
Count, compare frdm bar graphs
Interpret bar and line graphs

Sue

Ken El

Rob

Leah Q ElIN 0

How many stamps did the students have in all?

D. 9

E. 5
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Goal 12: WORD PROBLEMS

The student can solve story (word)
problems.

Sample Item

Subgoals tested:

* Simple addition/subtraction
Multiplication
Division
Application of measurement/

computation knowledge and
skills, one step

Dana had 35 comic books. He gave away 12. How
many comic books does he have left?

A. 35 + 12 = 47

B. 35 - 12 = 23

C. 35 - 12 = 33

D. 35 + 12 = 56

E. none of these



Math - Series 8 or 0
Level 13: RIT Range 170-189

Continued

Goal 13: PROBLEM SOLVING

The student can use strategies and
processes of problem solving.

Sample Item

A. 5

B. 6

C. 7

0. 8

E. 10

Subgoals tested:

Attributes
Reasoning skills
Comparison
Number and geometric patterns

12 \ 16 \

113



,MATH - Series B or 0

Level 14: RIT Range 180-189

Goal 1: ADDITION OF Subgoal tested:
WHOLE NUMBERS

The student can add whole numbers.

Sample Item

534
+ 256

A. 789

B. 790

C. 7,810

O. 780

E. none of these

* Two, three and four digit, with
regrouping, horizontal and
vertical

114

Goal 2: SUBTRACTION OF Subgoal tested:
WHOLE NUMBERS

The student can subtract whole
numbers.

Sample Item

3,001
1,892

A. 2,891

B. 1,109

C. 2,119

O. 2,009

E. none of these

* Two, three and four digit without
regrouping, horizontal and
vertical



Math - Series B or D
Level 14: PIT Range 180-189

Continued

Goal 3: MULTIPLICATION OF WHOLE NUMBERS

The student can multiply whole numbers.

Sample Item

43
x 7

A. 281

B. 2,821

C. 304

D. 301

E. none of these

Subgoal tested:

* One, two and three digit by one
digit

115

Goal 4: DIVISION OF WHOLE NUMBERS

The student can divide whole numbers.

Sample Item

6 ÷ 6 =

A.

B.

c.

D.

E.

0

1

36

12

6

Subgoal.tested:

* One, two or three digit divided,
one digit divisor



Goal 5: WHOLE NUMBER NUMERATION

The student can order, compare,
rename and represent whole numbers.

Sample Item

4 hundreds 3 tens equals:

A. 43

B. 34

C. 430

O. 103

E. 334

Math - Series B or 0
Level 14: RIT Range 180-189

Continued

Subgoals tested:

Order of two and three digit
numbers

Expanded notation
Rename numbers, two and three

dioit
Read/write numerals to 10,000
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Goal 6: FRACTIONAL NUMBER NUMERATION

The student can order, compare, rename
and represent fractional numbers
(fractions, decimals and percents).

Sample Item

A. 1

4

B. 1

2

C. 3

Subgoals tested:

* Picture to fraction
. Fraction to picture

D. 1

3

E. 4
T



Math - Series 8 or D
Level 14: RIT Range 180-189

Continued

Goal 8: COMPUTATION WITH DECIMALS AND Subgoal tested:
PERCENT

The student can compute with decimals * Add/subtract decimals to
and percents. hundredths

Sample Item

0.05
0.03

A. 0.8

8. 1.8

C. 8.0

D. 0.08

E. .80

Goal 9: GEOMETRY Subgoals tested:

The student can use knowledge of
geometry.

Sample Item

which are parallel lines?

A.

8.

Compare shapes, sizes
Recognize common two-dimensional

figures
Find perimeter with all

dimensions given
. Concept of area
. Parts of a circle
. Shapes and angles

Recognize common three-
dimensions figure

Parallel and intersecting lines
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Math - Series 8 or D
Level 14: RIT Range 180-189
Continued

Goal 10: MEASUREMENT Subgoals tested:

The student can use knowledge of Length in centimeters
measurement. Estimate length, English and

metric

Sample Item

Which weighs more?

A. 2 grams

B. 2 kilograms

C. 200 grams

D. 20 grams

E. 20 kilograms

Time: minutes before and after
the hour

Money: counting, value of coins
under $1

Temperature: Celsius and
Fahrenheit to nearest degree

Capacity (English): common units,
conversions

* Mass: comparisons, conversions
within metric system

Goal 11: GRAPHS

The student can use graphs, statistics
and probability.

Sample Item

Game Schedule

Mon Tue Wed T

Subgoals tested:

. Count, compare from piCtographs
Interpret bar and line graphs

* Read charts and tables
. Probability of event as a

fraction

Room 1 - 2 5 3 4

Room 2 5 1 3 4 -

Room 3 4 - 2 1 5

Room 4 3 5 - 1 2 1

Room 5 2 4 1 1 - 3

118

When does Room 3 play Room 2?

A. Monday

B. Tuesday

C. Wednesday

D. Thursday

E. Friday



math - Series B or D
Level 14: RIT Range 180-189

Continued

Goal 12: WORD PROBLEMS

The student can solve story (word)
problems.

Sample Item

Subgoals tested:

Simple addition/subtraction
Multiplication
Division
Application of measurement/

computation knowledge and
skills, one step

4 girls and 3 boys put away the gym equipment. They
each put away 4 balls. How many balls did they put
away, in all?

A. 19 balls

B. 11 balls

C. 28 balls

D. 25 balls

E. none of these
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Goal 13: PROBLEM SOLVING

The student can use strategies and
processes of problem solving.

Sample Item

Subgoals tested:

. Reasoning skills

. Comparison
Extend patterns
Number and geometric patterns
Number sentences

What number can you put in each box to make a TRUE
sentence? '(Remember, the number in the two boxes must
be the same.)

x = 169

A. 9

B. 10

C. 11

D. 12

E. 13



MATH - Series B or D

Level 15: RIT Range 190-209

NOTE: At this level, Goals 1 and 2 are not tested.

Goal 3: MULTIPLICATION OF WHOLE NUMBERS

The student can multiply whole numbers.

Sample Item

6004
x 7

A. 42,028

B. 4,228

C. 67,028

D. 6,011

E. none of these

Subgoals tested:

* Two, three and four digit by one
digit

. Two and three digit by two digit
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Goal 4: DIVISION OF WHOLE NUMBERS Subgoals tested:

The student can divide whole numbers.

Sample Item

5 1332

A. 70 R 3

B. 70 R 2

C. 7 R 2

D. 65

E. none of these

* Two and three digit divided, one
digit divisor

. Two digit dividend, two digit
divisor



Math - Series B or D
Level 15: RIT Range 190-209

Continued

Goal 5: WHOLE NUMBER NUMERATION

The student can order, compare,
rename and represent whole numbers.

Sample Item

Subgoals tested:

Expanded notation

.
Rename numbers, two and three

digit
Read/write numerals through

millions

In the numeral 5,463,210 the 4 stands for:

A. four thousand

B. four milliOn

C. four hundred

O. forty thousand

E. four hundred thousand

Goal 6: FRACTIONAL NUMBER NUMERATION

The student can order, compare, rename
and represent fractional numbers
(fractions, decimals and percents).

Sample Item

3

T 15

A. 3

B. 6

C. 9

D. 12

E. 15

Subgoals tested:

. Picture to fraction

. Fraction to picture

* Compare and rename (fraction to

fraction)

121
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Math - Series B or 0
Level 15: RIT Range 190-209

Continued

Goal 7: COMPUTATION WITH FRACTIONS Subgoals tested:

* Add/subtract fractions
. Add mixed numbers, like

denominators

5 3
Sample Item

8 8

=1.

A. 1 D.
8

B.
2 E. 7
8 8

C.
3

8

Goal 8: COMPUTATION WITH DECIMALS Subgoal tested:

AND PERCENT

The student can compute with decimals * Add/subtract decimals to

and percents. thousandths

Sample Item

20.36 - .04

A. 20.40

B. 20.32

C. 16.36

O. 24.36

E. none of these



math - Series 8 or D
Level 15: RIT Range 190-209

Continued

Goal 9: GEOMETRY

The student can use knowledge of
geometry.

Sample Item

Subgoals tested:

Recognize common two-dimensional
figures

. Concept of area
Parts of a circle
Shapes and angles
Parallel and intersecting lines
Perimeter of polygons

Which object best shows a picture of an angle?

A. a pair of scissors D. a ball

B. a jar

C. a milk bottle

E. none of these
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Goal 10: MEASUREMENT

The student can use knowledge of
measurement.

Sample Item

Using line segment
line segment 8.

A

A. 2 units

8. 3 units

C. 4 units

O. 5 units

E. 6 units

Subgoals tested:

. Length in inches, centimeters

. Estimate length
. Time: minutes before and after

the hour, addition/subtraction
with hours and minutes

* Money: counting
Capacity: common units,
conversions

Mass: comparisons, conversions
within metric system

A as a unit, estimate the length of



Goal 11: GRAPHS

The student can use graphs, statistics
and probability.

Sample Item

Math - Series 6 or D
Level 15: RIT Range 190-209
Continued

Subgoals tested:

. Interpret bar and line graphs

* Read charts and tables

From: Cost of plane fare (in dollars)

Blueville
Yellowport
Orangeton
Greenmont

100.00
200.00
300.00

100.00

400.00
300.00

200.00
400.00

100.00

To: Blueville Yellowport Orangeton

300.00 !

300.00
100.00 1

--- I

Greenmont

How much does it cost to fly from Yellowport to Greenmont?

A. $100.00

B. $200.00

C. $300.00

D. $400.00

E. none of these

Goal 12: WORD PROBLEMS Subgoals tested:

The student can solve story (word) Simple addition/subtraction
problems. Multiplication

Sample Item

Division
Application of measurement/

computation knowledge and
skills, one step

How many boards 6 inches long can be cut from a board
3 feet long?

A. 3

B. 4

C. 6

O. 9

E. 12
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Math - Series 8 or 0
Level 15: PIT Range 190-209

Continued

Goal 13: PROBLEM SOLVING

The student can use strategies and
processes of problem solving.

Sample Item

Which numbers fit
pattern?

Subgoals tested:

* Extend patterns
* Number and geometric patterns
. Logic and reasoning
. Number sentences

in the blanks to continue the

8, 9,

A.

a.

C.

0.

E.

11,

20,

22,

23,

23,

19,

14,

22

27

29

30

20

18, I -
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MATH - Series B or 0

Level 16: RIT Range 200-219

NOTE: Goals 1 and 2 are not tested at this level.

Goal 3: MULTIPLICATION OF
WHOLE NUMBERS

The student can multiply whole numbers.

Sample Item

853
x 25

A. 5,971

B. 21,325

C. 22,325

D. 878

E. 21,725

Subgoal tested:

* Two, three and four digit by
two digit

Goal 4: DIVISION OF
WHOLE NUMBERS

The student can divide whole
numbers.

Sample Item

13 517r
A. 18 R2

B. 16 R8

C. 18

D. 12

E. none of these

Subgoals tested:

Two and three digit dividend,
one digit divisor

Two, three and four digit
dividend, two digit divisor,
with and without remainders
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Math - Series B or 0
Level 16: RIT Range 200-219

Continued

Goal 5: WHOLE NUMBER NUMERATION

The student can multiply whole numbers.

Sample Item

6 x 103 equals

A. 60

B. 180

C. 600

Subgoals tested:

Order of three digit numbers
Expanded notation
Rename numbers, two and three

digit
Read/write numerals through

millions

D. 1,800

E. 6,000
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Goal 6: FRACTIONAL NUMBER NUMERATION

The student can order, compare, rename
and represent fractional numbers
(fractions, decimals and percents).

Sample Item

Which is smallest?

A.
1

B.

C.

3

Subgoals tested:

. Picture to fraction
* Compare and rename fractions

to fractions

D.

E.

1

8

1

12



Goal 7: COMPUTATION WITH FRACTIONS

The student can compute with
fractions.

Sample Item

Math - Series 8 or 0
Level 16: RIT Range 200-219
Continued

Subgoals tested:

Add/subtract fractions
. Add mixed numbers, like

denomination
Subtract mixed numbers, like

denomination
Read/write numerals to 10,000

9 3

16 16

A. 6 0. 1

0 6

B. 6 E. 12
16 16

C. 3
4
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Goal 8: COMPUTATION WITH DECIMALS
AND PERCENT

The student can compute with decimals
and percents.

Sample Item

80.733 - 10.4 =

A. 70.433

8. 80.631

C. 80.629

D. 70.629

E. 70.333

Subgoals tested:

. Add/subtract decimals to
hundreds

* Add/subtract/multiply decimals
to thousandths



Math - Series B or D
Level 16: RIT Range 200-219

Continued

Goal 9: GEOMETRY

The student can use knowledge of
of geometry.

Sample Item

Subgoals tested:

Recognize common shapes, figures
Concept of area
Parts of a circle
Shapes and angles
Parallel and intersecting lines
Perimeter of polygons

The formula for the perimeter of a square
is P = 4s. Find the perimeter of a square if
one side is 6 inches long.

A. 36"

B. 24"

C. 12"

D. 10"

E. 16"
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Goal 10: MEASUREMENT

The student can use knowledge
of measurement.

Sample Item

Subgoals tested:

Length in inches, in centimeters
Estimate length, English and

metric
Compare lengths, English and

metric
Time: addition/subtraction,

hours and minutes
Capacity: common units,
conversions

Conversions within metric systems
Select appropriate unit

Which is the best for measuring the distance
between two towns?

A. millimeter

B. kilometer

C. centimeter

D. meter

E. acre



Goal 11: GRAPHS

The student can use graphs, statistics
and probability.

Sample Item

Math - Series B or 0
Level 16: RIT Range 200-219
Continued

Subgoals tested:

Interpret bar and line graphs
Read charts and tables
Probability of simple events
Determine averages (means)

(4, 6, 7, 8, 10)

What is the mean (average) of the five numbers?

A. 6

8. 35

C. 7

D. 8

E. 7

Goal 12: WORD PROBLEMS

The student can solve story (word)
problems.

Sample Item

Subgoals tested:

Multiplication
Division

. Estimating
Application of measurement/

computation knowledge and
skills, one or more steps

Mrs. Barnes drove her car 260 miles on 13 gallons
of gas. How many miles per gallon did her car average?

A. 2 mpg

B. 20 mpg

C. 30 mpg

D. 50 mpg

E. none of these
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math - Series B or 0
Level 16: RIT Range 200-219

Continued

Goal 13: PROBLEM SOLVING

The student can use strategies and
processes of problem solving.

Sample Item

If a + 4 = b and 4 + c = b, then

A.

B.

C.

D.

E.

Subgoals tested:

Comparison
Extend patterns
Number and geometric patterns
Logic and reasoning
Number sentences

* Properties of operations

a equals c

a is less than c

a is greater than c

there is not enough information to

determine the relation between a and c

none of these is true
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MATH - Series 8 or 0

Level 17: RIT Range 210-229

NOTE: At this level, Goals 1 and 2 are not tested.

Goal 3: MULTIPLICATION OF WHOLE NUMBERS Subgoals tested:

The student can multiply whole numbers.

Sample Item

502
x 670

A. 65,260

B. 34,840

C. 336,842

D. 336,340

E. none of these

. Two, three and four digit by one

digit
* Two, three and four digit by

three digit
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Goal 4: DIVISION OF WHOLE NUMBERS Subgoals tested:

The student can divide whole numbers.

Sample Item

56 1 473

A. 80

8. 8 R 25

C. 9 R 171

D. 8.25

E. none of these

. Three and four digit dividend,
two digit divisor

* Three and four dividend, one
and two digit divisor, with
remainder
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Math - Series B or D
Level 17: RIT Range 210-229

Continued

Goal 5: WHOLE NUMBER NUMERATION

The student can order, compare,
rename and represent whole numbers.

Subgoals tested:

. Expanded notation
. Rename numbers
. Read/write numerals through

millions
* Order numbers with exponents
. Round numbers
. Common factors

Sample Item

Which of these is the largest?

A. 104

B. 53

C. 34

D. 102

E. 202

Goal 6: FRACTIONAL NUMBER NUMERATION

The student can order, compare, rename
and represent fractional numbers
(fractions, decimals and percents).

Sample Item

3 equals

A. .34

B. .25

C. .75

O. .85

E. none of these

Subgoals tested:

. Order, compare, rename fractions

to hundredths
. Order, compare, represent

decimals to hundredths
* Rename fraction as decimal, to

hundredths
. Place value to right of.de4mal

point



Goal 7: COMPUTATION WITH FRACTIONS

Sample Item

2 , 3
3-7 A J.

A.
2

x 4
7 3-

8.
2 5

x
87

C.
27 x 8

5

Math - Series B or D
Level 17: RIT Range 210-229

Continued

Subgoals tested:

Add/subtract fractions
. Add/subtract mixed numbers, like

denominators
Add/subtract mixed numbers,

unlike denominators
Multiply mixed numbers, like and

unlike denominators

D.
7 x

5

8

E.
2

7
x 3

5

Goal 8: COMPUTATION WITH DECIMALS
AND PERCENT

The student can compute with decimals
and percents.

Sample Item

3.07 + .4 + 3.2 + .005 =

A. 10.275

B. 3.84

C. 3.795

Subgoal tested:

. Add/subtract decimals to
hundredths

Add/subtract/multiply decimals
to thousandths

Divide with decimals
Estimate computations, mixed

decimals

0.

E.

6.135

6.675
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Math - Series B or U
Level 17: RIT Range 210-229

Continued

Goal 9: GEOMETRY Subgoals tested:

The student can use knowledge of Recognize common shapes, figures

aeometry. Parts of a circle

Sample Item

Find the area of the rectangle.

12 cm.

A. 30 sq. cm.

B. 360 sq. cm.

C. 36 sq. cm.

3 cm.

Perimeter of polygons
Area and volume
Angle classification
Parallel and intersecting lines
Congruent figures

O. 24 sq. cm.

E. 15 sq. cm.
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Goal 10: MEASUREMENT Subgoals tested:

The student can use knowledge of Estimate length, English and

measurement. metric
. Length in inches, in centimeters
. Length: comparison of English and

metric, conversion within
metric system, conversion
within English system

Angles to nearest 50
Time: addition/subtraction,

hours and minutes
Weight: English units,

conversions

Sample Item

5 hours, 20 minutes
- 2 hours, 35 minutes

A. 3 hrs. 15 min.

B. 2 hrs. 95 min.

C. 3 hrs. 55 min.

O. 2 hrs. 55 min.

E. none of these
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Goal 11: GRAPHS

The student can use graphs, statistics
and probability.

Sample Item

Math - Series 8 or D
Level 17: RIT Range 210-229

Continued

Subgoals tested:

Interpret bar and line graphs
Interpret circle graph
Read charts and tables
Determine average (mean)
Probability of simple events,

as a fraction

Expenditures of a business
for 1974 - 1978

Year
Expenditures

(x s. $500 Thousand)

1974 xxxxxxxxxxxx

1975 x x x x x x x x x x x x x x x

1976 xxxxxxxxxxxxxx

1977 xxxxxxxxxxxxxxxx

1978 xxxxxxxxxxtxxxxxx

According to
expenditures

the above chart, for which year did
decrease from the prior year?

A. 1974

B. 1975

C. 1976

D. 1977

E. 1978



math - Series B or D
Level 17: RIT Range 210-229

Continued

Goal 12: WORD PROBLEMS Subgoals tested:

The student can solve story (word) . Estimating

problems. . Multiplication
. Division
* Application of measurement/

computation knowledge and
skills, more than one step

Sample Item

A walker walks 6 1 miles in 17
1

hours.
At the same rate,2-how far would he walk in 6 hours?

A. 71 miles
2

B. 19 1 miles
2

C. 24 miles

D. 26 miles

E. 39 miles

Goal 13: PROBLEM SOLVING Subgoals tested:

The student can use strategies and
processes of problem solving.

Sample Item

* Extend patterns
* Number and geometric patterns

Properties of operations
* Logic and reasoning
. Number sentences

Ann drew lines around 3 rows and 3 columns of the
month of September on a calendar. The upper left hand
corner was the 4th of the month. What date was in the
lower right hand corner?

September

Wed Thur Fri
A. 12

4 B. 15

C. 20

D. 21

E. 30
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MATH - Series 8 or D

Level 18: RIT Range 220-239

NOTE: Goals 1 and 2 are not tested at this level.

Goal 3: MULTIPLICATION OF
WHOLE NUMBERS

The student can multiply whole numbers.

Sample Item

8673
x 709

A. 685,167

B. 6,149,157

C. 6,149,154

O. 610,491,570

E. none of these

Subgoal tested:

* Two, three and four digit by

two digit

Goal 4: DIVISION OF
WHOLE NUMBERS

The student can divide whole

numbers.

Sample Item

74185 = 37 =

A. 2500

B. 2005

C. 205

D. 25

E. none of these

Subgoals tested:

Three and four digit dividend,

one and two digit divisors,

with remainders
Four and five digit dividends,

two and three digit divisors,

with remainders
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Math - Series 6 or 0
Level 18: RIT Range 220-239

Continued

Goal 5: WHOLE NUMBER NUMERATION

The student can order, compare, rename
and represent whole numbers.

Sample Item

In the numeral 536,732 the

a b

Subgoals tested:

Numeration through millions

. Round numbers
Estimate sums, differences
Order numbers with exponents
Rename, including scientific

notation
Common factors

3 at "a" is how many times as large as the 3 at "b"?

D. 10,000

E. none of these

A. 10

B. 100

C. 1,000
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Goal 6: FRACTIONAL NUMBER NUMERATION

The student can order, compare, rename
and represent fractional numbers
(fractions, decimals and percents).

Sample Item

40% equals

A. .04

B. .004

C. 2

Subgoals tested:

. Order, compare, rename, represent
fractions to hundredths

Order, compare, rename, represent
decimals to thousandths

. Rename fraction as decimal, to
thousandths

Ratios, percents

D.

E.

3

5

4

5



Goal 7: COMPUTATION WITH FRACTIONS

Sample Item

7
2

2
x 3 .N

3

A.
93
64

B.

C. ,-
24

Math - Series B or D
Level 18: RIT Range 220-239

Continued

Subgoals tested:

. Add/subtract fractions
Add subtract mixed numbers,

like denominators
. Add/subtract mixed numbers,

unlike denominators
Multiply mixed numbers, like and

unlike denominators
*.

1
D. 10-

3

E. none of these

Goal 8: COMPUTATION WITH DECIMALS
AND PERCENT

The student can compute with decimals
and percents.

Sample Item

7% of 91 =

A. 13

B. 6.37

C. 637

D. 63.7

E. none of these

Subgoals tested:

. Add/subtract decimals to

thousandths
Multiply decimals to thousandths
Add/subtract/multiply percents
Divide with decimals and percents
Estimate sums, differences with

decimals and percents
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Math - Series B or D
Level 18: RIT Range 220-239

Continued

Goal 9: GEOMETRY

The student can use knowledge
of geometry.

Sample Item

If each side of a rectangle
the area will be

A. 8 times greater

B. 4 times greater

C. 2 times greater

D. 4 greater

E. 2 greater

Subgoals tested:

Recognize common shapes, figures
Parts of a circle
Shapes and angles
Congruent shapes, figures
Parallel and perpendicular lines

. Perimeter of polygons
Area and volume
tines, line segments, angles
Congruent and similar figures

is doubled,

Goal 10: MEASUREMENT

The student can use knowledge
of measurement.

Sample Item

2.4 kilometers =

A. 240 meters

B. 2400 meters

C. 2.4 meters

D. .24 meters

E. 24 meters

Subgoals tested:

Length: conversions within
English and metric systems,
computations

Capacity: common units,
conversions

Angle: to nearest degree and
estimation
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Goal 11: GRAPHS

The student can use graphs, statistics
and probability.

Sample Item

Find the average of 34,

A. 57

8. 229

C. 55.75

D. 32

E. none of these

Math - Series 8 or D
Level 18: RIT Range 220-239
Continued

Subgoals tested:

. Interpret line and bar graphs

. Interpret circle graphs
Read charts and tables
Probability of simple event as

a fraction
Determine average (mean)

56, 63, and 75.

Goal 12: WORD PROBLEMS

The student can solve story (word)
problems.

Sample Item

Subgoals tested:

One or more step, factors,

percent
* Application of measurement/

computation knowledge and
skills, more than one step

Ken had $150 in the bank. He withdrew one-third of the
money, then went back later and withdrew one-fourth of what
was left. What was his balance in the bank?

A. $25

B. $50

C. $75

D. MO

E. none of these
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Math - Series 6 or 0
Level 18: RIT Range 220-239

Continued

Goal 13: PROBLEM SOLVING

The student can use strategies and
processes of problem solving.

Sample Item

Subgoals tested:

Extend patterns
Number and geometric patterns

Properties of operations
Logic and reasoning
Number sentences

Which statement below is NOT always true for

whole numbers?

A. axb=bxa

B. ax0= 0

C. a+b=b+ a

D. a-b=b- a

E. 3xa=a+a+ a
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MATH - Series B or D

Level 19: RIT Range 230-249

NOTE: Goals 1, 2 and 3 are not tested at this level.

Goal 4: DIVISION OF
WHOLE NUMBERS

The student can divide whole
numbers.

Sample Item

376 rai757

A. 183 R 167

B. 209 R 51

C. 192 R 6543

D. 182 R 303

E. none of these

Subgoals tested:

* Four and five digit dividends,
two and three digit divisors,
with and without remainders

Goal 5: WHOLE NUMBER NUMERATION

The student can order, compare, rename
and represent whole numbers.

Sample Item

68,000 equals

A. 6.8 x 10 2

B. 6.8 x 10 3

C. 6.8 x 10

D. 6.8 x 10 5

E. none of these

Subgoals tested:

. Estimating sums, differences
Numeration through millions

* Expanded notation with exponents
. Round numbers
. Order numbers with exponents
. Rename numbers including

scientific notation
. Common factors
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math - Series B or 0
Level 19: RIT Range 230-249

Continued

Goal 6: FRACTIONAL NUMBER NUMERATION

The student can order, compare, rename
and represent fractional numbers
(fractions, decimals and percents).

Sample Item

Subgoals tested:

. Order, compare, rename, represent
fractions and decimals to
thousandths

. Ratio and percents
* Fractions to decimals to percents
. Place value to right of decimal

point
. Estimate with fractions,

decimals, percents

The numeral 7 2
. written in decimal form is:
5

A. 7.3

B. 7.35

C. 7.6

D. 7.5

E. none of these

Goal 7: COMPUTATION WITH FRACTIONS

The student can compute with
fractions.

Sample Item

3 3 3+ 4 =
47

A.
525

32

B.

C.

7

6

6

7

Subgoals tested:

. Add/subtract mixed numbers, like
and unlike denominators

. Multiply mixed numbers, like and
unlike denominators

* Divide mixed numbers, like and
unlike denomination

D. 12
32

E. none of these
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Math - Series B or
Level 19: RIT Range 230-249

Continued

Goal 8: COMPUTATIONAL WITH DECIMALS Subgoals tested:

AND PERCENT

The student can compute with decimals
and percents.

Sample Item

What percent of 400 is 80?

Add/subtract/multiply decimals
to thousandths

Add/subtract/multiply percents
* Divide with decimals and percents

Estimate computations, mixed
decimals and percents

A. 5% D. 500%

B. 32X E. none of these

C. 20X

Goal 9: GEOMETRY Subgoals tested:

The student can use knowledge of

of geometry.

Sample Item

. Recognize common shapes, figures
Area and volume
Parallel and perpendicular lines

. Perimeter of polygons

. Congruent and similar figures
Lines, line segments, angles

The formula for finding the area of a triangle

1
is A = -fx base x height. Find the area of a

triangle of the base is 6 inches and the height

is 8 inches.

A. 48 sq. inches

B. 24 sq. inches

C. 12 sq. inches

O. 7 sq. inches

E. none of these

146



Math - Series 8 or 0
Level 19: RIT Range 230-249

Continued

Goal 10: MEASUREMENT

The student can use knowledge

of measurement.

Sample Item

8.7 centimeters

A. .87

=

Subgoals tested:

Length: English and metric,
computation and conversions
within system

Capacity: computation and
conversion

Angle: to nearest degree, and
estimation

. Operations on units of
measurement

millimeters

8. .087

C. 87

O. 870

E. none of these

Goal 11: GRAPHS

The student can use graphs, statistics

and probability.

Sample Item

Subgoals tested:

Interpret line and bar graphs
Interpret circle graphs
Read charts and tables
Probability of simple event

as a fraction
Determine average (mean)

Seven blue, six red, five yellow and two pink slips of

paper are mixed in a bowl. The chances that the first

slip drawn at random will be PINK are given by which of

the expressions below?

A.
2

7 + 6 + 5 + 2

B.
1

7 + 6 + 5

C.
2

7 + 6 + 5 + 1

0.
1

7 + 6 + 5 + 2

E. none of these
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Math - Series B or
Level 19: RIT Range 230-249

Continued

Goal 12: WORD PROBLEMS Subgoals tested:

The student can solve story (word) . More than one step, factors,

problems. percent
* Application of measurement/

computation knowledge and
skills, one or more steps

. Estimation

Sample Item

Diane is paid $8.50 an hour, and time-and-a-half
for overtime (above 40 hours per week). If she worked
45 hours last week, how much did she earn?

A. $63.75

B. $363.75

C. $573.75

O. $403.75

E. none of these

Goal 13: PROBLEM SOLVING Subgoals tested:

The student can use strategies and
processes of problem solving.

Sample Item

To make

A.

B.

C.

i

15

8

19

- 3

1
6

5

6

= 12

. Extension of patterns

. Number and geometric patterns
. Properties of operations

Logic and reasoning
Number sentences
Operations on integers

TRUE, x = r---1

D. 90

E. 91
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MATH - Series 8 or 0

Level 20: RIT Range 240-259

NOTE: Goals 1, 2, 3 and 4 are not tested at this level.

Goal 5: WHOLE NUMBER NUMERATION

The student can multiply

Sample Item

whole numbers.

Which of these numbers

84, 46, 253; 114, 105

A. 84

B. 46

C. 253

Subgoals tested:

Numeration through millions
Estimate sums, differences
Round numbers
Order numbers with exponents
Rename, including scientific

notations
. Common factor
. Prime factors

is the largest?

0. 114

E. 105

Goal 6: FRACTIONAL NUMBER NUMERATION

The student can order, compare, rename
and represent fractional numbers
(fractions, decimals and percents).

Sample Item

Subgoals tested:

* Order, compare, rename, represent
fractions and decimals to

thousandths
Ratios, percents, proportion
Fractions to decimals to percents
Place value to right of decimal

point
Scientific notation, exponents

* #

In the number 777.777, the value of the 7 below the #

is what fraction of the 7 below the *?

A. 1 0. 1

7 10

B. 1 E. 1

700 1000

C 1

7000
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Goal 7: COMPUTATION WITH FRACTIONS

The student can compute with
fractions.

Sample Item

3
3

= 4 r,3 -

525
A.

8.

C.

32

7

6

6

7

Math - Series 8 or D
Level 20: RIT Range 240-259

Continued

Subgoals tested:

Add/subtract mixed numbers,
unlike denominators

Multiply mixed numbers, unlike
denominators

Divide mixed numbers, unlike
denominators

9
D. 12

32

E. none of these

Goal 8: COMPUTATION WITH DECIMALS
AND PERCENT

The student can compute with decimals
and percents.

Sample Item

15 is what % of 75?

A.

8. 5%

C. 15%

15

75%

Subgoals tested:

. Add/subtract/multiply decimals
to thousandths

Add/subtract/multiply percents
* Divide with decimals and percents

. Estimate computations, mixed
decimals and percents

D. 20%

E. 3Ct%
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Math - Series 8 or
Level 20: RIT Range 240-259

Continued

Goal 9: GEOMETRY Subgoals tested:

The student can use knowledge of
of geometry.

Sample Item

Perimeter of polygons
Area and volume

. Parallel and perpendicular lines
Congruent and similar figures
Line, line segments, angles

The area of a square region is 196 units. How long is each side?

A. 14 units

8. 49 units

1
C. 65 - 5 units

D. 12 units

E. none of these

Goal 10: MEASUREMENT

The student can use knowledge
of measurement.

Sample Item

2 cubic feet equals

A. 24 cubic in.

8. 1728 cubic in.

C. 3456 cubic in.

D. 72 cubic in.

E. none of these

Subgoals tested:

Length: English and metric
comparisons, computation,
conversion within systems

Capacity: conversion,
computation

Angles: estimate size
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Goal 11: GRAPHS

The student can use graphs, statistics
and probability.

Sample Item

Math - Series B or 0
Level 20: RIT Range 240-259
Continued

Subgoals tested:

Interpret circle graphs
Read charts and tables

. Probability of event as
a fraction

Determine average (mean)

In 4 games, Cindy had 7 hits in 13 times at bat.
What was her batting average?

A. .538

B. .364

C. .109

D. .800

E. none of these
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Goal 12: WORD PROBLEMS

The student can solve story (word)
problems.

Sample Item

Subgoals tested:

More than one step, factors,
percent

Application of measurement/
computation knowledge and
skills, more than one steps

On a map I inch represents an actual distance
4

of 75 miles. The distance between two towns on the

map is 1 1 inches. The two towns are how many
8

miles apart?

A. 675 miles

B. 600 miles

C. 337.5 miles

D. 300 miles

E. 168.5 miles
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Goal 13: PROBLEM SOLVING

The student can use strategies and
processes of problem solving.

Sample Item

Subgoals tested:

. Extension of patterns

* Number and geometric patterns

* Properties of operations

. Logic and reasoning

* Number sentences
.

Operations on integers

If p, 0, and 0 represent numbers and

x + 0 .- + .
then which of the following is an example
of the above?

IL 21 115 11 21 115
(3 x 9 73) + (42 .pi) = 3 7+ 9 43 + 42

II 21 in 21 11 115
B. (3 17 x 9-410 + (42 x 9 7,3- (3 7 + 42 .73)

11 21 115 11 115 21
C. 3 7 + 9 --4-3- + 42 (3 TT + 42 x 9 -

11 21 115 11 115 21
3 7 x 9 za x 42 -D-9- = (3 -0- + 42 -25) x 9 i--a

A.

D.

E. none of these

x 9
21

43


