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The literature reveals some studies dealing with behav-

ioral objectives, but few of these concern the community 

college. Almost no research has dealt directly with student 

self-evaluation testing. The purpose of this study was to 

determine whether· the use of behavio r al objectives with and 

without student self-evaluation testing could improve achieve-

ment and reduce attrition in Intermediate Algebra at the com-

munity college. 

Three Intermediate Algebra sections at Broward Community 

College, Ft. Lauderdale, were each randomly subdivided into 

two classes. The investigator and a colleague each taught 

three classes, each class by a different instructional method. 

The control method LR involved traditional lecture and test 

review. In the experimental treatment LOR, references were 

made to stated lists of behavioral objectives during the lee-

tures and review sessions. Treatment LOS was identical to 

LOR, except that review was replaced by self-evaluation 
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testing. Students returned the self-evaluation tests after 

keying them and noting the objectives missed. A comprehen

sive pretest was administered the first class meeting. This 

same test served as a posttest and course final examination. 

Six unit tests were administered during the term. 

Student achievement was measured by the raw posttest 

score (A1) and by a composite score of unit test and posttest 

percentages (A 2). Seven research hypotheses relating to the 

independent variables instructional method, instructor, and 

sex, and their interactions, were tested for both measures. 

Separate analyses of covariance with the covariates age and 

pretest score were performed to test the seven hypotheses for 

A1 and A2 . No significant differences were. found for A1 . 

Sex, however, was found to be significant in affecting A2 , 

f (1, 81) = 5.150, £ ~ . 026 , with females achieving higher 

scores than males. Differences in A2 due to method were near 

significance, f (2, 81) = 2.928, £ < .059. The mean A2 score 

for method LR was 1.39 above that of LOR and 6.99 above that 

of LOS. The analyses of covariance indicated that pretest 

scores did significantly affec t both A1 and A2 , £ < .001. 

Six research hypotheses tested the effects of method, in

structor, sex, method and instructor acting together, method 

and sex acting together, and course time interval upon with

drawal rate, WR. Chi -square tests were applied to the with

drawal data. Withdrawal rate varied significantly with re

spect to sex at the . OS level; 56.3 % of the males withdrew; 

v 



41.1% of the females withdrew. Method and sex acting together 

were found to affect WR. Females withdrew significantly less 

2 than males within method LR, X (1) = 8.978, £ < .01. Finally, 

25.5% of the students taking the pretest withdrew between 

Unit Tests 1 and 3, prior to the completion of the review of 

Elementary Algebra. 

It was concluded that for Intermediate Algebra, composite 

scores are better measures of achievement than single posttest 

scores, that pretest scores can be used as predictors of 

achievement, that female students are more persistent and 

achieve better than males, and that students tend to withdraw 

during the review units of the course. Further, the use of 

behavioral objectives did not significantly affect student 

achievement in lecture-taught classes. Self-evaluation testing 

had a negative effect on achievement--perhaps due to anxiety 

resulting from the testing format. 

Research needs to further explore the use of self-

evaluation testing as a learning tool. The causes of heavy 

attrition in Intermediate Algebra, particularly the attrition 

of males, need to be found. Also, more research is necessary 

to verify the usefulness of pretest scores as predictors and 

composite scores as measures of achievement in Intermediate 

Algebra. 
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CHAPTER I 

THE PROBLEM 

Introduction 

The efforts of mathematics teachers to provide for 

individual differences have led to several interesting 

movements. The programmed instruction movement began in 

the fifties, ballooned in the sixties, and has perhaps 

reached its peak with the current use of computers to write 

individual student programs (Spuck, Hunter, Owen, & Belt, 

1975). Individualized instruction in mathematics has been 

around for at least half a century (Snader, 1937; Douglass, 

1936), but its rejuvenation in the last thirty years has re

sulted from the programmed instruction movement. The use 

of behavioral ( instructional ) objectives and student self

evaluation tests seem to be at the heart of most of the 

current systems for individualizing. 

W. James Popham ( 1970) gave the programmed instruction 

movement full credit for the promotion of the use of behav

ioral objectives in the sixties that has resulted 1n their 

widespread use today. Although the publication of Bloom's 

taxonomy (Bloom, 1956) drew attention to the need for be

havioral objectives, Popham points out that Robert Mager's 

volume Preparing Instructional Objectives (Mager, 1962 ) 

was more influential in causing educators to actuall y write 

them and use them. Since the early sixties, however, 

1 
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serious studies have shown mixed results on individualized 

instruction (Miller, 1976; Schoen, 19 76 ) and on programmed 

instruction (Furno, Gerardi, & Armacost, 1970). A controversy 

has resulted concerning the use of behavioral objectives 

(Allendoerfer, 1971; Forbes, 1971; Eisner, 196 7). In the 

light of the mixed research results and mixed opinions, c e r-

tain mathematics educators are advising caution to teachers 

and schools wishing to convert to a sy stem of individualized 

instruction in mathematics (Miller, 1 976 ; Schoen, 1976 ) or 
' 

who otherwise might emplo y behavioral objectives in their 

instructional techniques (N ichols, 19 7 2) . Lest this hold-the-

line attitude cause mathematics teachers, particularl y those 

in the community college, to discount all aspects of indi-

vidualized instruction, this investi gator desired to point 

out that certain of its aspects--t he use of behavioral ob-

jectives and student self-evalua ti on tests--can enhance the 

traditional classroom approach to teaching mathematics. 

The Intermediate Algebra course at many community col-

leges is plagued with problems--varied student backgrounds 

and abilities, lack of proper counseling and placement, the 

negative stigma attached to review materials, excessiv e 

material for one semester coverage, and others. These 

problems have resulted in poor achievement and a low pass-

ing rate 1n this course. In the search for techniques to 

improve the passing rat e in this course, the investig a tor 
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came to believe that the use of behavioral objectives in 

traditionally-taught classes could improve student achieve

ment in Intermediate Algebra at the community college. 

Further, this investigator believed that use of student 

self-evaluation tests in conjunction with behavioral ob

jectives would be even more effective. It was in an effort 

to substantiate these beliefs that this study was done. 

Purpose 

This study had as its goal the validation of behavioral 

objectives and student self-evaluation tests as viable tools 

of instruction in the teaching of community college mathe

matics: to determine to what extent the use of these ln

structional tools would affect the student's learning of 

mathematics. In particular, the primary purpose of this 

study was to determine whether, in Intermediate Algebra 

classes in the community college, the use of behavioral ob

jectives alone or the use of behavioral objectives in con

junction with student self-evaluation tests would improve 

the achievement of students who are taught by the lecture 

method. A secondary purpose was to determine if this usage 

would decrease student attrition 1n Intermediate Algebra. 

Research Questions 

These questions relate to Intermediate Algebra at the 

community college: 
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1. Does the use of behavioral objectives or the use of 

behavioral objectives in conjunction with self

evaluation tests significantly improve the effect 

of the lecture method upon student achievement and 

withdrawal rate? 

2. Do the teaching methods described in Question 1 

have varying effects upon the achievement and number 

of withdrawals of students of different sexes? 

3. Will there be significant differences in the effects 

of these methods upon student achievement and with

drawal as a result of the instructor teaching the 

class? 

4. Is there a significant difference in the number of 

withdrawals during different time intervals of the 

course? 

In an attempt to answer these questions, thirteen re

search hypotheses have been tested. 

Research Hypotheses 

There are two criterion measures of student achievement: 

the raw posttest score (A1) and a composite score (A2). Each 

measure has been examined for each of the hypotheses dealing 

with the effects of the independent variables (method, sex, 

and instructor) separately, and for first-order and second

order interactions. 
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The following hypotheses apply to Intermediate Algebra 

at the community college for each of the criteria A1 and A2 . 

There are no main effects associated with: 

1. Method. 

2. Instructor. 

3. Sex. 

There are no first-order interactions associated with: 

4. Method X instructor. 

5. Method X sex. 

6. Instructor X sex. 

There are no second-order interactions associated with: 

7. Method X instructor X sex. 

The criterion measure of withdrawal rate, WR, has been· 

examined for main effects with respect to the three indepen

dent variables method, instructor, ind sex. WR has further 

been examined for the effect of method and instructor acting 

together, for the effect of method and sex acting together, 

and for the effect of time interval of the course. 

The following hypotheses apply to Intermediate Algebra 

at the community college for the criterion WR. 

There are no significant differences associated with: 

8. Method. 

9. Instructor. 

10. Sex. 

11. Method and instructor acting together. 

12. Method and sex acting together. 

13. Time interval of the course. 
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Definition of Terms 

Intermediate Algebra. Formerly named Basic College 

Mathematics at Broward Community College, Intermediate Alge-

bra is a three-semester-hour basic course in algebra that 

emphasizes operations with algebraic symbols, solution of 

equations, functional relationships, graphs, verbal problems, 

and selected additional topics. This is the first college-

level algebra course which is accepted for credit by universi-

ties and four-year colleges in Florida. The Appendixes refer 

to Intermediate Algebra by Mathematics 131, the course number 

for registration at Broward Community College. 

Behavioral Objectives. The behavioral objectives used 
--+------------~-------

1n this study consist of six lists of teacher-constructed 

statements which describe what the student is expected to do 

at the end of each of the six units in the course Intermediate 

Algebra. These are included in Appendix C. 

Self-evaluation Tests. These were six tests taken and 

keyed by the students in one of the treatment groups during 

the class periods just preceding the unit test dates. A 

sample test is included in Appendix E. 

Al and Az. These are the two criterion measures of 

achievement which were used in this study. A1 is the raw 

posttest score. A2 is a composite score of which 80% 1s the 

percentage average of the six unit test scores, and 20% 

is the percentage score on the posttest. 
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LR, LOR, and LOS. These symbols refer to the three 

treatments (methods of instruction) in this study. These 

are operationally defined in Chapter III. 

WR. This symbol refers to withdrawal rate which was 

used as a measure of student attrition. WR is also opera

tionally defined in Chapter III. 

Scope and Delimitations 

The effectiveness of the use of behavioral objectives 

alone or in conjunction with student self-evaluation tests 

was evaluated during a second-semester term in Intermediate 

Algebra classes at Broward Community College Central Campus 

in Fort Lauderdale, Florida. Six classes were taught by two 

instructors with each instructor teaching three classes--one 

by method LOR, one by method LOS, and one by method LR. 

Two hundred and fifteen students registered in three sections 

at nine, eleven, and twelve in the morning for an hour each 

on Monday, Wednesday, and Friday of each week. These three 

sections were then subdivided into six classes. This choice 

of scheduling was due to the desire to control the variable 

time. Also, the sections used in the study were chosen to 

conveniently fit the Broward Community College mathematics 

class schedule. 

Broward Community College is an urban community col

lege drawing its students from a metropolitan area adjacent 

to Dade County, Florida. It does not, however, draw a 
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large percentage of its student population from the inner 

city. Broward Community College was chosen as a matter of 

convenience to this investigator, a Broward faculty member, 

and to insure control over the treatments in the study. 

Since the sample was taken exclusively from the Inter

mediate Algebra students at Broward Community College who 

registered for daytime (prime time) classes, the results of 

the study are applicable with a great degree of confidence 

only to similar students in community colleges whose student 

population is similar to that of Broward's. 

A second delimitation of the study was the care with 

which instructors were selected and the degree of coopera

tion exercised by them. This cooperation by carefully 

chosen instructors insured that all classes we re treated 

alike except in the ways outlined in the detailed descrip

tions of LR, LOR, and LOS given in Chapter III. This delimi

tation, in fact, helped to lessen the teacher effect on the 

outcomes of the study. Due to this delimitation, the appli

cability of the results of this study to all community col

lege mathematics teachers has been reduced. However, the 

applicability of the results to extremely careful teachers 

has perhaps increased. 

Assumptions 

It was assumed that students electing to register in 

the three daytime sections of Intermediate Algebra previously 
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described were randomly distributed as to ability, mathe

matical background, number of semester hours attempted, and 

number of hours worked per week. Each section was randoml y 

subdivided into two classes to which treatments were ran

domly assigned. It was further assumed that this procedure 

insured that the students within treatments were also ran

domly distributed with respect to the same variables. 



CHAPTER II 

REVIEW OF RELATED RESEARCH 

Theories of Teaching and Behavioral Objectives 

N. L. Gage (1964, p. 268) stated i n the sixty-third 

yearbook of the National Society for the Study of Educa

tion that "the limited usefulness of learning theory in 

education has long been acknowledged." He further clari

fied this by arguing that theories of learning deal with 

the way in which an organism learns while theories of teach

ing deal with ways in which a person influences an organsim 

to learn. "The implications of learning theory need to be 

translated into implications for ·the behavior of teachers" 

(p. 271). The explanation and control of the · teaching act 

can not be accomplished unless there is a science and tech

nology of teaching in its own right. Gage thus points to 

the need for theories of teaching. 

J. S. Bruner in the same yearbook outlines four major 

features of a theory of instruction: 

1. A theory of instruc t ion should specify the experi

ences which most effectively implant in the individ

ual a predisposition toward learning--learning 

in general or a particular type of learning. 

2. Second, a theory of instruction must specify the 

ways in which a body of knowledge should be structured 

1 0 
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so that it can most readily be grasped by the 

learner. 

3. Third, the theory of instruction should specify 

the most effective sequences in which to present 

the materials to be learned. 

4 . Finally, a theory of instruction should specify 

the nature and pacing of rewards and punishments 

in the process of learning and teaching. 

308) 

(pp . 307-

Behavioral objectives fit into feature one because they 

describe goals (in specific terms), and according to Bruner, 

a sense of the goal of a task is necessary for a predispo

sition toward learning (p. 309 ) . Behavioral objectives 

help provide structure to a d iscipline because they provide 

a set of actions appropri a te for achieving a certain result. 

This is one of the three ways any domain of knowledge can 

be represented. According to Glaser (undated, p. 787), 

behavioral objectives can be used to sequence transitional 

behavior (behavior the student carries out in attaining 

terminal behavior confidence ) and thus to sequence the 

learning of materials . Finally, the accomplishment of the 

terminal behavior specified in objectives serves as an 

"intrinsic motive" as described by Bruner ( 196 6, pp. 113-

121). In this book, Toward a Theory of Instruction, Bruner 

does not claim that theories of instruction exist. He 
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hopes to help guide in their development. Certain aspects 

of behavioral objectives appear to be compatible with his 

guidelines as stated previously, and this might warrant the 

use of behavioral objectives as part of a theory of instruction. 

Literature on Topics Related to the Study 

Programmed Instruction 

Concepts. According to Dale (1967, p. 29) , "the ap

pearance of programmed instruction in the 1950 s was not the 

result of a continuous evolution from earlier educational 

efforts in instructional analysis.'' Programmed instruction 

became popular after Sputnik I because of a cultural need 

for what it and teaching machines had to offer. Pro

grammed instruction entered upon the educational scene by 

way of psychology. The use of the term programmed instruc

tion is associated with B. F. Skinner, with computers, and 

with teaching machines that were used during and after 

World War II to train soldiers. 

Programmed instruction (PI) can be capsulized from an 

article by Coulson in 1963: 

1. PI can be used to provide education to students 

without the necessity for a human teacher to be 

present. 

2 . PI requires logical organization of the instruc

tional material and careful analysis of the educa 

tional objectives of the lesson. 
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3. PI requires active participation by the student. 

4. PI provides feedback to the student about his 

progress in the lesson and reinforces him for 

desired behavior. 

5. More importantly, perhaps, programmed instruction 

provides feedback to the teacher or lesson designer 

which permits him to revise and improve the material5. 

(p. 373) 

Dale (1967) indicated a key f actor 1n programmed in

struction is the detailed specification of objectives of 

instruction in behavioral terms. Thus the use of behav

ioral objectives was a part of the programmed instruction 

movement. In fact, Mager's 196 2 handbook Preparing Instruc

tional Objectives was a guide to program writers. 

In 1963, Jack Forbes predicted that programmed in

struction would be used in r emedial i nstruction for enrich

ment, to provide for better student interaction with materials, 

and to provide additional learning experience for more 

difficult courses in the mathematics curriculum. A search 

of the literature reveals the truth of his prediction. 

Some of these uses will be pointed out in the following 

description of research. 

Research. In 1969, Zoll collected and analyzed re

search studies in programmed instruction 1n the area of 

mathematics. Seven studies inve s ti gated commercially 
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prepared programs and compared their usage to conventional 

methods of teaching. There were mixed results. Some 

studies showed the programmed approach superior while 

others showed it to be inferior. 

Characteristics of learners were studied in relation 

to the use of programmed materials. One investigator found 

a high negative relation between anxiety scores and com

pletion time. Ten studies treated the success of programmed 

instruction as it relates to student ability . In several 

of these it was shown that programmed instruction was 

superior to other methods for high ability students . In 

five studies there were no significant differences. 

Attitudes were treated in ten studies . Usually 

opinion was favorable, but three studies showed that interest 

decreased with time. 

Program styles were also studied. No significant dif

ferences were found in three out of five studies. Four 

studies showed relative success in the teaching of concepts, 

but more research needs to be done. 

Several specific studies since Zoll's report wi ll now 

be briefly summarized. Furno, Gerardi, and Armacost (1970) 

published a final report on a three-year study of the 

effectiveness of programmed instruction in the teaching of 

mathematics in the Baltimore Public High Schools. They 

investigated (1) mathematics achievement and retention, 
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(2) student differences in personality, temperament, and 

ability, (3) possible relationships between concepts and 

skills taught and instructional format, and (4) relative 

success of the two treatment groups (programmed instruction 

versus conventional instruction) in first-year college 

mathematics. Small significant differences in subject 

mastery and in retention favored the conventional approach. 

It was found that ability and achievement levels are more 

reliable predictors of success with either instructional 

method, than are factors of personality and disposition . 

Finally, the control group took more advanced mathematics 

in the first year of college and earned better grades. 

Archer and Woodlen (1967) studied five variations of 

programmed instruction that ranged from rigid classroom 

organization and teacher control to student-determined pace. 

Programmed textbooks were used in all five formats. At the 

end of one year no significant differences were found among 

conditions in student achievement, in student attitude 

toward mathematics or programmed instruction, or in teacher 

attitude toward programmed instruction, individualization 

of instruction, and educational research. This study in

volved 4500 Pennsylvania first year algebra students using 

TEMAC and SRA materials. Certain student and teacher com

ments were favorable. The investigators felt the study 

indicated that teachers and students can break out of con

ventional instruction and still achieve as well as before . 

No one of the five conditions was outstanding. 
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In 1971, Epting compared three methods of teaching 

College Algebra at St. Johns River Junior Colleg e in 

Palatka, Florida. There were three treatments. In group 

EA, students were taught by an author-constructed Skinner-

type linear program. In group EB, students were taught 

by a lecture-discussion method combined with a group program 

on which they worked in unison on prepared sequences, ques-

tions, and problems. Control group C list ened to lecture. 

Method of instruction was randomly assigned to the two 

teachers with each teacher having a class of each treatment. 

A system of applied multiple linear regression, PERSUB, was 

used to obtain the necessary F ratios. Epting concluded 

that: ( 1) Students learn by a ll three methods. ( 2) Achieve-

ment level at the beginning of the term i s related to the 

difference in gain scores--the higher the achievement, the 

greater the gain. (3) Though differences 1n ga1n scores 

were not significant, results favored the EB method. (4) 

Results indicated interaction might exist between teacher 

and method and between teacher and achievement level. 

( 5) Students felt the EB method gave them the opportunity 

to have their questions answered. 

C. J. Brase and C. H. Brase (1 97 6) tried to i mprove Basic 

Algebra and allow for students with different backgrounds. 

In this study, they combined the lecture-program format. 

Each student received a module containing ( 1 ) behavioral 
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objectives, (2) a keyed pretest for the module, (3) sub

units with keyed pretest/posttest, practice problems, a 

written lecture, and a stimulus-response type program to 

reinforce skills, and (4) a keyed module posttest. No 

data was given, but the approach showed promise. Students 

could attend lectures and have them reinforced by either the 

written-lecture or the program. 

Individualized Instruction 

Concepts. Individualized instruction probably had 

its beginning in 1919 when the public schools of Winnetka, 

Illinois, began using an instructional method that involved 

self-pacing and repeated testing of students until mastery 

was demonstrated (Kulik, J., Kulik, C., & Carmichael, 1974). 

In their paper, Kulik, Kulik,and Carmichael describe the 

KellerPlan, also called the Personalized System of Instruc

tion (PSI), and list its four features. They are: (1) in

dividual pacing, (2) mastery-learning, (3) student-tutor

ing, (3) use of printed study guides, and (4) inclusion of 

a few lectures for stimulation and motivation of students. 

Most individualized programs of instruction involve several 

of these features, and they almost all use behavioral ob

jectives. They all strive to adjust for individual differ

ences in learning rates. 

In 1932 the National Council of Teachers of Mathematics 

created the Committee on Individual Differences. Raleigh 
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Schorling reported on this committee's activities in 1933. 

He gave 16 tentative guides to use in working with slow 

pupils. Some of these were: (1) Use simple language. 

(2) Do not classify subject matter by grades. (3) Delay 

teaching of a task as long as feasible. (4) State definite 

goals. (5) Organize material so that each step is very 

small. (6) Use activities. (7) Emphasize visual aids. 

(8) Characterize class periods with variety. Many of these 

suggestions are embodied in modern-day individualized pro-

grams. 

In 1976, Willoughby listed 20 ways mathematics teachers 

have attempted to individualize instruction. These included 

eli~ination of students from programs, homogeneous grouping 

or tracking, differentiated assignments, tutoring, flexible 

scheduling, team teaching, nongraded schools, continuous

progress plans, "free schools", computer-assisted instruc

tion, programmed instruction, use of audiovisual materials, 

partial or complete independent study, contracting,performance

based curricula (using objectives stated in behavioral terms 

and testing specifically for these objectives), use of math 

labs, and use of math resource centers. He stated, "All 

have been developed and used by people of good will 

who were hoping to improve the quality of education. All 

have been more or less successful in some contexts at some 

time. For none is there experimental evidence that it is 

superior to other methods for all teachers and all students" 
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(p. 340). Although no method has yet been developed that 

solves all teaching problems, it is equally true that "vir

tually every teaching method has something useful in it 

for some children under some learning conditions" (Wil

loughby, p. 340). 

House (1977) describes a model for individualizing in 

schools that centralizes mathematics learning activities in 

a large mathematics resource center. There students and 

teachers of many backgrounds work together on a wide 

variety of math learning tasks. The teacher role has changed 

from information giver to resource person. Time can be 

arranged in long or short sessions. Students take the time 

to master the concept~ and they receive credit only when 

they demonstrate competence on the prespecified behavioral 

objectives. The curriculum is broken into many short-term 

units. Students receive outlines on these units that specify 

objectives, include pretests, suggest learning activities 

and assignments, and include self-evaluation tests. Detailed 

records are kept of every student's progress and evaluation 

is separate from grading. It involves diagnosis of student 

readiness for the units and testing for mastery of the unit 

objectives. House lists several advantages of this model: 

(1) Achievement becomes a constant, time a variable. Stu

dents face new learning tasks only when they are ready. 

(2) There is increased access to learning opportunities. 
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Students have many options . (3) There is cooperation be-

tween learners rather than competition (pp. 32-35). Limi-

tations are with personnel, management, and curriculum 

planning. The latter is time consuming and expensive. 

In an undated paper of the early sixties, Glaser pos-

tulated that the design of instructional procedures will be 

modified, and this will influence the four main areas of 

the educational process. Glaser describes this influence 

with four statements: 

(a) the setting of instructional goals will be 
recast in terms of observable and measurable stu
dent behavior including achievements, attitudes, 
motivations, and interests; 

(b) the diagnosis of the learner's strengths and 
weaknesses prior to instruction will become a 
more definitive process so that it can aid in 
guiding the student along a curriculum specially 
suited for him; 

(c) the techniques and materials employed by the 
teacher will undergo significant change; and 

(d) the ways in which the outcomes of education 
are assessed, both for student evaluation and cur 
riculum improvement, will receive increasingly 
more attention. (p . 804) 

House's model embodies the four changes prophesied 

by Glaser and so do many real-life mathematical systems for 

individualizing existent today . One for the community col-

lege level is PILLS, the Personalized Integrated Learning 

Lab System at Linn-Benton Community College, Albany, Oregon 

(Dyson & Wright, 1974). The heart of this system is MIC, 

the mathematics instruction center, which is an open study 
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area where equipment, instructor, student-tutors, and a 

variety of other resources are available to help students 

with math problems. 

How well do the various systems for individualization 

work? For that answer, we need to look at research conclu

sions. 

Research. In the 1977 Yearbook of the National Council 

of Teachers of Mathematics, Schoen attempted to answer the 

question, "Does self-paced instruction have educational 

benefits and do they outweigh any liabilities?" (p . 199). 

To answer this question he summarized studies with these 

characteristics: (1) Groups were "equivalent" before treat

ment. They were made equivalent either by randomly assign

ing students to classes or classes to treatments, or by 

matching treatment groups on several variables such as sex, 

IQ, or previous mathematics achievement, or by using dif

ference between pretest and posttest scores as criterion 

measures, or by statistically equating groups by analysis 

of covariance. (2) Studies were usually one semester or 

one academic year long. (3) Students in the samples were 

mostly white middle class. (4) Criterion measures were 

typically mathematics achievement tests or subtests. (5) 

Most studies compared self-paced instruction (SPI) to tra

ditional instruct ion (TI). 

Included in these studies were the common programs IPI 

(Individually-Prescribed Instruction), PLAN (Program for 
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Learning in Accordance with Needs), and IGE (Individually 

Guided Education). Schoen gives a table summarizing 

studies comparing achievement in the treatment groups 

(p. 201). Twenty-three studies favored SPI, 28 favored TI 

and 76 showed no significant differenc e s (NS). A table 

summarized results on studies involving affective criteria 

such as attitude toward school, attitude toward mathe

matics,and self-concept (p. 203). SPI was favored in 11 

studies, TI in four, and 40 studies showed NS. 

His summary (p . 214) has several important statements. 

First, SPI is one approach to meeting the needs of indi

vidual students. The programs are expensive and a good 

deal of time is required by sc~ool personnel. Surely some 

extra educational benefits should result from the expense 

and effort. Second, the research has failed to show con

sistently a superiority of SPI over TI on any student

outcome variables. Third, SPI did appear to be as effec

tive as TI with self-motivated high-ability students and 

those with special learning problems . Fourth, some fea

tures of SPI, such as the availability of multimedia options 

and supplementary teaching materials and the development 

of unit criteria based on empirical evidence, show promise 

for improving student outcomes. Fifth, particularly weak 

areas of SPI have been identified. These include diagnosis 

and prescription, development of computational skills~and 

meeting the needs of low-ability students. Improvements 
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in these areas can make SPI more effective. Sixth, many 

models for individualizing for mathematics instruction 

exist other than SPI, and these need to be researched. 

Finally, these findings do not imply that the individual 

student should be forgotten. More effective directions 

for individualizing for mathematics instruction must be 

found. 

Schoen in 1976 analyzed 12 secondary studies and found 

that only one showed significant differences in achievement 

favoring SPI while three favored TI. The remainder showed 

no significant differences. He considered five postsecon

dary studies; he found the general quality of these studies 

less than that of the elementary and secondary studies. 

In these studies TI was favored once, SPI twice, and two 

showed NS on math achievement. 

This dearth of good studies on the secondary and post

secondary levels indicates a great need for more research. 

Several studies since 1975 will be briefly summarized here. 

Kenneth Klopfenstein in 1977 described a personalized 

system of instruction in Introductory Calculus at Colorado 

State University that matched the PSI description given 

earlier except for lectures. He compared performance and 

attitudes of the PSI group with a traditional lecture dis

cussion class effectively the same as it with respect to 

sex, class in school, SAT, grades in previous university 



24 

math courses, and university GPA. Withdrawal and failure 

rates were exceedingly high in the PSI group. Further, an 

unacceptably large number of students required two terms to 

complete the PSI course. Those who did received A or B, 

however. No significant differences in student attitudes 

were detected. One consideration Klopfenstein mentioned 

was that PSI students were required to master all the 

material covered,while only 15 % of the TI students were 

expected to learn 85% of the material as required in the 

PSI group. 

Kerrigan (1976) compared achievement scores and scores 

on attitude toward mathematics of students in college fresh

man mathematics at West Chester State College in southeastern 

Pennsylvania. Forty-six randomly selected students were 

in two sections of ILS (individualized learning system), and 

forty-six randomly selected students were in the two tra

ditionally taught sections. Analysis of variance, covari

ance, and trend analysis were performed on the data. There 

was a significant difference in the achievement scores that 

favored the ILS method. There were no significant differ

ences in attitude. When grouped by ability, there were 

significant differences in achievement only in the low 

ability group, and this difference favored the ILS group . 

Beal in 1978 endeavored to determine whether the lecture

discussion method or the individualized instruction method 

was better for teaching the basic course Fundamentals of 
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Mathematics at t he community college . All students en

rolled in the course at Haskell Indian Junior College were 

separated into two groups. Two instructors taught two 

classes by the individualized method and taught two by 

the lecture discussion method. No significant differences 

in attitude or achievement scores were found. Attitudes 

were equally good with the two methods. A relatively small 

amount of progress was shown in mathematical skills develop

ment in both groups . More students in the individualized 

group passed but the traditional group was more successful 

in mathematical courses the following year. 

These three studies have again shown mixed results. 

Others briefly mentioned here continue this trend. Hirsch 

(1977) had significant differences favoring a guided dis

covery approach; H. Baker (1979 ) compared two methods of 

individualized instruction (Learning Package and Sound-on

Slide Programs) and found them equally feasible. Thompson 

and McCoy (1979) found instructor-pacing superior to student

pacing in College Algebra. However, instructor-pacing was 

unsatisfactory in Introductory Al gebra. Frazier (1975) 

compared the effects of teaching mathematics via individual

ized instruction, team teaching, and the traditional method 

to college freshmen liberal arts majors. The team teaching 

approach was superior to both the other methods as relates 

to achievement and changes in attitude toward mathematics. 



26 

Neither approach, however, reduced the withdrawal rate 

significantly. Cleary (1976) found that students in col

lege algebra who remediated deficient algebraic skills via 

an individually prescribed program performed significantly 

better than those who remediated their deficient skills 

through classroom review. All of these studies except that 

of Hirsch were at the post-secondary level. These studies 

need to be replicated before final conclusions can be drawn 

as to the effectiveness of individualized instruction at 

the post-secondary level of mathematics. 

Behavioral Objectives 

Concepts. Educators have given considerable attention 

to instructional objectives in the literature. Wood (1968) 

traced the history of the use of behavioral objectives. In 

the early 1900s, "faculty psychology" was dominant in America. 

Psychologists believed the mind consisted of certain facul

ties, as reasoning, which could be trained by appropriate 

exercises. Certain subjects, such as mathematics, were 

held to be the best means of cultivating these faculties. 

Objectives of schools were at that time stated in terms of 

faculties to be trained. As "faculty psychology" fell into 

disfavor and "behaviorism" took the fore in American psy

chology, objectives came to be stated in stimulus-response 

language. During the early 1920s, thousands of specific 
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objectives were stated for single courses. Between 1930 

and 1960, objectives tended to be stated in more general 

terms. The publication of Bloom's Taxonomy in 1956, fol

lowed by Mager's Preparing Instructional Objectives in 1962, 

and by the Taxonomy for the affective domain in 1964 

(Krathwohl, Bloom, & Masia), brought about a rebirth of the 

specific statement of objectives. These books emphasized 

behavioral terms for statements of objectives. The prefer

ence for behaviorally-stated objectives came from the pro

grammed instruction movement, and it fitted well into behav

ioristic psychology theories. 

Wood continues in his text to give shortened forms 

of the classification of intellectual domains described by 

Bloom (1956) and by Krathwohl, Bloom, and Masia (1964). 

He gives examples of the wording of behavioral objectives 

for mathematics from each of the cognitive levels of know

ing, translating, manipulating, choosing, analyzing, syn

thesizing, and evaluating. Sample mathematics test items 

are also given for exemplary objectives. 

Other writers of the sixties have contributed much to 

the theory and use of behavioral objectives. In 1963, 

Gagne attempted to analyze instructional objectives in 

terms of behavior category, behavior description, pre

conditions of the learner,and conditions of instructional 

situation. In 1965, Krathowohl described how to state 
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ob j e ctives for ~rogram , for curriculum , anu for ins truc

tional materials development. Arthur M. Cohen, at the 

Conference on Systems Approaches to Curriculum and In

struction in the Open-Door College in Los Angeles, Cali

fornia, July, 1966, treated college goals, interim objec

tives, terminal objectives, and long-range goals. He con

cluded that defining instructional objectives was only the 

first step that junior college educators must take in order 

to lead in the process of demonstrably effective education. 

Bemis and Schroeder (1969) published a short manual for the 

writing of behavioral objectives which was designed to give 

prospective teachers proficiency in the skill in a short 

length of time. In 1970, W. James Popham described the use 

of instructional objectives in the sixties decade. He 

also described the Instructional Objectives Exchange at 

UCLA, a non-profit organization that collects and disperses 

collections of measurable objectives in elementary, secondary, 

and college courses. Popham further pointed out some per

sistent problems involving the use of behavioral objectives. 

One of these concerned the difficulty of selecting the appro

priate minimum level of competency for a given objective 

(and a given learner). Also, Popham believed that the 

emphasis on criterion-referenced tests had created an 

educational system which designs and improves tests rather 

than measures the quality of instructional programs (p. 16). 
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While the scholars Gagne, Bemis, Popham, Krathwohl, and 

others were about the business of enhancing and improving 

upon behavioral objectives, others were becoming embroiled 

in a controversy over their use. Although each writer has 

his own list of uses, the comprehensive list given by 

Kibler, Cegala, Miles, and Barker (1974) encompasses those 

of most other writers. They gave a total of ten reasons 

for using instructional (behavioral) objectives: 

1. Because instructional objectives clearly specify 

to students what is to be learned and how they are 

to demonstrate learning, students are spared the 

time and frustration of trying to guess what the 

teacher expects of them. • 

2. Given clearly specified objectives, curriculum 

planners are better able to arrange sequences of 

courses or units of instruction. 

3. Students and advisors are able to better plan 

course programs when course descriptions include 

instructional objectives. 

4. Through clear instructional objectives, teachers 

are able to communicate to other teachers and ad

ministrators what they teach. 

5. Teachers and administrators can determine the level 

of objectives a student has achieved within the 

taxonomic classifications--cognitive, affective, and 

psychomotor. 
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6. Given clearly defined objectives, teachers can 

design instructional experiences to achieve them. 

7. When instructional objectives are specified,it is 

possible for the teacher to determine the student's 

present level of mastery for any prescribed objec

tive at any time. 

8. Because an instructional objective includes a per

formance standard, it represents a minimal level 

of performance to be sought by all students. 

9. Performance standards help teachers determine the 

adequacy of their instruction. 

10. The use of behavioral objectives 1s consistent with 

the concept of accountability . (pp. 4-5) 

Eisner (1967a) gave several limitations to the use 

of behavioral objectives. First, he stated that the outcomes 

of instruction are far more numerous and complex for objec

tives to encompass. Secondly, in certain subject areas as 

the arts, novel and creative responses are desired, and the 

particular behaviors to be developed cannot easily be iden

tified. Thirdly, he believed that the assumption that objec

tives can be used as standards by which to measure achieve

ment fails to distinguish adequately between the application 

of a standard and the making of a judgment. Finally, he 

stated that the procedure of identifying objectives before 

identifying activities sounds logical, but teachers in 
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practice often choose activities rich in educational oppor

tunities before considering all of their possible outcomes. 

In the same issue of School Review, three educators 

commented on Eisner's article. Ebel supported Eisner while 

Hastings and Payne (1967) discussed weaknesses in his argu

ments. 

Mathematics educators have become embroiled in the contro

versy. In 1971 in the American Mathematical Journal, Carl 

Allendoerfer gave reasons for the use of behavioral objec

tives. Among them were the communication of expectations to 

students, to clarify general objectives, to aid in cur-

riculum construction, and to aid in the preparation and 

evaluation of teaching materials, particularly textbooks. 

Forbes (1971) in the same journal pointed out that there 

are two extreme positions concerning behavioral objectives. 

One states that "All objectives of instruction can and 

must be stated in terms of student behaviors that are to 

be exhibited" (p . 744). The other extreme position lS 

couched in the belief that only low-level cognitive objec-

tives can be stated in behavioral terms. Forbes describes 

his position as near the first, and points out that many 

objective lists have been inadequate due to school systems 

lacking time and money to do a proper analysis of behaviors 

before stating the objectives. 
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Later, in 1973, Jansson and Heimer spoke out in sup

port of Allendoerfer (197l),but pointed out that a behavioral 

objective has three major parts: the given, the required 

performance,and the criterion (p. 930). They suggested that 

these three concepts be carried over into the actual instruc

tional processes, as well as being used in the writing of 

texts as suggested by Allendoerfer. 

Meanwhile, Walbesser (1972) tried to expose the educa

tionally damaging consequences of adopting behaviorism and 

attempted to re-establish the credibility of behavioral 

objectives as a significant educational strategy. He re-cited 

reasons for the use of them. Further, he made the point 

that certain arguments against the use of behavioral objec

tives are ridiculous--because certain educational objectives 

may be difficult to describe behaviorally does not merit 

the elimination of behavioral language when it does apply 

(p . 436). Eugene Nichols countered Walbesser in the same 

journal issue by listing eleven objections to behavioral 

objectives. One of his arguments stated, ''To understand 

what one is expected to be able to do after going through a 

learning experience, one must know something about it at the 

outset; but behavioral objectives describe outcomes that are 

new and thus incomprehensible to the student if looked at 

prior to the learning experience" (pp. 475-476). 
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Later in 1979, Davidson and McKeen gave the definition: 

"An objective is a statement that describes what the learner 

is to be able to do, after interaction" (p. 860). They 

believed the term behavioral should be reserved for the spe

cial case where complete specificity is desirable. They 

suggested that the action verbs identify, name, state a 

rule, order, distinguish, describe, demonstrate, and apply 

a rule should be used in mathematics objectives when it was 

natural to use them, even though some theorists feel them 

too vague. They extended objectives one step further to 

include a description of the classroom processes during the 

learning experience. 

In an interview with Ralph Tyler in 1973, Judy and Harold 

Shane asked specific questions about objectives. Tyler 

distinguished between behavioral objectives (a statement of 

what teachers are trying to help students learn from the 

instruction) and performance objectives (statements that 

relate to what students do that can be seen). Tyler remem

bered that as a young man he had been exposed to thousands 

of objectives and feared that now, fifty years later, we are 

almost back to that point. He felt that on the secondary 

level it would be helpful to have a basic minimum set of 

objectives throughout the nation. But on the elementary 

level, this would not be feasible due to the various pos

sible sequences of materials. 
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Other writers have contributed to the controversy over 

behavioral objectives (Miles & Robinson, 1971; Strain, 

1970; Kapfer, 1970; Eisner, 1967b; Eiss, 1970; Butler, 

1970; Popham, 1971; Lindvall, 1968; Loomer, 1969; Deno 

& Jenkins, 1967). Some of t hese wr i ters describe behav-

ioral objectives, why they should be used, and how they can 

be used (particularly in the community college) to improve 

curriculum. Others suggest a closer look be taken. This 

look should be taken through the door of research. 

Research. Walbesser and Eisenberg (1972) summarized 

studies prior to that time that concentrated on behavioral 

objectives. They grouped these in terms of research hypo-

theses and statements. These seven statements are listed 

along with the number of supporting studies (S) and the 

number not supporting (NS): 

1. Research Hypothesis: Telling the learner the 
behavioral objectives increases achievement . ( 8 S 
and 7 NS) 

2. Research Hypothesis: Telling the learner the 
behavioral objectives increases rate of acquisi 
tion. (5 S and 1 NS) 

3. Research Hypothesis: Telling the learner the 
objective increases resistance to forgetting . (4 S 
and no NS) 

4. Research Statement: Teachers can distinguish 
between statements of behavioral objectives and 
statements of nonbehavioral objectives. (No S and 
2 NS) 

5. Research Statement: Students show a more pos
itive attitude toward instructional objectives 
stated as behavioral objectives. (2 S and no NS) 
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6. Research Statement: Group performance measures 
underestimate the acquisition of the learner. ( 1 S 
and no NS) 

7. Research Statement: There exist differences 
in rate of acquisition for different performance 
classes. (No S and 1 NS) (pp. 19-24) 

Walbesser and Eisenberg state that the effects of be-

havioral objectives on education are unclear as of 19 70. 

The need for much more research is seen, especially on the 

last six statements. This paper will now describe some of 

the research on behavioral objectives that has been done 

in the decade 1970-1980. Only one of these studies, how-

ever, involved college mathematics (Smith, 1970). 

James E. Bierden (1970) combined the use of intra-

class grouping and behavioral objectives in an experiment 

involving 44 seventh grade mathematics students in two 

classes at the University of Michigan laboratory school. 

In addition, four other classes were used for control. Each 

behavioral objective had three parts: a statement of re-

quired performance, a sample keyed test item, and a cri-

terion of minimum performance required for achievement of 

the objective. Three levels of objectives were used: 

Basic, Intermediate, and Advanced. Students received objec-

tives on a topic before instruction began, the material was 

taught in front of the entire class, and then students 

were. tested on the topic. Test items paralleled those 1n 

the examples, and grading was based on the performance 
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criteria. Students recorded their achieved objectives on 

a summary sheet. They were then assigned to three groups 

according to how well they did. The teacher met with these 

groups during several class meetings. 

Finally, test II was administered. It was divided 

according to the three groups taking the test so that students 

only answered questions on the unachieved objectives. 

A t test for the significant differences of correlated 

means was performed on score differences between the pretest 

and posttest. Attitudes and test anxiety were also treated 

by means of questionnaires. It was found that the measures 

of computational skills and knowledge of mathematical con

cepts increased significantly during the year. Achievement 

in the experimental group was slightly less than in the 

control group (which had used actual SMSG materials, as 

opposed to teacher-altered SMSG materials in the experi

mental groups). Change in attitude in the experimental group 

as measured by the Aiken and Dr~ger scale was encouraging. 

Anxiety reduction could not be ascribed to the treatment due 

to the adjustments necessary during the seventh grade of 

school. 

McBride (1970) and Bazik (1972) both did behavioral ob

jective research involving elementary school teachers. 

McBride examined the use of behavioral objectives in con

junction with individuali ze d instruction. Prior to each of 

five units, behavioral obj ectives were di stribut ed . After 
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several days of large group instruction,the class was 

tested and then partitioned into three groups according to 

student performance on the test. A Basic group, Inter

mediate group, and Enrichment group were formed. After 

another study phase, Basic and Intermediate students were 

retested on the original objectives. The experimental group 

showed significant gains in achievement, evidenced reduc

tion in test anxiety, displayed a positive (but not signifi

cant) gain in attitude toward mathematics, and scored sig

nificantly higher on a test of mathematics achievement and 

a subtest of basic concepts than the population studied 

(~ < .001). McBride concluded that behavioral objectives 

provided a means of adequate communication of what was to 

be learned and contributed to more effective evaluation. 

Bazik was concerned with the effect on initial achieve

ment, retention, and attitudes of the use of specific be

havioral objectives in the individualized setting. Twenty-

one students in the experimental group studied loosely at 

their own rate in a structured format. Each of the stu

dents was supplied with behavioral objective statements along 

with self-evaluation exercises illustrating the kind of ac

tivity to be done when an objective was not attained. Quizzes 

covering specified objectives were taken when students 

requested them. Fourteen students in the control group 

studied under the lecture-discussion-recitation format. 

A 2 X 2 factorial design that used a treatment factor and the 
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number of years of high school math as a second factor was 

adopted. With respect to initial achievement, retention, and 

attitudes, no significant interaction effects were found. 

Further, no significant differences between the experimental 

and control group were found with respect to these variables. 

The latter differences however were "almost" significant 

suggesting the study be replicated with larger numbers. 

Piatt (1969) and Cardarelli (1971) were not mentioned 1n 

Walbesser and Eisenberg's summary (19 72) . Both studied the 

effect on pupils of teachers being trained in the writing 

and use of behavioral objectives. Both studies were done in 

the middle school. Cardarelli found no significant differ

ences, but his study did indicate that behavioral objectives 

used without teacher training do not affect achievement 

significantly. Piatt found significant differences in the 

SAT subtest Arithmetic Computation for the experimental 

group and higher, but not significantly higher, scores for 

this group on the SAT subtest Arithmetic Concepts. This 

study indicates teacher training in the writing and use of 

objectives can be a factor in student achievement. 

McCullough (197 0) studied the use of behav ioral objec

tives in the mathematics curriculum of ninth grade pupils 

in a team-teaching setting. Findings showed the experi

mental group using behavioral objectives made greater, but 

not significantly greater, progress on arithmet i c funda

mentals than did the textbook (control ) group. 
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Gibson (1973) attempted to study the effect of student 

ranking of objectives at the beginning and end of the course 

on achievement and recall. No relationships were found. 

This study might indicate that student ranking of objec

tives is not sufficient for effect on learning. 

J. M. Smith (1970) tested the effects of informing col

lege students (not mathematics) of behavioral objectives 

and the structure of the learning sequence. Students were 

aware of objectives in 82% of the cases. There were 

no significant differences between groups with regard to 

the time required to complete the learning sequence. 

Olson (1971) studied the effect of behavioral objec

tives (BOs), knowledge of results (KOR), and assigned 

grades for quiz performance on the stages of classroom 

learning. He used a multivariate analysis but did not find 

any striking results in terms of treatment effects. In 

general, students in graded sections took longer to work 

through the lessons and did make fewer errors on the lesson 

quizzes. 

Herceg (1972) investigated whether the use of pro

grammed cassette tapes to make students aware of behavioral 

objectives for a unit in computer assisted mathematics would 

improve achievement in traditional and individual rate 

of learning classes. Students were grouped in two 

tracks. The top track students did not achieve significantly 

higher when they were made aware of objectives for the unit. 

Top track students aware of objectives achieved about the 
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same ln the two instruction groups. But middle track 

students aware of behavioral objectives achieved signifi

cantly higher than those who were not aware of objectives. 

Also middle track students aware of behavioral objectives 

achieved lower in the individual rate of learning setting 

than in the traditional. This study is significant in 

that it points out that middle ability students can profit 

from awareness of objectives. 

Sorenson (1979) studied the effects of type of in

structional objectives upon higher cognitive mathematics 

achievement. His study supported the theory that students 

receiving instructional objectives achieve higher on cogni

tive tasks than students receiving no instructional objec

tives, particularly when the objectives are in test-item

equivalent form. 

This latter study is of significance to this inves

tigate~ because self-evaluation tests give students know

ledge of the way in which objectives will be tested. Fur

ther study is needed to test behavioral objective for

mat. 

Loh (1972) measured the effects of behavioral objec

tives on learning and forgetting in the framework of pro

grammed instruction. The study did not support the use of 

behavioral objectives as a procedure for improving measures 

of learning or measures of forgetting that are functions 
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of time needed to reach criterion 1n a learning program 

using programmed instruction. Loh suggested that alterna-

tives to programmed learning be used for learning and for-

getting studies. N. L. C. Smith (1974) found that avail-

ability of behavioral objectives enhanced learning for Goal 

Directed students, but interfered with the learning of Non-

Goal-Directed students. 

Student Self-evaluation Tests 

Concepts. Bloom (1969) defines "summative evaluation" 

as evaluation used at the end of a course, term, or educa-

tional program as opposed to "formative evaluation." The 

latter means the use of brief tests by teachers and stu--
dents as aids 1n the learning process. This form of evalu-

ation will be more effective if it is separa ted from the 

grading process and used only as an aid to learning (pp. 4 7 -

48 ) . Student self-evaluation tests fit this description 

of formative evaluation. Further, they are criterion-

referenced according to Glaser (1963) and Lindvall and Nitka 

(1969), rather than norm-referenced. Tests are norm-

referenced if they compare student achievement with student 

achievement. They are criterion-re ferenced if the student's 

achievement is measured against some previously specified 

criteria c~s stated in behavioral objectives, perhaps). 

Self-evaluation tests then are used tota lly as a part of the 
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learning process to give the student some measure of how 

well he knows what he is expected to know. 

At the college level, the Committee on the Teaching 

of Undergraduate Mathematics of the Mathematical Associa

tion of America (1979) states that "It 1s essential that both 

you [the instructor] and the students be fully aware of the 

objectives of the examination and the interpretation to 

be put on the results"(p. 17). The use of behavioral 

objectives and student self-evaluation tests can help assure 

that the first part of this statement is satisfied. 

Research. Only one study was found that treated self

testing as a variable. Rasheed (1976) compared the study 

tactics of rereading and self-quizzing 1n two behaviorally 

taught psychology courses. Self-quizzing seemed to be more 

efficient than rereading in terms of total study time, 

number of quiz attempts required to meet final performance 

criterion, and performance levels on first quiz attempts. 

Students,however, appeared to resist self-quizzing, the 

less familiar tactic. 

Finally, a study that did not try to measure the effect 

of self-evaluation tests but involved their use in the 

teaching of Intermediate Algebra at the community college 

will be discussed. Reese (1976) compared the lecture 

method of teaching with the mastery learning method, based on 

Bloom's mastery learning strategy. The mastery learning 
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strategy used a programmed textbook, instructional objec

tives, formative testing (testing for learning), learning 

correctives, and summative testing. Students not reaching 

80% mastery had the opportunity to use learning correc

tives to help them overcome their learning difficulties. 

Students could then retake the formative tests up to four 

times. The lecture group was taught by the traditional 

lecture method using a traditional textbook. The gain in 

both groups in knowledge was significant at the .OS level, 

but the gain of the mastery learning group was significantly 

higher than that of the lecture group. Both formative test

ing, which was much like self-evaluation testing since the 

student could retake the test several times, and behavioral 

objectives were used in this study . These learning aids 

were employed in the programmed instruction setting rather 

than the traditional setting. Reese's study was the closest 

found in context and format to the one designed by this 

investigator. 

The Need for Research 

Many mathematics educators are requesting more and 

better quality research. Johnson (1966) gives a pattern for 

research in the mathematics classroom. Scandura (1970 ) 

discusses the increased interest in basic research in mathe

matics education that bec ame app a rent in the sixties. 

Rouche and McFarlane (19 70) and Willerding (1965 ) call 
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for the improvement of college teaching. This can perhaps 

be accomplished through knowledge obtained from research. 

Lipsey (1969) pleads for the improvement of research in 

mathematics education so that instruction can be upgraded. 

The literature search conclusively showed the need for 

research on programmed instruction (Zoll, 1969), individual

ized instruction (Schoen, 1976; Schoen, 19 77; Miller, 1976), 

and behavioral 6bjectives (Walbesser & Eisenberg, 1972). 

Any method proffered as a way to improve teaching needs 

definitive evidence of its worth. The evidence is not 

definitive in any of the areas mentioned. However, the 

evidence is encouraging in the use of behavioral objectives. 

Since self-evaluation testing has barely been researched, 

particularly at the college level, this investigator believes 

there is a need for the study described in this paper. 

Hopefully, this study has contributed to the existing know

ledge about the use of behavioral objectives and student 

self-evaluation tests as instructional tools. 



CHAPTER III 

PROCEDURES AND METHODS 

Research Methodology 

According to Isaac and Michael (1971), this study was 

experimental because of the techniques used to assure ran

domness. Further, the study investigated possible cause

and-effect relationships by exposing two experimental groups 

to different treatment conditions and by comparing these 

groups to a control group not receiving the treatments. 

Certain experimental variables and conditions were rigorously 

managed through randomi zation while others have been managed 

by direct manipulation. -
The Research Design 

For this study there were three variations of the inde

pendent variable method, of which two were experimental (LOR 

and LOS) and one was control (LR) . LR is the method of 

instruction in which students were taught by the lecture 

method and participated in a review session during the class 

meeting immediately prior to each unit test day. The in

structors used the review sessions to answer student ques

tions. Some time was spent clarifying topics upon which the 

instructors agreed that more discussion was needed or that 

they individually wished to further explain . The students 

in the LR section received a written test key to each unit 
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test the class day after the test. LOR identifies the experi-

mental method in which students were taught by the lecture 

method, received lists of behavioral objectives for each 

unit, and participated in review sessions identical to those 

of the LR group. The unit test keys received by these 

students had each question labeled as to the objective(s) 

it tested. LOS refers to the instructional method used in 

the second experimental group. The students in this group 

were treated identically to those in the LOR group except that 

on the class day prior to each unit test day each student 

took a self-evaluation test, keyed it, marked the objectives 

missed on a supplied list, and then returned the self-evalu-

ation test and key to the instructor. 

The design of this study is a Randomized Control-Group 

Pretest-Posttest Design (Isaac & Michael, 1971). This de-

sign is schematically represented in Figure 1. 

First Experimental Group (R) X (LOR) a 

Second Experimental Group (R) 

Control Group (R) (LR) 

Figure 1. Randomized Control-Group Pretest-Posttest 
Design 

In this scheme R implies random assignment, T1 represents 

the pretest, T2 the posttest (T1 and T2 are the same test 

in this study), and the X's represent the experimental treat-

ments (methods LOR and LOS). 
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All investigators must be concerned with the in

ternal validity and with the external validity of their 

experimental designs. Internal validity is best described 

by the question, "Did the independent variable X really 

produce a change in the dependent variable?" According 

to Campbell (1957) and Isaac and Michael (197l),the in

ternal validity of a design is threatened by eight factors: 

1. Contemporary history - The subjects may experience 

a significant event besides the exposure to X that 

may affect dependent variable scores. 

2. Maturation processes - Biological and psychological 

processes within the subjects may affect student 

response. 

3. Pretesting procedure - T1 may serve as a learning 

experience that will cause subjects to alter re

sponses on r 2 independently of the treatment. 

4. Measuring instruments - Changes in testing instru

ments can affect the obtained measurements. 

5. Statistical regression - If groups are selected on 

the basis of their extreme scores, 'statistical 

regression' may be mistaken for treatment effect. 

6. Differential selection of subjects - Differences in 

results might be due to differences in the groups 

initially rather than to the treatment. 

7. Differential experimental mortality - If a par-

ticular type of subject drops out of one group after 
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the experiment is underway, this differential loss 

may affect the results. 

8. Interaction of selection and maturation, selection 

and history, etc. - When groups are alike with 

regards to T1 scores, other differences, rather 

than the treatment, may cause some group to have 

higher T2 scores. 

The Randomized Control-Group Pretest-Postt est Design 

is relatively valid internally. Between-session variations 

(extraneous variables that occur between T1 and T2) were con

trolled in this study since, presumably, they affected all 

groups equally. Pretesting effects, history, and maturation 

were also controlled in this manner. Pretesting effects 

were further controlled in this study by the . lengthy time 

period (fifteen weeks) between T1 and T2 . Differential 

selection and statistical regression have been controlled by 

randomization. The latter was also controlled by the 

counseling of students with extreme pretest scores into the 

appropriate mathematics course. Within-session variation, 

which involves differences the experimental and control 

groups may experience when they are tested and treated 

separately, were controlled by several procedures. Stu

dents took either equivalent or identical tests with iden

tical instructions on the same day; classrooms were adja

cent to each other; the various class times were close 

together; instructors conferenced dail y to guarantee 
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similarities in instructions and lectures. Differential 

mortality posed a problem in this study, but it has been 

somewhat assessed by the consideration of withdrawal rate 

in the statistical analysis of results. Also the t test has 

been used to compare the mean ages and mean pretest scores 

of those who persisted and those who withdrew. 

The external validity of an experimental design con

cerns the generalizability of the experimental findings 

and is threatened by the following: 

1. Interaction effects of selection bias and the treat

ment. In this study randomization techniques helped 

control these effects. Also, the description of 

delimitations has previously described the problem 

of generalization due to selection. 

2. Reactive or interaction effect of pretesting. To 

prevent the pretest from altering the experimental 

subjects' sensitiveness to the treatment, the pretest 

was administered in a manner that appeared to be 

part of the normal course routine. 

3. Reactive effects of experimental procedures. The 

students in this study were not informed that an 

experiment was being conducted. Also, in the 

treatment groups, subjects received equal attention 

before tests, either in the form of review sessions 

or self-evaluation tests. Lectures were very simi

lar except for reference to behavioral objectives 
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in LOR and LOS. Close cooperation and frequent 

discussion between instructors helped to discount 

the differences between instructors. In addition, 

instructor was treated as an independent variable 

in the data analysis. 

4. Multiple treatment interference. In this study 

no subject was exposed to more than one treatment. 

This type of interference was thus avoided . 

According to the descriptions of Campbell and Stanley 

(1963) and of Isaac and Michael (1971) , this study has ade

quate controls for internal validity and reasonable controls 

for external validity. 

The Sample and Randomization Techniques 

The sample in this experiment consisted totally of 

students from the Central Campus of Broward Community Col

lege. Of the 215 students who elected to register in the 

three second semester sections of Intermediate Algebra 

offered at 9 a.m., 11 a.m., and 12 noon, 192 remained after 

the drop-add deadline and comprised the sample. These stu

dents chose the time of day convenient to their schedule 

without prior knowledge of the instructor. Once a roll

sheet was printed, a coin was tossed to randomly separate 

the students of each section into two classes. One class 

was composed of students for which the coin showed H, and 
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the other class was composed of those students for which the 

toss resulted in T. The methods LOR, LOS, and LR, and the 

instructors, to be referred to by A and B, were then ran-

comly assigned to the six classes by the toss of a coin 

(for assigning instructors), by the drawing of a number from 

a box (for selecting times), and by the selection of a method 

from a listing of methods in a box. These selections were 

guided by the requirements that each instructor would teach 

three classes (one by method LOR, one by LOS, and one by LR) 

and that no one method would be used twice at any given class 

time. The randomization process resulted in the arrangement 

of times, instructors, and methods shown in Figure 2. 

9 

11 

12 

A 

LOS 

LR 

LOR 

B 

LR 

LOR 

LOS 

Figure 2. Class Arrangement by Time, 
Instructor, and Method 

Instruments 

Pretest/Posttest. The test that was used for both the 

pretest and the posttest was a 50-item multiple-choice exam-

ination written by a committee of Broward Community Col-

lege instructors of Intermediate Algebra (see Appendix B). 

Each of the items had four distractors with "none of 

these" serving as the fifth choice. This test had been 
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previously used as a final examination at least three times 

when it was administered in this experiment . Before this 

test was finalized the committee submitted it to all Inter

mediate Algebra instructors for their suggestions. This 

test covers the content and objectives of Intermediate Al

gebra. 

A year prior to the scheduled time of this experiment 

the Pretest/Posttest was administered to 222 students on 

central campus as a final examination 1n Intermediate Algebra. 

Kuder Richardson's formula twenty was used to estimate the 

internal consistency of this test. A reliability coefficient 

of .883 was found. According to Garrett (1966) this formula, 

a rational equivalence formula, p~ovides a minimum estimate 

of the reliability of the test. For the purposes of this 

study, the last two questions were omitted from the test 

resulting in a 48-item test. The reliability coefficient 

of the 48 -item test was . 838. Only 108 scores were involved 

1n the latter computation. 

On the first day of class, the three sections of Inter

mediate Algebra were separated into classes from previously 

prepared lists, and the pretest was administered . The stu

dents were told that the test was an assessment technique 

that would be used to determine how well they were prepared 

for Intermediate Algebra, and that it would be used by the 

instructors to counsel students into the prerequisite or 
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subsequent courses if their scores warranted it. The stu

dents were assured that the test would in no way affect 

their grade, but that it should reflect what they knew. 

Since time was limited, students were told to concentrate 

on those problems they knew something about. This descrip

tion of the use of the test placed the test into the normal 

first-day routine,since counseling and placement have his

torically taken place in Intermediate Algebra classes at 

Broward Community College on the first day of class. Further, 

it was expected that these comments would solicit from the 

students their best efforts. 

This same test was again administered during examina

tion week at the end of the semester. It served as a final 

examination for the students and as a posttest for this 

study. Since six unit tests were interspersed between the 

two administrations of the test during the fifteen-week 

interim, testing reactions should have been controlled. 

Unit Tests. Six unit tests were written by the instruc

tors and one of these was administered to all classes every 

two to three weeks. Two equivalent forms were written for 

all tests. These two forms were then dispersed throughout 

each of the classes. Hopefully, this technique helped to 

maintain security and thus test-validity between and within 

classes. Unit VI test contained a large percentage of 

multiple-choice questions so that students would be exposed 
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to one such test that affected their grade prior to the 

final examination. A sample copy of one of the unit tests 

is included in Appendix E. Rough copies of the other unit 

tests may be obtained upon written request from this author. 

Materials, Classroom Procedures, 

and Grading Procedures 

Materials. The two instructors jointly developed all 

materials for the course except the pretest/posttest. These 

included behavioral objectives (see Appendix C), six unit 

tests (two forms of each) and keys, six self-evaluation 

tests and keys (see Appendix E), and occasional worksheets. 

The different classes of each method were exposed to identi

cal materials. 

The Text. The text used was Intermediate Algebra, Third 

Alternate Edition, by Wooton and Drooyan (Wooton & Drooyan, 

1972). The contents of the course consisted of chapters one 

through seven except for minor deletions. These chapters 

were subdivided into six units. The unit contents are 

listed in Appendix D. 

Classroom Procedures. Attendance was recorded daily 

in all classes. Students received identical descriptions 

of attendance policies and grading procedures (see Appen

dix D). Identical data were collected from all students 

by their answering questions on a 3 x 5 card. The two 
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instructors attempted to give lectures on identical topics 

on each class day. Identical instructions were given to 

all students on all tests. Identical assignments were made 

on all textbook sections by means of a course assignment 

sheet and test schedule (see Appendix D). Identical proce

dures were followed as to the collection of assignments, 

however, homework was not routinely collected. Students 

in all sections were encouraged to seek extra help from their 

instructors who scheduled an equal number of office hours. 

To assure identical treatment of the classes except with 

regard to the variables being tested, the instructors con

ferenced daily. 

Grading Procedures and Policies. To insure reliability 

in the grading of unit tests two approaches were used. 

In the first approach, the instructors discussed how each 

question was to be graded. Then certain questions were eval

uated by one instructor, and the remaining questions were 

evaluated by the other instructor. In the second approach, 

after discussion of grading procedures, a given instructor 

graded all tests from all classes, and the other instruc-

tor did the same for the next unit test. These approaches and 

the classroom procedures previously described controlled for 

reactive effects of experimental procedures. 

Student semester grades were determined on the basis 

of the numerical course average . These course averages for 
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the individual students were computed by a formula similar 

to that used in the computation of the criterion measure 

A2 of this study. However, a single missing unit test 

score, or the lowest test score if none were missing, 

was replaced by the final examination grade (if higher) 

in the computation of the unit test average. The unit 

test average then accounted for 80% of the course numeri

cal average, and the final examination adjusted score 

accounted for the remaining 20 %. After computing the nu

mericalcourse averages, the instructor then assigned letter 

grades to the students according to guidelines that had 

been described in the handout Attendance and Grading Policies 

(see Sppendix D). In making these assignments, an instruc

tor could exercise personal judgment in assigning grades 

to students with borderline course averages. For this 

reason, final course grade was not used as a criterion mea

sure of student achievement in this study. 

Instructors and Time 

The Time. The prime meeting times of 9, 11 and 12 

were selected in order to reach the majority of the students 

attending daytime classes, and to eliminate time of day as 

an important variable in the study. These three times were 

also selected to fit the Broward Community College mathe

matics class schedule. 
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The Instructors. Instructor A is the investigator. 

Instructor A has had extensive experience with individ

ualized instruction and in writing curriculum materials 

for individualized instruction, particularly behavioral 

objectives and tests geared to them. Instructor B was 

selected for his reputation of being an excellent teacher, 

for his versatility and cooperative manner, for his experi

ence in teaching Intermediate Algebra, and for his experi

ence in writing curriculum materials. All of these attri

butes were necessary for the control of the extraneous 

variables described previously. 

Data Collection and Recording 

For each student in the study, a pretest score, a 

posttest score, and six unit test percentage scores were re

corded. From these scores the two criterion measures A1 and 

A2 were determined for each student. A1 is the raw posttest 

score out of a possible 48. A2 is a composite score for 

which 80 % is the percentage average of the six unit tests 

and 20% is the posttest score average. When one test score 

was missing, only five scores were used to calculate A2 . 

Age and sex data were also collected from each student. If 

a student stopped attending class, the last day of attendance 

was noted. 
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Independent and Dependent Variables 

The independent variables were method (LOR, LOS, and 

LR), sex (M and F), and instructor (A and B). The two 

dependent variables were student achievement, as measured 

by the two criterion measures A1 and A2 , and withdrawal 

rate, WR. 

Statistical Analysis 

Achievement 

Hypotheses 1-7 for measure A1 . For the testing of 

hypotheses 1-7 for the criterion measure A1 , a three-way 

analysis of covariance was performed with two covariates. 

There were three categories of the independent variable 

method (LOR, LOS, and LR), two categories of the instructor 

variable (A and B), and two categories of the sex variable 

(M and F). The two covariates were pretest score and age. 

There were three main effects (method, instructor, and sex), 

three first-order interactions (method X instructor, method 

X sex, and instructor X sex), and one second-order interaction 

(method X instructor X sex) tested for significance in this 

analysis. 

The analysis of covariance was performed by computer at 

Florida Atlantic University. The classical analysis of co

variance program from the statistical package SPSS (Kim & 

Kohout, 1975) along with STATISTIC 1 was programmed into 
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the computer. As a result, a table of all raw means, a 

summary ANOVA table, and a Multiple Classification Analysis 

table were obtained for the measure A
1

. The MCA table sup

plied raw and adjusted means for the main effects. The 

computer output indicated an F ratio and the level of con

fidence for each covariate, main effect, and interaction. 

Those differences significant at the . 05 level or beyond 

have been considered 1n some detail in the discussion of 

findings in Chapters IV and V. Those differences whose 

confidence levels were near .05 have also been mentioned. 

Hypotheses 1-7 for measure A2 . For the criterion mea

sure A2 , an analysis of covariance identical to that de

scribed for the criterion measure A
1 

was performed to test 

hypotheses one through seven. The output uata were also 

treated in a similar manner. 

Withdrawal Rate, WR 

Operational Definition. In general, a student was 

classified as a withdrawal if that student took the pretest, 

attended class at least once after the last day of the drop

add period, and did not take the posttest. Those students 

who stopped attending prior to the end of the drop-add 

period were not included in the analysis of data because 

students with extreme pretest scores, upon being counseled, 

could elect to transfer to a more appropriate course during 

the drop-add period. 
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For the various categories of variables involved in 

the analysis,the number of student withdrawals was deter

mined. In all situations except the analysis of withdrawal 

rate by time interval of the course, the raw number of with

drawals was meaningless since the number of students in the 

different variable categories were not equal at the outset. 

Therefore, in these cases, the number of students who per

sisted was also computed for each category. Both the number 

of withdrawals and the number of students persisting were 

then used in the analysis of withdrawal rate. 

Hypotheses 8-10. To test hypothesis 8, a contingency 

table containing the number of withdrawals and the number 

of students persisting for each of the categories LOR, LOS, 

and LR was completed for the variable method. Under the 

assumption of equal proportionality (Senter, 1969, p. 372) 

expected frequencies were computed. A chi-square test was 

then performed with a .OS level of significance necessary 

for rejection of the hypothesis. Hypotheses 9 and 10 were 

tested in an identical manner. 

Hypotheses 11-12. To test hypotheses 11 and 12, chi

square analyses were again used with a .05 level of signifi

cance required for rejection. Expected frequencies were 

computed under the assumption of equal proportionality. In 

particular, for hypothesis 11, five separate contingency 

tables were used. For the category LOR, a table containing 
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the number of withdrawals and the number of students per

sisting for each instructor was tested. The chi-square test 

determined if there were significant differences in withdrawa l 

rates for students of the two instructors within the method 

LOR. Similar tests were made for LOS and LR. Then for 

instructor A, a contingency table was forme d that contained 

the number of withdrawals and the number persisting within 

each method. The chi-square test was used to determine whe

ther there were significant differences between the with

drawal rates of students exposed to the three methods of 

instruction by instructor A. An identical test was per

formed for instructor B. 

Hypothesis 12 was tested 1n the same way with five chi

square anal yses being performed. 

Hypothesis 13. To test the effect of time interval of 

the course on withdrawal rate, the number of students who 

withdrew during seven different time intervals were deter

mined. The seven time intervals were: (1) End of the drop

add period - test 1, ( 2) Test 1 - test 2, ( 3) Test 2 -

test 3, (4) Test 3 - test 4, (5) Test 4 - test 5, (6) Test 5 -

test 6, and (7 ) Test 6 -Exam (Posttest ) . Students were 

classified as withdrawing during an interval of time if they 

took the pretest, attended class at least once during the 

time interval, and did not take the test given at the end 

of the time interval, nor any subsequent t e st. A chi-square 
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table of withdrawal frequencies was constructed for the 

variable time interval of the course. The assumption of 

equal frequency distribution (Senter, 1969, pp. 346-357) was 

used in computing expected frequencies. The chi-square 

test determined if there were significant differences in 

the withdrawal rates of students in the different time 

intervals. The .OS level of significance was required 

for hypothesis rejection. 

Further, for each of the methods LOR, LOS, and LR, a 

similartest was performed. It determined if, within a given 

method, there were significant differences in the rates of 

withdrawal of students in the different time intervals. 

Finally, the different sexes were tested in the same manner. 

Methodological Assumptions 

It was assumed that A1 and A2 are different measures 

of achievement. This assumption was made for several reasons: 

1. The posttest was administered as a final exami

nation in the course and thus involved test anxiety 

to a degree greater than the unit tests. 

2. The posttest was a multiple-choice test whereas 

the unit tests were primarily constructed-response 

tests. 

3. Although the posttest related well to the content 

and objectives of the course, the detail of content 
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tested in the unit tests showed a degree of mastery 

that was obscured in a multiple-choice power test. 

It was essential to measure this mastery of con

tent in order to represent accurately the achieve

ment of the student. 

4. During the semester, students became accustomed to 

the constructed-response format and may have experi

enced frustration with the format of the multiple

choice posttest. 

5. Past usage of the posttest has indicated lower per

centages than the average of the unit tests. 

6. The posttest related topics from various units 

together 1n a manner not possible in the unit tests. 

Further, it covered all major objectives of the 

course as compared to the narrow scope of the unit 

tests. 

Because of these reasons and the resulting assumption 

of difference between A1 and A2 , this investigator elected 

to use both as criterion measures of student achievement . 

Limitations 

There were several limitations to this study. One was 

the participation of the investigator as an instructor. 

This perhaps confounded results, but precautions were taken 

to prevent this. 



64 

A second limitation was the lack of a pilot study. 

However, the experience of the two instructors in teaching 

Intermediate Algebra, their experience in writing and using 

the types of materials required in the study, and the care 

with which the study was planned has helped to minimize 

this limitation. 

Finally, a third limitation was perhaps the lack of 

an attitude survey. The investigator felt the usage of such 

a survey might introduce reactive effects of experimental 

procedures by making students aware that they were partici

pating in an experiment. 

The study was designed with considerable effort given 

to controlling extraneousvariables and to minimizing the 

limitations. The investigator believes that this has been 

accomplished. 



CHAPTER IV 

RESULTS AND ANALYSIS OF DATA 

This chapter first presents a comparison of students 

who persisted and took the posttest and students who with

drew. Following this comparison are the results of the 

testing of the seven hypotheses involving achievement. 

Finally, the results of the testing of the six hypotheses 

concerning withdrawal rate will be given. 

Comparison of Students Who Persisted with 

Students Who Withdrew 

Two hundred and fifteen students registered in the 

three sections of Intermediate Algebra selected to be a 

part of this study. These sections were then randomly sub

divided into six classes. Two instructors (A and B) taught 

three classes each, one by method LOR, one by method LOS, 

and one by method LR. On the first day of class a pretest 

was administered to all students. Students with extremely 

low or extremely high pretest scores were counseled to more 

appropriate mathematics courses. These changes were made 

during the drop-add period. In addition, approximately ten 

of the 215 students failed to report to class. As a result 

of this attrition, 192 students remained in the six classes 

at the end of the drop-add period. The frequencies of these 
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192 students in the groups formed by the independent vari

ables method, instructor, and sex are given in Table 1. 

Of the 192 students comprising the sample 1n the study , 

97 withdrew during the term for various reasons. Ninety-five 

students completed the course and took the posttest. Table 1 

also gives the frequencies of these two categories of stu

dents in the various groups determined by the variables 

method, instructor, and sex. 

According to Campbell ( 1957) and Isaac and Michael (19 71 ) , 

the internal validity of a research design is threatened by 

differential experimental mortality. This occurs when a par

ticular type of subject drops out after the experiment 1s 

underway . This differential loss may affect the findings 

of the investigation. This probl em of mortality has been 

dealt with to some degree by the treatment of withdrawal in 

hypotheses 8-13. A closer look at the age means and the 

pretest score means of the original 192 students, of the 95 

students persisting, and of the 9 7 students withdrawing is 

appropriate. These means and the associated standard devia

tions are given in Table 2. The raw data from which the 

table entries are computed are included in Appendix A, 

Tables 20 and 23. 

Table 2 shows the mean ag e of the students persisting to 

be less than that of the students withdrawing. To determine 

if this difference was si gnificant, a ! test for independent 
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Table 1 

Frequency Distribution of Students Taking the 
Pretest, Persisting,and Withdrawing 

Method, Frequency of students 
instructor, 
and sex Taking the Pretest Persisting 

LOR 

A - Males 14 7 

A - Females 7 3 

B - Males 19 9 

B - Females 12 5 

Subtotals 52 24 

LOS 

A - Males 17 5 

A - Females 11 7 

B - Males 21 11 

B - Females 16 7 

Subtotals 65 30 

LR 

A - Males 28 14 

A - Females 11 8 

B - Males 20 6 

B - Females 16 13 

Subtotals 75 41 

Totals 192 95 

Withdrawing 

7 

4 

10 

7 

28 

12 

4 

10 

9 

35 

14 

3 

14 

3 

34 

97 
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Table 2 

Age and Pretest Score Means for Students Taking 
the Pretest, Persisting, and Withdrawing 

Age Pretest score 

Standard Standard 
Students n Mean dev i ation Mean deviation -

Taking pretest 192 20.24 4.320 9.32 5.01 9 

Persisting 95 19.81 3.691 10.52 5.568 

Withdrawing 97 20.66 4.841 8.14 4.118 

samples was used (Ferguson, 1971). The obtained t value 

was t = 1.365 with df = 190. This did not meet the value 

! ( 190) = 1.960 necessary for significance at the .OS level. 

It can be concluded that the students that withdrew did not 

differ 1n mean age significantly from those who persisted. 

A t test was also used to compare the mean pretest 

score of the students persisting with that of the students 

withdrawing. The obtained value t = 3.360 was significant 

at the .001 level (![190] = 3.291, £ < .001). Further exam-

ination of Table 2 indicates that the pretest score mean 

of the students persisting was significantly higher than the 

pretest score mean of the students withdrawing. The signifi-

cance of difference between these two pretest score means 

could cause a problem in the interpre tation of results 
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relating to achievement. The problem was managed, however, 

by the use of pretest score as a covariate in the two analy

ses of covariance used to test hypotheses 1-7. 

Experimental Results 

Achievement 

Hypotheses 1-7 for measure A1 . An analysis of covariance 

was performed by computer for the criterion measure A1 , the 

raw posttest score. There were two covariates, age and pre

test score, and the three independent variables were method, 

instructor, and sex. The three categories of method were LOR, 

LOS, and LR, while the two instructor categories are labeled 

A and B. Table 20 of Appendix A contains the raw data for 

this analysis. Table 21 of Appendix A contains age and pre

test score means and the means for measures A1 and A2 for 

students taking the posttest. The results of the analysis of 

covariance are given in Table 3. 

Table 3 reveals a high significance level, E < .001, 

for the E ratio associated with pretest score. Thus student 

pretest score is highly significant in affecting the raw 

posttest score A1 . The covariate age was a factor near sig

nificance, E < .069, in its effect on A2 . The .026 level of 

significance for the explained effects indicates that the 

values of A1 associated with the independent variables are 

affected by the covariates. 

Adjustments were made for the effects of age and pretest 

score before the sums of squares were computed for the 
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Table 3 

Analysis of Covariance for A1 

Signif-
Sum of Mean 1cance 

Source of variation squares df square F of F 

Covariates 859.447 2 429.724 9.445 .000 

Age 154.435 1 154.435 3.394 .069 

Pretest score 743.719 1 743 . 719 16.347 .000 

Main effects 258.830 4 64.708 1.422 . 234 

Method 64.085 2 32.042 .704 .497 

Instructor 118.885 1 118.885 2.613 .110 

Sex 84.261 1 84 . 261 1.852 .1 77 

Two-way interactions 58.290 5 11.658 .256 .935 

Method X instructor 3.279 2 1.640 .036 . 96 5 

Method X sex 34.686 2 17.343 .381 .684 

Instructor X sex 18.334 1 18.334 .403 .527 

Three-way interactions 39.520 2 19.760 .434 .649 

Method X inst. X sex 39.520 2 19.760 .434 .649 

Explained 1216.089 13 93.545 2.056 .026 

Residual 3685.215 81 45.496 

Total 4901.304 94 52.142 

Note. n = 95. Grand mean = 29. 8 3. Maximum score = 48. -
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independent variables and their interactions. Consideration 

of the significance levels of the F ratios for main effects 

and interactions reveals that hypotheses 1-7 can not be 

rejected for achievement score A
1

. There were no signifi

cant differences in raw posttest scores associated with 

method, instructor, or sex, nor with the interactions of 

these variables. 

The unadjusted group means for all main effects and 

interaction effects are tabulated in Appendix A, Table 22. 

Table 4, however, allows a closer look at the main effects 

by listing both the unadjusted and adjusted means of A
1 

for 

the categories of the independent variables method, instruc

tor, and sex. This table r eveals that the adjusted mean of 

A1 for LOR is the highest of the three ·means for method, 

while the adjusted mean for LOS is the lowest. Males had 

lower adjusted means for A1 than females. These mean dif

ferences, however, were not significant. 

Hypotheses 1-7 for measure A2 . An analysis of covari

ance identical to that for the achievement measure A
1 

was 

performed for the composite score A2 to test hypotheses 

1-7. The results of this analysis are given 1n Table 5. 

Raw data used in the computation of the sums of squares in 

this table are tabulated in Appendix A, Table 20. Table 5 

indicates a significant E ratio, £ < .001, for the effect 

of pretest scores. Group differences in pretest scores 

and age were adjusted for in the computation of the sums 
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Table 4 

Unadjusted and Adjusted Main Effect Means of A1 

Variable Means 
and 

category n Unadjusted Adjusted 
-

Method 

LOR 24 30.83 (1. 00) a 30.47(.64) 

LOS 30 28.70(-1.13) 28.62(-1.21) 

LR 41 30.07(.24) 30.34(.51) 

Instructor 

A 44 30.23(.40) 31.10(1.27) 

B 51 29.49(-.34) 28. 74(-1.09) 

Sex 

Males 52 29.25(-.58) 28.95(-.88) 

Females 43 30.53(.70) 30.89(1.06) 

Note. Grand mean = 29.83 .. 

aNumbers in parentheses are deviations from the grand mean. 
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Table 5 

Analysis of Covariance for A2 

Signif-
Sum of Mean icance 

Source of variation squares df square F of F 

Covariates 2446.399 2 1223.199 8.165 .001 

Age 286.032 1 286.032 1. 909 .171 

Pretest score 2250.417 1 2250.417 15.022 .000 

Main effects 2183.838 4 545.959 3.644 .009 

Method 877.168 2 438.584 2.928 .059 

Instructor 510.595 1 510.595 3.408 .069 

Sex 771.557 1 771.557 5.150 .026 

Two-way interactions 473.727 5 94.745 .632 .676 

Method X instructor 223.250 2 111.625 .745 .478 

Method X sex 148.844 2 74.422 .497 .610 

Instructor X sex 188.200 1 188.200 1. 2 56 .266 

Three-way interactions 28.499 2 14.250 .095 .909 

Method X inst. X sex 28.499 2 14.250 .095 .909 

Explained 5132.462 13 394.805 2.635 .004 

Residual 12134.551 81 149.809 

Total 17267.013 94 183.692 

Note. n = 95. Grand mean = 68.25. Maximum score = 100. 
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of squares for the main effects and interactions. The 

significance levels for the main effects indicate that sex 

was highly significant, £ ~ .026, in affecting A2 . Method 

was very near significance, £ ~ .059, while instructor was 

f urther from significance, £ ~ .069, in affecting A2 . 

There were no significant interaction F ratios. Consequently, 

for the criterion measure A2 , hypothesis 1 can be rejected 

at the .059 level, and hypothesis 3 can be rejected at the 

.026 level. Hypotheses 2, 4, 5, 6 and 7 can not be rejected 

for A2 . 

The .004 level of confidence for the explained effects 

indicate that the variables and covariates used in this 

study were highly significant in affecting the values of the 

composite score A2 . 

Table 22, Appendix A, lists a ll unadjusted A2 means for 

the main effects and interactions. Table 6 gives unadjusted 

and adjusted main effect means of A2 for the various cate

gories of the variables method, instructor, and sex. The 

adjusted mean for LR is the highest, that for LOR slightly 

less, and the mean for LOS the lowest. These differences 

are very near significance as indicated in the previous dis

cussion of Table 5. The adjusted mean of A2 for females 

is significantly higher than that of the males, £ ~ .026. 

Withdrawal Rate, WR 

Hypotheses 8-10. Chi-square t ests we re performed on 

withdrawal data in contingency tables to test hypothe s es 
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Table 6 

Unadjusted and Adjusted Main Effect Means of A2 

Variable Means 
and 

category n - Unadjusted Adjusted 

Method 

LOR 24 69.71(1.46)a 69.42(1.17) 

LOS 30 63.96(-4.29) 63.82(-4.43) 

LR 41 70.53(2.28) 70.81(2.56) 

Instructor 

A 44 69.46(1.22) 70.88(2.63) 

B 51 67.20(-1.05) 65.98(-2.27) 

Sex 

Males 52 66.06(-2.19) 65.59(-2.66) 

Females 43 70.90(2.65) 71.47(3.22) 

Note. Grand mean = 68.25. 

aNumbers in parentheses are deviations from the grand mean. 
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8, 9, and 10. Raw withdrawal data are listed in Appendix A, 

Table 23. The frequency distribution of students withdrawing 

and students persisting given in Table 1 was the source of 

entries for the contingency tables for the testing of these 

hypotheses. Expected frequencies were determined under the 

assumption of equal proportionality. Tables 7, 8, and 9 

give the results of the chi-square analyses. 

Table 7 indicates no significant differences in with

drawal rate, WR, as affected by instructional method. 

Hypothesis 8 can not be rejected. 

Table 8 also indicates no significant differences in 

withdrawal rate, WR, as affected by instructor. Hypothesis 

9 can not be rejected. 

However, Table 9 indicates a significant difference in 

withdrawal rate, WR, as affected by sex, £ < .05. Males 

withdrew more often than females. Hypothesis 10 can be 

rejected at the .05 level. 

Hypotheses 11-12. Chi-square tests were performed on 

withdrawal data using contingency tables to test hypotheses 

11 and 12. Expected frequencies were computed under the 

assumption of equal proportionality. Raw data for these com

putations are found in Appendix A, Table 23. Compilations of 

the numbers of students withdrawing and persisting were 

given in Table 1. 



Method 

LOR 

LOS 

LR 

Totals 

77 

Table 7 

Chi-square Analysis of Withdrawal Rate 
as Affected by Instructional Method 

Withdrew Persisted 

28(26.3)a 24(25.7) 

35(32.8) 30(32.2) 

34(37.9) 41(37.1) 

97 95 

Note. df = 2. 2 = 1. 331. xzCZ) 5.991, E.< . 0 5. X = 

aNumbers ln parentheses are the expected frequencies. 

Table 8 

Chi-square Analysis of Withdrawal Rate 
as Affected by Instructor 

Instructor Withdrew Persisted 

A 44(44.5)a 44(43.5) 

B 53(52.5) 51(51.5) 

Totals 97 95 

Note. df = 1. 2 . 0 2 2. xzCl) 3.841, . 0 5 . X = = E. < 

a in parentheses the expected frequencies. Numbers are 

Totals 

52 

65 

75 

192 

Totals 

88 

104 

192 



Sex 

Males 

Females 

Totals 

Note . 
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Table 9 

Chi-square Analysis of Withdrawal Rate 
as Affected by Sex 

df = 1. 

Withdrew 

67(60.l)a 

30(36.9) 

97 

2 X = 4.209. 

Persisted 

52(58.9) 

43(36.1) 

95 

2 X (1) = 3.841, E.< . 05. 

_x 2 (1) = 5.412, E.< .0 2. 

aNumbers in parentheses are the expected frequencies. 

Totals 

119 

73 

192 

Tables 10 and 11 show the results of the analyses for 

testing hypothesis 11. Table 10 shows no signjficant dif-

ferences in withdrawal rates associated with either of the 

methods LOR, LOS, or LR as affected by instructor. Table 11 

indicates no significant differences in withdrawal rates 

associated with either of the instructors A or B as a£-

fected by instructional method. Hypothesis 11 can not be 

rejected. There are no significant differences in with-

drawal rate associated with method and instructor acting 

together. 

The analyses for hypothesis 12 are shown in Table 12 

and Table 13. Table 12 shows withdrawal rates within 

methods LOR and LOS are not significantly affected by sex. 
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Table 10 

Chi-square Analysis of Withdrawal Rates Associated with 
Different Instructional Methods as 

Affected by Instructor 

Instructor Withdrew Persisted Totals 

Method LOR 

A 11(11.3)a 10(9.7) 21 

B 17(16. 7) 14(14.3) 31 

Totals 28 24 52 

Note. df = 1. x2 = .0 28 _x2(1) = 3.841, E. < . 0 5 . 

Method LOS 

A 16(15.1) 12(12.9) 28 
B 19(19.9) 18(1 7 .1) 37 

Totals 35 30 65 

Note. df :::: 1. y,2 = .205. ].2 ( 1) :::: 3.841, E. < . 0 5 . 

Method LR 

A 17(17.7) 22(21.3) 39 

B 17(16.3) 19(19.7) 36 

Totals 34 41 75 

Note. df :::: 1. ].2 :::: .106. :/.2 (1) :::: 3.841, E. < . 0 5 . 

aNumbers 1n parentheses are the expected frequencies. 
.;,.;'_ 
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Table 11 

Chi-square Analysis of Withdrawal Rates Associated 
with Different Instructors as Affected 

by Instructional Method 

Method Withdrew Persisted 

Instructor A 

LOR 11(10.5)a 10(lo.5l 

LOS 16(14) 12(14) 

LR 17(19.5) 22(19.5) 

Totals 44 44 

Note. df =: 2 . 1,.2 =: 1.260. x2 (2) =: 5.991, 12.. < . 0 5 . 

Instructor B 

LOR 17(15.8) 14(15.2) 

LOS 19(18.9) 18(18.1) 

LR 17(18.3) 19(17.7) 

Totals 53 51 

Note. df =: 2 . x2 =: . 3 7 4 . 2 ' 2) X l =: 5.991, 12.. < . 0 5 . 

aNumbers in parentheses are the expected frequencies. 

Totals 

21 

28 

39 

88 

31 

37 

36 

104 
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Table 12 

Chi-square Analysis of Withdrawal Rates Associated with 
Different Instructional Methods 

as Affected by Sex 

Sex Withdrew Persisted Totals 

Method LOR 

Males 17(17.8)a 16(15.2) 33 

Females 11(10.2) 8(8.8) 19 

Totals 28 24 52 

Note. df = 1. :1:,2 = . 214. ],2(1) = 3.841, E. < . 0 5 . 

Method LOS 

Males 22(20.5) 16(17.5) 38 

Females 13(14.5) 14(12.5) 27 

Totals 35 30 65 

Note. df 1. x2 = . 57 4. ~2 (1) = 3.841, E. < • OS • 

Method LR 

Males 28 (21. 8) 20(26.2) 48 

Females 6(12.2) 21(14.8) 27 

Totals 34 41 75 

Note. df = 1. xz = 8. 978. 1.2(1) = 6.635, E. < . 01. 

x2 (1) = 10.827, E. < . 001. 

a Numbers in parentheses are the expected frequencies. 
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Table 13 

Chi-square Analysis of Withdrawal Rates Associated 
with Different Sexes as Affected 

by Instructional Method 

Method Withdrew Persisted 

Males 

LOR 17(18.6)a 16(14.4) 

LOS 22(21.4) 16(16.6) 

LR 28(27.0) 20(21.0) 

Totals 67 52 

Note. df = 2 . xz = .440. xz(2) = 5.991, E. < . 0 5 . 

Females 

LOR 11(7.8) 8(11.2) 

LOS 13(11.1) 14(15.9) 

LR 6 (11.1) 21(15.9) 

Totals 30 43 

Note. df = 2 . 12 = 6.758. 1.2(2) = 5.991, E. < . 0 5 . 

x2 C 2) = 7.824, E. < . 0 2 . 

aNumbers in parentheses are the expected frequencies. 

Totals 

33 

38 

48 

119 

19 

27 

27 

73 
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However, within method LR, withdrawal rates are signifi

cantly affected by sex, £ < .01. The withdrawal rate of 

females is significantly less than that of males 1n classes 

taught by method LR. Table 13 shows no significant dif

ference in the withdrawal rates of males as affected by 

instructional method. But there are significant differences 

in the withdrawal rates of females, £ < .05, as affected by 

instructional method. In method LR, the withdrawal rate 

of females is significantly less than in the other methods. 

The results of these analyses as indicated by Tables 12 

and 13 justify the rejection of hypothesis 12. There are 

significant differences in withdrawal rate associated with 

method and sex acting together. 

Hypothesis 13. Hypothesis 13 was tested using a chi

square table with the expected frequencies dictated by the 

assumption of equal frequency distribution. The raw data 

for all analyses for testing hypothesis 13 are listed in 

Appendix A, Table 23. Table 24 in Appendix A gives a tabu

lation of withdrawals in the var1ous categories of method, 

instructor, and sex according to the time interval of with

drawal. Table 14 gives the chi-square test for determining 

if the withdrawal rate in Intermediate Algebra varies sig

nificantly throughout the course. The results are signifi

cant, £ < .001. Hypothesis 13 can be rejected. Withdrawal 

rate is affected significantly by time interval of the 
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Table 14 

Chi-square Analysis of Withdrawal Rate as 
Affected by Course Time Interval 

Withdrawals 

interval Observed Expected 

Drop -add - test 1 9 13.857 

Test 1 - test 2 23 13.857 

Test 2 - test 3 26 13.857 

Test 3 - test 4 16 13.857 

Test 4 - test 5 6 13.857 

Test 5 - test 6 13 13.857 

Test 6 - exam 4 13.857 

Totals 97 97.0 

Note. df 6. 
2 30.227. x2 ( 6) 22 . 457, = X = = E < 

(O-E) 2 

E 

1.702 

6.033 

10.641 

.331 

4.455 

.053 

7.012 

30.22 7 

.001. 
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course with significantly more drops occurring between 

Tests 1 and 2 and between Tests 2 and 3 than in the other 

time intervals. 

To further explore the effect of course time interval 

on withdrawal rate, chi-square analyses similar to t hat in 

Table 14 were performed for each of the methods LOR, LOS, 

and LR, and also for males and females. The results of 

these are given in Tables 15-19. 

Table 15 tests the effect of course time interval on 

withdrawal rate within method LOR. Significant differences 

were found, £ < .01, with more drops occurring between 

Tests 1 and 2 and between Tests 2 and 3. Table 16 explored 

method LOS. Similar results were found as for method LOR, 

E < .05. Table 17 indicates the results of the chi-square 

test of withdrawal rate in method LR as affected by course 

time interval. No significant differences were found. 

Tables 18 and 19 test the eff ect of course time interval 

on the withdrawal rates of males and females, respectively. 

Table 18 showed a significant differenc e in withdrawal rates, 

E < .01, with the male withdrawal rate being higher in the 

intervals between Test 1 and Test 4. Table 19 showed no 

significant differences in the withdrawal rates of females 

as affected by course time interval. 



86 

Table 15 

Chi-square Analysis of Withdrawal Rate Associated with 
Method LOR as Affected by Course Time Interval 

Withdrawals 

Time interval Observed Expected 
CIO-E~-.5) 

Drop -add - test 1 1 4 1.5625a 

Test 1 - test 2 8 4 3.0625 

Test 2 - test 3 11 4 10.5625 

Test 3 - test 4 2 4 .5625 

Test 4 - test 5 2 4 .5625 

Test 5 - test 6 2 4 .5625 

Test 6 - exam 2 4 .5625 

Totals 28 28 17.4375 

Note. 
2 

df = 6. 
2 _x = 17.438. A2 (6) = 16.812, E < .01. 

X (6) 22.45 7 , E < .001. 

aYates' correction was used 1n computing x2
. 

2 
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Table 16 

Chi-square Analysis of Withdrawal Rate Associated with 
Method LOS as Affected by Course Time Interval 

Withdrawals 
CIO-EI-.5) 

Time interval Observed Expected E 

Drop -add - test 1 3 5 .45 2 

Test 1 - test 2 10 5 4.05 

Test 2 - test 3 11 5 6.05 

Test 3 - test 4 3 5 .45 

Test 4 - test 5 1 5 2.45 

Test 5 - test 6 6 5 .05 

Test 6 - exam 1 5 . 4 5 

Totals 35 35 13.95 

Note. df = 6. :~:, 2 = 13.950. _x 2 (6) = 12.592, E.< .OS. 

_x2 (6) = 15.033, £ < .02. 

aYates' correction was used 1n computing 2 _x . 

2 
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Table 17 

Chi-square Analysis of Withdrawal Rate Associated with 
Method LR as Affected by Course Time Interval 

Withdrawals 

Time interval Observed Expected 
CIO-E~-.5) 

Drop -add - test 1 5 4.85 .02Sa 

Test 1 - test 2 5 4.85 .025 

Test 2 - test 3 4 4.85 .025 

Test 3 - test 4 11 4.85 6.582 

Test 4 - test 5 3 4.85 .376 

Test 5 - test 6 5 4.85 .025 

Test 6 - exam 1 4.85 2.314 

Totals 34 34.0 9.372 

Note. df = 6. 
2 9. 37 2. .x2(6) 12.592, . OS. .X = = E. < 

a correction used in computing X 2 Yates' was 

2 
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Table 18 

Chi-square Analysis of Withdrawal Rate Associated with 
Male Students as Affected by Course Time Interval 

Withdrawals 

Time interval Observed Expected 

Drop -add - test 1 5 9.57 

Test 1 - test 2 15 9.57 

Test 2 - test 3 17 9. 57 

Test 3 - test 4 13 9.57 

Test 4 - test 5 4 9.57 

Test 5 - test 6 11 9.57 

Test 6 - exam 2 9. 57 

Totals 67 67.0 

Note. df = 6. 2 20.705. x2C6) 16.812, E. < . 01. X = = 

x2 c 6) = 22.457, E. < . 001. 

(O-E) 2 

E 

2.182 

2.081 

5.769 

1.229 

3.242 

.214 

5.988 

20.705 
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Table 19 

Chi-square Analysis of Withdrawal Rate Associated with 
Female Students as Affected by Course Time Interval 

Withdrawals 
CIO-E!-E) 

Time interval Observed Expected 

Drop-add - test 1 3 4.285 .144a 

Test 1 - test 2 10 4.285 6.347 

Test 2 - test 3 8 4 .285 2 . 412 

Test 3 - test 4 3 4.285 .144 

Test 4 - test 5 2 4.285 .744 

Test 5 - test 6 2 4 . 285 . 744 

Test 6 - exam 2 4.285 .744 

Totals 30 30.0 11.279 

Note. df = 6 . 2 11.279. _x2(6) 12.592, E. < . 0 5 . _x = = 

aYates' correction was used in computing .X 2 

2 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

The Study 

Efforts of educators to provide for individual differ

ences in student backgrounds, abilities, and learning rates 

have led to widespread use in the last twenty years of pro

grammed instruction and individualized instruction. Both 

methods of instruction have involved the use of behavioral 

objectives and student self-testing. Research on these two 

types of instruction have produced mixed results. A con

troversy has resulted which centers on the use of behavioral 

objectives. Some research has been conducted on the use of 

behavioral objectives, but only a minimal number of studies 

was done at the community college level. 

The purpose of this study was to ascertain whether the 

use of behavioral objectives with or without student self

evaluation testing could improve achievement and reduce 

attrition in Intermediate Algebra at the community college 

level. The sample was taken exclusively from Broward Com

munity College Central Campus, Fort Lauderdale, Florida. 

Three daytime sections offered at 9 a.m., 11 a.m., and 12 

noon were selected for use in this study. Students regis

tered for these sections without prior knowledge of instruc

tor. These three sections were then randomly subdivided to 

91 
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form six classes. Two carefully-chosen instructors taught 

three of these classes each. Results of this study must be 

interpreted with these delimitations in mind. 

Three instructional methods were randomly assigned to 

the six classes with the restrictions that no method would 

be used twice at any one time period, and each instructor 

would teach three classes, one by each method. The control 

method LR involved traditional lecture and test review. In 

the experimental method LOR, students were taught by the lec

ture approach with references made to stated lists of behav

ioral objectives. A review period was also held before each 

unit test day. Method LOS was identical to method LOR, except 

that on the class day before the unit test, students took a 

self-evaluation test instead of participating in a review. 

On the first day of class a comprehensive course pretest was 

administered. The same test was administered as a posttest 

and also served as a final examination for the course. 

Student achievement was measured by the raw posttest 

score (A1) and by a composite score (A 2) of unit test percen

tages and the posttest score percentage. Seven research hy

potheses relating to achievement were tested for each of the 

measures A1 and A2 . These hypotheses stated that there were 

no significant differences in achievement scores associated 

with the independent variables instructional method, instruc

tor, or sex, nor with their interactions. Separate analyses 

of covariance with the covariates age and pretest score were 
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performed to test the seven hypotheses for A1 and for A2 . 

No significant differences in raw posttest scores were found 

due to any of the independent variables, nor to their inter

actions. However, sex was found to be significant in af

fecting A2,£ ~ .026. Differences in A2 due to method were 

very near significance, £ ~ .059. 

Six research hypotheses involved withdrawal rate, WR. 

These tested the effects on WR of method, instructor, sex, 

method and instructor acting together, method and sex acting 

together, and intervals of time within the course schedule. 

It was found that withdrawal rates varied significantly with 

respect to sex, with respect to method and sex acting to

gether, and with respect to the time interval within the 

Intermediate Algebra course. 

Findings 

Hypotheses 1-7. For achievement measure A1 , none of the 

seven hypotheses could be rejected. Although not significant, 

differences in adjusted means indicated method LOS was less 

effective than method LOR and also less effective than the 

traditional method LR in producing results on the posttest. 

Composite scores, A2 , differed significantly with respect 

to sex, with females scoring higher than males. There were 

5.88 percentage points difference in the female and male 

adjusted mean values of A2 . Hypothesis 3 was thus rejected at 

the .026 level. For the method effect, significance at the 
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.059 level was almost sufficient for the rejection of hy

pothesis 1. Method LR produced adjusted A2 means 6.99 per

centage points above those of method LOS but only 1.39 points 

above those of method LOR. The significance level for the 

instructor effect did not justify the rejection of hypothesis 

2, £ ~ .069. None of the hypotheses 4, 5, 6 or 7 dealing with 

interaction effects could be rejected for measure A2 . 

Finally, the analysis of covariance did indicate that 

pretest scores were highly significant in affecting both of 

the measures A1 and A2, E < .001. For the measure A1 , the 

covariate age appeared to be more of a factor, E ~ .069, 

than for the measure A2 , £ ~ .171. 

Hypotheses 8-13. Hypotheses 8 and 9 were not rejected. 

Neither method nor instructor were found to significantly 

affect withdrawal rate, WR. Sex had a significant effect, 

however, and hypothesis 10 was rejected at the .OS level. 

Females withdrew less often than males with 69.1 % of the 

total withdrawals being males. Of the 119 males taking the 

pretest, 56.3% withdrew from the course. In comparison, 

only 41.1 % of the 73 females taking the pretest withdrew. 

Method and instructor acting together did not signifi

cantly affect WR. Hypothesis 11 was not rejected. However, 

method and sex acting together did affect withdrawal rate 

sufficiently for the rejection of hypothesis 12. It was 

found that females withdrew significantly less than males 

within the conventional method LR, £ < .01, but the 
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differences in the withdrawal rates of males and females were 

not significant within the other two methods. Although the 

withdrawal rates of males did not vary significantly with 

respect to method, WR for females was significantly less 

in method LR than in the methods LOR and LOS, £ < .OS. 

Hypothesis 13 was rejected at the .001 level with drops 

occurring at a significantly higher rate between Tests 1 and 

3 than at other time intervals of the course. In the sample 

SO.S % (97) of the students withdrew. Of these withdrawals, 

SO.Sl% occurred between Tests 1 and 3. In other words, 

2S.S2% of the students in the sample withdrew during this 

time period. This is extremely significant. 

This tendency of heavy drops between Tests 1 and 3 was 

indicated in methods LOR(£< .01), and in method LOS 

(£ < .OS), but not in method LR. Differences in male with

drawal rates with respect to course time interval were sig

nificant at the .01 level. The time periods between Tests 

1 and 4 and between Tests S and 6 produced the most frequent 

male withdrawals. The lack of significance in the analysis 

of female withdrawal rates as affected by course time in

terval indicated a more even dispersal of female withdrawals. 

Conclusions 

This investigator had assumed that the raw posttest 

score A1 and the composite score A2 were different measures 

of achievement. The study results have verified this in two 
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ways. First, A2 lent itself to being affected by the vari

ables method, instructor, and sex to a degree more than that 

of the measure A1 . The level of confidence for method 

effects on A1 was only .497, while for A2 it was very near 

significance, E < .059. This implies that instructional 

method can have more of an effect on A2 than on A1 . 

Also, A2 scores were higher than A1 scores. The percentage 

average of the raw posttest score A1 was 62.15% while the 

group mean for the composite score was 68.25%. Formed in a 

similar manner to that often used in computing numerical 

grade averages for Intermediate Algebra courses in community 

colleges, the composite score A2 involved the results of 

tests taken throughout the entire term. A2 thus appears to 

be more representative of total knowledge acquired than A1 . 

The differences in the percentage means of these two measures 

tend to verify this. 

These differences favoring A2 indicate that the use of 

a composite score is a better method for measuring student 

achievement in Intermediate Algebra than the use of a single 

final examination score. The implication is that composite 

scores are better for determining student grades than are 

final examination scores. This investigator believes this 

study has yielded information about achievement measure and 

grade determination significant to community college instruc

tors of Intermediate Algebra. 



97 

The results of this study showed that the pretest score 

was extremely significant in affecting A1 (f = 16.347, 

E < .001) and in affecting A2 (f = 15.022, E < .001). This 

indicates that the pretest score could be a relatively reli

able predictor of final examination score (A1 ) and final 

course grade (as determined from A2). This predictive ability 

of the pretest score would offer evidence for its use as a 

placement test in Intermediate Algebra. The scores could be 

used in counseling students to remain in the course or to take 

a more appropriate mathematics course. The fact that the 

students who did withdraw after the drop-add deadline during 

the term of this study had significantly lower pretest scores 

than those who persisted further verifies the ability of the 

pretest score to predict student achievement. 

An interesting result of this study was that females are 

more persistent in Intermediate Algebra and also achieve higher 

(as measured by A2) than males. Intermediate Algebra instruc

tors need to make a special effort to help their male students 

improve their achievement and successfully complete the 

course. It was also shown that students tend to withdraw 

before the completion of the review topics in Units 1-3. These 

results indicate a need for the counseling and proper placement 

of students desiring to register for Intermediate Algebra. 

Finally, this investigator had hoped to unequivocably 

verify that the use of behavioral objectives alone and their 

use 1n conjunction with self-evaluation tests would enhance 
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the lecture method as a teaching technique in Intermediate 

Algebra. Differences in achievement between students being 

taught by the lecture method and the lecture method with the 

use of objectives were bare discernible. However, differ

ences in achievement as measured by A2 were obvious and nearly 

significant, £ ~ .059, with method LOS being well below the 

other two methods in producing results. This is certainly 

disappointing but perhaps explainable. First, students in 

general are more familiar with the lecture approach and thus 

might tend to resist other techniques such as the use of 

self-evaluation tests. Secondly, the approach used in methods 

LR and LOR tended to put students at ease by giving them an 

opportunity to have their questions answered in the review 

session just prior to the test day. The students in treat

ment LOS, however, took a test which indicated what they still 

needed to learn, but they did not have the opportunity to ask 

questions about the material during class time between the 

time they took the self-evaluation test and the unit test. 

Rather, they left the class on the day of the self-evaluation 

test with a list of objectives in which they were deficient. 

Further, they only had two days to prepare themselves for the 

test. The investigator observed during the course of the 

study that the self-evaluation test was anxiety-producing. 

This anxiety could have deflated the unit test scores of 

students. 
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This discussion is not meant to rule out the use of 

self-evaluation tests but rather to alter the format in which 

they are given. To prevent contamination of treatments in 

this experiment, the self-tests were taken and graded in one 

hour and returned to the instructor. A more appropriate 

format would be for students to take the self-evaluation 

test several days prior to the unit test and be allowed to 

take them with them to use for further study. Classroom 

discussion of student errors on the self-evaluation test 

could also further enhance the value of this type of test. 

Recommendations for Further Research 

This study indicates the need for further research on 

the use of behavioral objectives so as to identify their 

precise effect on student learning. Evidence was not con

clusive in this study as to the effect of their use on the 

achievement of Intermediate Algebra students at the com

munity college. The use of self-evaluation tests needs to 

be studied further. This particular study needs replication 

with more students and with treatments being spread through 

different community colleges. Contamination would then be 

less of a threat and students could use the self-evaluation 

test as a study guide to help them review and prepare for 

the unit tests. Such a study could perhaps give definitive 

results on the effect of self-evaluation tests on student 

achievement in Intermediate Algebra. 
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Further research is needed to verify the evidence found 

in this study that composite scores are better measures of 

achievement than single posttest scores. The use of the pre

test score as a predictor of student success and as a diag

nostic test to use in student placement also needs to be 

explored through research. 

Finally, research is necessary to determine why the 

withdrawal rate in Intermediate Algebra is at the 50% level, 

so that community college personnel can take steps to de

crease this problem. Males achieve significantly less 

than females in Intermediate Algebra and have significantly 

higher withdrawal rates than females. Further study is 

needed to determine the causes of this imbalance. Since 

student withdrawal is a form of non-achievement, its impor

tance can not be overstated. Research could play a vital 

role in providing information that could be used to reduce 

the student withdrawal rate in Intermediate Algebra at the 

community college. 



APPENDIX A 

Appendix A contains a table of raw data collected on 

the students who completed the course and took the post

test .. Summary tables of group means Jre also included for 

these students. A table of raw data for those students who 

withdrew includes age, pretest score, and time interval of 

withdrawal. Also included is a frequency distribution table 

that summarizes student withdrawals as to time interval of 

withdrawal. 
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Table 2 0 

Sample Data for Computer Analysis of Student Achievement 

I.D. a Pretest 
~b No. Method Instructor Sex Age score A c 

2 

1 LOS A F 19 6 26 56.4 

2 LOS A M 18 18 38 57. 3 

3 LOS A M 18 3 29 63.3 

4 LOS A F 17 8 37 82.1 

5 LOS A F 19 14 17 45.0 

6 LOS A F 1 7 15 35 75.8 

7 LOS A F 19 6 37 72.9 

8 LOS A M 19 13 19 48.6 

9 LOS A M 19 . 6 30 53.7 

10 LOS A F 19 4 25 57.0 

11 LOS A M 18 1 2 26 64.8 

12 LOS A F 18 11 32 82.8 

13 LR B F 19 10 20 57.5 

14 LR B M 24 9 29 79.4 

15 LR B F 18 16 36 86. 2 

16 LR B M 18 11 13 35.6 

17 LR B F 18 13 31 72. 0 

18 LR B F 18 5 18 54.9 

19 LR B F 18 10 34 86.0 

20 LR B F 19 6 33 70.6 

21 LR B M 26 7 29 54.3 
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Table 2 0 (continued) 

I. D. Pretesta 
~b Ac No. Method Instructor Sex Age score 2 

22 LR B M 19 15 40 8 2. 7 

23 LR B F 18 10 33 82.1 

24 LR B F 19 13 29 68.1 . 

25 LR B F 18 13 28 59.1 

26 LR B F 19 6 16 39.9 

27 LR B F 19 11 25 59.4 

28 LR B M 21 7 38 83.3 

29 LR B F 21 0 31 76.4 

30 LR B M 19 5 34 7 5. 0 

31 LR B F 34 14 37 90.4 

32 LR A F 19 4 25 69.9 

33 LR A F 18 3 30 63.6 

34 LR A M 17 12 32 7 2. 4 

35 LR A F 17 14 35 80.5 

36 LR A M 20 3 33 68.6 

37 LR A F 20 3 26 65.1 

38 LR A M 19 3 28 63.3 

39 LR A M 18 14 31 76.5 

40 LR A M 18 22 33 74.4 

41 LR A F 18 8 19 61.4 

42 LR A M 18 11 18 50.2 

43 LR A M 20 5 38 82.1 
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Table 20 (continued) 

I. D. 
a Pretest 

Ab No. Method Instructor Sex Age score Azc 1 

44 LR A M 20 11 32 64 .0 

45 LR A F 18 11 39 84.7 

46 LR A F 18 10 34 85.4 

47 LR A F 20 15 45 98.6 

48 LR A M 19 11 18 51.6 

49 LR A M 20 9 38 81.9 

so LR A M 20 6 29 70.0 

51 LR A M 19 22 34 7 5. 2 

52 LR A M 18 6 . 2 7 63.0 

53 LR A M 18 18 35 76.5 

54 LOR B M 18 21 33 74.2 

55 LOR B F 18 14 25 52.6 

56 LOR B M 23 10 36 78.0 

57 LOR B M 19 9 33 7 5. 0 

58 LOR B M 23 14 29 63.0 

59 LOR B F 19 14 36 71.9 

60 LOR B F 19 23 42 82. 0 

61 LOR B M 27 5 17 53.6 

62 LOR B F 18 12 22 60.6 

63 LOR B M 18 11 29 58. 2 

64 LOR B M 18 4 35 7 2. 5 

65 LOR B M 33 6 33 58. 8 
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Table 20 (continued) 

I. D. Pretest a 
Ab Azc No. Method Instructor Sex Age score 1 

66 LOR B M 18 14 26 63.2 

67 LOR B F 18 25 44 91.7 

68 LOR A F 20 7 29 66.8 

69 LOR A F 18 24 38 92. 5 

70 LOR A M 23 4 17 53.4 

71 LOR A M 20 7 25 61.6 

72 LOR A M 26 7 32 73.5 

73 LOR A F 22 9 38 80. 5 

74 LOR A M 18 7 37 78.9 

75 LOR A M 18 10 31 70.7 

76 LOR A M 18 7 28 69.9 

77 LOR A M 18 7 25 70.0 

78 LOS B M 18 17 16 37.3 

79 LOS B F 17 5 25 62.4 

80 LOS B F 19 5 25 47.2 

81 LOS B F 17 4 18 43.8 

82 LOS B M 18 14 23 55.9 

83 LOS B M 25 13 27 62. 9 

84 LOS B M 21 11 20 50. 7 

85 LOS B M 19 10 31 68.1 

86 LOS B F 17 2 25 64.3 

87 LOS B M 19 9 20 45.8 

88 LOS B F 35 21 47 97.3 
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Table 20 (continued) 

I. D. Pretes~ 
~b No. Method Instructor Sex Age score Azc 

89 LOS B F 18 20 38 90.1 

90 LOS B F 18 11 28 61.1 

91 LOS B M 36 5 32 64.9 

92 LOS B M 19 9 29 70.1 

93 LOS B M 21 23 37 83.8 

94 LOS B M 17 18 38 78.0 

95 LOS B M 21 13 31 75.3 

Note. 
test. 

Data is included only for students wh_o took the post
Sample means are given in Table 21. n = 95. 

aM . 
1 axlmum score = 4 8. 

bM . axlmum score = 48. Group means are given ln Table 2 2. 

eM . axlmum score = 100. Group means are given in Table 2 2. 
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Table 21 

Sample Data Summary for Students Taking the Posttest 

Standard 
Variable Mean deviation 

Age in years 19.81 3.691 

Pretest a 10.52 5.568 score 

A b 
1 29.83 7.221 

Ac 
2 68.25 13.553 

aM . ax1mum score = 48. 

bM . ax1mum score = 4 8. 

eM . ax1mum score = 100. 
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Table 22 

Group Means for Achievement Measures A1 and A2 

Achievement score means 
a b 

Group n Al Az -

Method 

LOR 24 30.83 69.71 

LOS 30 28.70 63.96 

LR 41 30.07 70.53 

Instructor 

A 44 30.23 69.46 
B 51 29.49 67.20 

Sex 

Male 52 29.25 66.06 
Female 43 30.53 70.90 

Method X instructor 

LOR - A 10 30.00 71.7 8 

LOR - B 14 31.43 68.24 
LOS - A 12 29.25 63.31 

LOS - B 18 28.33 64.39 
LR - A 22 30.86 71.77 
LR - B 19 29.16 69.10 

Method X sex 

LOR - M 16 29.12 67.16 
LOR - F 8 34.25 74.82 
LOS - M 1 6 27 .8 7 61.28 

LOS - F 14 29.64 67.01 
LR - M 20 30.45 69.00 
LR - F 21 29.71 71.99 
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Table 22 (continued) 

Achievement score means 

Group n A a Ab 
- 1 2 

Instructor X sex 

A - M 26 29.35 66.75 

A - F 18 31. so 73.39 

B - M 26 29.15 65.37 

B - F 25 29.84 69.10 

Method X instructor X sex 

LOR - A - M 7 27.86 68.29 

LOR - A - F 3 35.00 79.93 

LOR - B - M 9 30.11 66.28 

LOR - B - F 5 33.80 71.76 

LOS - A - M 5 28.40 57.54 

LOS - A - F 7 29.86 67.43 

LOS - B - M 11 27.64 62.98 

LOS - B - F 7 29.43 66.60 

LR - A - M 14 30.43 69.26 

LR - A - F 8 31.62 76.15 

LR - B - M 6 30.50 68.38 

LR - B - F 13 28.54 69.43 

aMaximum score = 48. 

bM . ax1mum score = 100. 
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Table 23 

Sample Data for Analysis of Student Withdrawal Rate 

I. D. 
Inst.b c d Preteste Time interval 

No. a Sex Age of withdrawal Method score 

96 LOR A M 19 11 Test 1 - Test 2 

97 LOR A M 20 14 Test 2 - Test 3 

98 LOR A M 18 15 Test 5 - Test 6 

99 LOR A F 24 10 Test 2 - Test 3 

100 LOR A F 17 10 Test 4 - Test 5 

101 LOR A F 19 13 D-Af - Test 1 

102 LOR A F 55 3 Test 3 - Test 4 

103 LOR A M 27 2 Test 6 - Exam 

104 LOR A M 26 1 Test 2 - Test 3 

105 LOR A M 18 9 Test 1 - Test 2 

106 LOR A M 18 3 Test 1 - Test 2 

107 LOR B F 20 7 Test 1 - Test 2 

108 LOR B M 26 10 Test 2 - Test 3 

109 LOR B M 27 7 Test 2 - Test 3 

110 LOR B M 27 "' Test 5 Test 6 .) 

111 LOR B F 19 12 Test 2 - Test 3 

112 LOR B M 24 8 Test 2 - Test 3 

113 LOR B M 19 12 Test 2 - Test 3 

114 LOR B M 18 7 Test 1 - Test 2 

115 LOR B F 18 7 Test 6 - Exam 

116 LOR B M 18 6 Test 1 - Test 2 
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Table 23 (continued) 

I. D. b d Preteste Time interval 
No. Method a Inst. Sexc Age score of withdrawal 

117 LOR B F 18 2 Test 1 - Test 2 

118 LOR B M 19 12 Test 3 - Test 4 

119 LOR B F 19 9 Test 1 - Test 2 

120 LOR B F 19 4 Test 2 - Test 3 

121 LOR B M 21 7 Test 2 - Test 3 

122 LOR B M 18 7 Test 2 Test .. - .) 

123 LOR B F 30 2 Test 4 - Test 5 

124 LOS A M 27 .. Test 2 Test 3 .) 

125 LOS A F 17 5 Test 5 - Test 6 

126 LOS A M 19 11 Test 5 - Test 6 

127 LOS A M 20 2 Test 5 - Test 6 

128 LOS A M 19 13 Test 2 Test .. - .) 

129 LOS A M 18 8 Test 1 - Test 2 

130 LOS A F 27 6 Test 2 - Test 3 

131 LOS A M 19 8 Test .. Test 4 .) -

132 LOS A M 19 12 Test 1 - Test 2 

133 LOS A M 19 5 Test 1 - Test 2 

134 LOS A F 27 3 D-A - Test 1 

135 LOS A M 20 11 Test 2 - Test 3 

136 LOS A M 18 5 Test 1 - Test 2 

137 LOS A M 19 11 Test 3 - Test 4 
::--

138 LOS A M 22 1 Test 5 - Test 6 
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Table 23 (continued) 

I. D. 
Inst.b c d Preteste Time interval 

No. a Sex Age of withdrawal Method score 

139 LOS A F 19 14 Test 1 - Test 2 

140 LOS B F 19 13 Test 2 - Test 3 

141 LOS B F 17 9 Test 6 - Exam 

142 LOS B M 18 6 Test 2 Test '"' - .) 

143 LOS B M 21 10 Test 1 - Test 2 

144 LOS B M 21 9 Test 5 - Test 6 

145 LOS B F 18 12 Test 2 - Test 3 

146 LOS B M 21 4 Test 1 - Test 2 

147 LOS B M 18 11 D-A - Test 1 

148 LOS B F 20 12 Test 2 - Test 3 

149 LOS B F 22 10 Test 1 - Test 2 

150 LOS B F 20 5 Test 3 - Test 4 

151 LOS B F 18 10 Test 5 - Test 6 

152 LOS B F 34 3 Test 2 - Test 3 

153 LOS B M 29 4 Test 4 - Test 5 

154 LOS B M 18 15 Test 2 Test 7 
.) 

155 LOS B M 26 5 Test 1 - Test 2 

156 LOS B M 19 13 Test 2 - Test 3 

157 LOS B F 19 12 Test 1 - Test 2 

158 LOS B M 18 3 D-A - Test 1 

159 LR A M 20 7 Test 6 - Exam 
:!-· 

160 LR A M 26 8 Test 2 - Test 3 
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Table 23 (continued) 

I. D. 
Inst.b d Preteste Time interval 

No. a Sexc Age of withdrawal Method score 

161 LR A M 18 13 D-A - Test 1 

162 LR A M 18 6 Test 3 - Test 4 

163 LR A M 18 7 Test 5 - Test 6 

164 LR A M 19 5 Test 3 - Test 4 

165 LR A M 19 14 Test 4 - Test 5 

166 LR A F 18 17 Test 2 - Test 3 

167 LR A F 19 10 D-A - Test 1 

168 LR A F 18 3 Test 3 - Test 4 

• 169 LR A M 21 14 Test 1 - Test 2 

170 LR A M 20 3 Test 2 - Test 3 

171 LR A M 20 17 Test 3 - Test 4 

172 LR A M 18 8 Test 3 - Test 4 

173 LR A M 18 13 D-A - Test 1 

174 LR A M 19 5 Test " Test 4 .) -

175 LR A M 25 11 Test 5 - Test 6 

176 LR B M 18 9 Test 3 - Test 4 

177 LR B M 20 13 Test 3 - Test 4 

178 LR B F 18 3 Test 1 - Test 2 

179 LR B M 19 8 Test 5 - Test 6 

180 LR B M 18 8 Test 5 - Test 6 

181 LR B M 22 1 Test 4 - Test 5 

182 LR B M 21 1 Test 3 - Test 4 



I. D. a 
No . Method 

183 LR 

184 LR 

185 LR 

186 LR 

187 LR 

188 LR 

189 LR 

190 LR 

191 • LR 

192 LR 

Note. n = 97. 

a 
~LOR = 28 · 

b 
~A = 44 . 

c~ = 6 7. 

dMean = 20.66. 
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Table 23 (cont inued) 

Inst. b Sex c 

B M 

B M 

B F 

B F 

B M 

B M 

B M 

B M 

B M 

B M 

~LOS = 35 · 

~B = 53. 

E.p = 30. 

d Pre teste 
Age score 

19 8 

18 11 

21 11 

19 3 

17 3 

19 15 

18 9 

19 10 

19 10 

19 9 

~LR = 34. 

Standard deviation = 4.841. 

Time interval 
of withdrawal 

Test 1 - Test 2 

Test 2 - Test 3 

Test 1 - Test 2 

D-A - Test 1 

Test 5 - Test 6 

Test 1 - Test 2 

Test 3 - Test 4 

Test 4 - Test 5 

Test 3 Test 4 

D- A - Test 1 

eMaximum score = 48. Mean = 8 .1 4 . Standard deviation = 4 .11 8 . 

£Drop-add deadline. 
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Table 24 

Frequency Distribution of Withdrawals During Course Time 
Intervals for Categories of Method, Instructor, and Sex 

Method Instructor Sex 

Time interval LOR LOS LR A B M F Totals 

Drop -add - test 1 1 3 5 5 4 5 3 9 

Test 1 - test 2 8 10 5 9 14 15 10 23 

Test 2 - test 3 11 11 4 10 16 17 8 26 

Test 3 - test 4 2 3 11 9 7 13 3 16 

Test 4 - test 5 2 1 3 2 4 4 2 6 

Test 5 - test 6 2 6 5 7 6 11 2 13 

Test 6 - exam 2 1 1 2 2 2 2 4 

Totals 28 35 34 44 53 67 30 97 

Number taking 52 65 75 88 104 119 73 192 
pretest 



APPENDIX B 

Appendix B includes the Intermediate Algebra (Mathe

matics 131) final examination that was used as both the 

pretest and the posttest in this study. 
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MATHEMATICS 131 FINAL EXAMINATION 

CO NOT l1ARK ON THIS 'IEST COPY. 

Do all work a:.• a separate worksheet ~ hand it i.• to your .L'"lStructor. 
I•.lark your c.'1oice of arlS'.;::r on t±.e arl3\'Jer ::aro. 
C100se the ~ b<;st ar}SI.>Jer for ead1 gu8Stion. 

1. If A= {0,1,-1,2} and B = {1,-1,3,4,5}, th~1 AU B is: 

a. {1 ,-1} b. {-1,0,1,2,3,4,5} c. ~ 

d. {1,-1,3 ,4 ,5} e. none of th;:se 

2 • ./37 is a Jrei:1ber of all of the listed se~ d1ere J = {integers}, Q = {rati' 

H = {irrationals} , R = { reals} 

a. Q,H b. Q,R c. H,R d. J,Q,R e. none of these 

3. a, b, c E R. If a = b the.'1 a + c = b + c. 'Illis is a. staterrent of M1ic.'1 1< 

a. Sym::etric raw 

b. 1rldi tion Law of Eguali ty 

c . o:r.nu..tati ve Law of 1lddi tion 

d . Transitive Lau of Ecjuali ty 

e • none of these 

4. v-:hat re1ations.'1ip must exist bctv~een x an:: y if lx-yl = ~-Y.? 

a. x ~Y b. X < y C. X < " - .. d. X= y 

5. Graph {xi- 2 > x, x is a real nunl!::.er} • 

a. ( • (j) I I 7 
-6 -3 0 3 6 

b. 

~·' 
; 4t + • ' ! ~ 
-6 -3 0 3 6 

c. ' I a: a ! • ! ~ 
I 

-6 -3 0 3 6 

d •• I I ; + + ~ ... + .. • ~., ~ 
-6 -3 0 3 6 

e. none of t.."l-les~ 
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a. 25 b. -25 c. 7 d. -7 e. none of these 

7. x + {2x - (x·-1) ] is equal to : 

a. 2:<-1 b. 1 c. 4x-l d. 2x+l e. none of these 

8. Express -3x2 {x-4) (2x+5) as a si.r.ple fOlynanial. 

a. -6x4 + 60x2 

- ... 4 "'3 3 ~Ox2 a. -ox + -' x + o _ e. none of these 

9. ? . --x- + xy ~s equaL to · 

a. x(x+y} b. -x(x+y) 2 c. -x (l+y) d. x(-x-.f) 

e. none of these 

10. L'1 CO'!!?letely factored fo:r:m ov.;r t"le integers, x 
4 + 2x2 - 24 is equal to: 

a. (x2 - <i) (~ + 6) 
"' 2 b • (x" + 4) (x - G) 

c. (x - 2) (x + 2) (~ + 6) d. (:{ - 2) (x + 2) (x2 - 6) 

e. non:: of these 

11. a 3 - 8 in oompl.:tel y factore.."l foil!\ ov-:::r t.'1e integ·:::rs is equal to : 

a. (a-2) (a2 - 2a + 4) 

b. (a-2) (a-2) (a-2) 

c. {c-2) {a2 + 4a + 4) 

d. {a-2) (a2 + 2a + 4) 

e. none of these 

12. In completely factored fom over the integers , x3 - x2 - 20x is ·2CJUal to! 

a. x<x
2

- x- 20) b. x2 (x- l) - 20x 

c • x {x + 4) (x - 5) d. • { }~ + l.lx) (x - 5) 

e. none cf tl1E:se 



119 

13. If X ~ 3 the."'l 

7 2 in simplest for.m is: 
- + 
x-3 3-x 

a. 5 

x-3 
b. 9 

x-3 

14. If X ~ 1, -1 then 

2 1 3 is equal to: 
+ 

x2-1 x+l x-1 

a. x b. 4 

x2-1 

15. If X 't- 4, -3, 0 then 

x2-9 x2 -X- 12 - • 
2x-8 :{2 - 3x 

~ 2 + 9x a. - 6x 

2."<2 - lSx + 32 

c. x2+9 

2x 

e. none of t.'1ese 

c. X d. x+2 

x2-1 x2-l 

in simplest form is : 

b. 2- - 9 

2x 

d. x'2 + Gx + 9 
2x 

16. If X ~ 0 r y 1'" 0 , X ~ -4y then 

sx2 + 20xy 
Sx 

X+ 4y 

y 

a. Sx3 + 100x2y + 0~AY2 

Sxy 

c. y 

e. none of th~ 

in simplest forn is~ 

d. ,?-y + 4x-.l 
2- + ~xy 

e. none of these 

e. none of t!1ese 
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17. If u ~ 0, -1 then· 

t 
t + u in lowest terms is : 

1 
1 + -u 

a. t 

c. u + 1 

tu + t 

e. none of these 

b. tu + t 

u + 1 

d. tu2 + 2tu + t 
u2 

18. For tl1e quotient x 3 - 7x
2 + 5 th-: r~l"lder is: 

X- 2 

a. -5 b. -31 c. 25 d. -15 e. none of thes~ 

19. 0 .00705 .::xpress;.:d in scientific notation is: 

a •• 705 x 10-2 

d. 705 X 10-S 

b. 7.05 X 103 

e • none of thes..; 

-3 C. 7 .• 05 X 10 

20. If m, n ~ N : x, YC R, which statement is false? 

a. x:rrt.y"J = (xy)rn 

b. ,pyn = (xy)m+n 

c. <~*2)n = ~ + 2u 

d. 1 
,(lyn 

= (xy) -n 1 X ~0 1 Y ~ Q 

e. none of th~:;s.:a 

21. If x ~ 0 1 y ~ 0 ; then Sx - 1 - 3y -l in simplest_ form is equivalent to: 

a. 1 

Sx- 3y 

22. (-6~x3}2/3 

a. -4x 

t... 2 c. 5y-3x .u. -
xy xy 

in simplest fonn is ~ 

2 c. -64x 

d. 1 1 e. none of th~ 

Sx 3y 

d. -16x2 e. none of t.""les~ 
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23. Si.rrplify /~ ' 
' 

a. 2JJx b. /3x c. .;;: d. ;;_; e. none of ti:"lt!sc 

3x 9x2 3x 3x 

24. Siinplify Jx 
1 -/x 

a. rx b. rx -x c. X 

1-x 1 -X IX- X 

d. Jx +X 

1- X 

e. none of thesa 

25. (/2- 3) ( /2 + 5) = 

a. -13 + 2 /2 b. -ll + 2/2 c) -ll /2 d. -13 + e/2 
e. none of th~e 

26. -5 + ;::32 in simplifie.:J standard fo:wn is : 

a. -5 + /32 i 

d. -5 - 4 ,/2 i 

b. -5 + 4/2 i 

e. none of L~se 

2 7. If 7x + 3 = 11 - 4x then x = 

28. 

29. 

3~. 

a. 14 

11 

b. a 
3 

~1a solution set of I 
4 

a . it b. {S/4} 

'Ihe solution set of 1 
X 

a. {-4/~} b. {4/15} 

+ 

c. 14 

3 

3 
5 

= 

c:L. e 
11 

Sv-12 _.,___ 
20 

c. {Real.s} 

2 1 1 
= + 

3x 2 

c. {4/9} 

'Ill2 solution set of S - 3x < 17 is; 

a. b:lx < -4} b . {){lx > -4} 

d. {xlx -22} <- e. no:1e of ti:jese 
3 

c. 0 -/2 i 

e . none of t'lesz 

ie · <:> . 

d. {0} e. non2 of these 

is· , 

d. {16/3} e. none of thes-2 

c. {xlx > -22} 
3 



122 

31. 'Ihe solution set of j2x - 3j = 9 ~s : 

a. {G} c. {-3; 6} d. {3 ,. -6} e. none of the: 

32. The solution sc·t of I xi > 4 is: 

a. {xjx > 4} b. {xjx >4andx < -4} c. {xjx > 4 or x < -4} 

d. {xj-4 <X < 4} 

33. Giva'1 s = a + nd,. 

a. n = s - a - d 

d. n = s -
a+n 

solve 

e. none of these 

for n: 

b. n = s - a 
-d-

e . no..'1G of tl1.::se 

34: . Th;;: solution set of 2x2 = 72 is : 

a. {6, -6} b. {6} 

d. {6/2, -6 /2} e. none of tl1~se 

35. Th~ solution set of 3x(x- 5) {4x + 1) = 0 is: 

36. 

a. {3, 5, -1/4} 

d. {0, -5, 1/4} 

b. {5' -l/4} 

e. none of these 

'1 
'I'he solution set of x"" - Bx + 12 = 0 is : 

a. {-6, -2} b. {6,. -2} 

d. { -6, 2} e . na11.e of these 

c. n = s + a 
cr-

c. {12, -12} 

c. {0, 5, -1/4} 

c. {-8, 12} 

37. 'lhe te:r=.-t to be placed in t:l1e blan!: in "x
2 + 5x + 

square!! is: 

a. 25 b. 5 

4 

c. 25 
4 

d. 5 
2 

e . none of ti"lesc 

38. Th~ solutior. set of x2 = 5 - 3x is: 

r' -} a. ~ 3 ± j29 
\. 2 

d. {13, -16} e. ncne of these 
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39. If, for a giver. qucdr3tic squatio.1, b2 - 4ac > 0 the.."'l the equation: 

a. must have 'b:·JO rational roots 

b. must haVE:: 't'.vo inaginary roots 

c. rncy hc:.ve: one root 0f mu1 tiplici ty UA'O 

d. Ir'u.lst imve t,..c unequal , real roots 

~. ~ of these 

40 • The sol::ttion set of 2 + --/ 2x = 11 is : 

a. {~1} 

41. Given A = {1 ,2} and B = 

a. {1 ~2 ,3 ,4 ,6 ,8} 

b. { (1,2), (l ,4) r (1 ,6) 1 

c. { (2 ,1) t (2 ,2) ; ( 4 ,1) , 

d. { (1,2), (1 1L}) 1 (1 ,6) , 

e. none of t.'"lese 

42. If f{x) = . 2x3 - 4x2 + 2, 

a. -30 b. 2 

e. nom~ of t.'12sc 

c.{l69 l 
2 .( 

j 

e. n911e of these 

{2 ,4 ,6 ,8}, t.'"lc cartesian product A X B is : 

(1 ,8) , (2 ,2) , (2 ~4) , (2 ,6) 1 (2 ,a) } 

(4,2), ( 6 ,1) , (6 ,2) : (8 ,1) ; (8 ,2)} 

(1 ,8) } 

firld f { -2) • 

c. 6 
3 "\ 

d. -8x + 8x"" -4 

43 . 'l'ha slop3 of the lin~ wi. tn. E:qUation 6x - 5y + 2 = 0 is : 

a. 6 b. 6 
5 

c. -6 d. -6 
5 

e • I10I'l2 of these 

44. Pn equ;'l.tion of the line through (4 ,-2) that is parallel to the grap."l of 

3x + 2y - 4 = 0 is ~ 

a. 
y= 

"\ 

~- 14 
3 3 . 

d. y =-~X+ 1 
2 

b. y = - ~X+ 2 
2 

e • none of tl1esc 

C. y =- . ~X+ 4 
2 
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45. What is the distance be~en the point::; (5 ,2) and ( -2 ,6) ? 

a.J73 
d.f6s 

b. 11 

e. none of these 

c . ..JIT 

4{). Wnat is t1e rang~ of the rE:::lation {(-2,5), (3,5), (7,5), (8,5)}? 

a • {.n;;als} b. {5} c, {-2 ,3 ,7 ,8} 

d. {5, -2, 3, 7, 8} e. none of t.:1ese 

47. r..allcl1 of the follo.'li."lg does not defi."'"l-3 a function? 

a. { (1 ,3) , (2 ,-1) , {4 ,6)} 

b. {(x,y}jy = x2} 

c. {(x,y) lx = -3} 

d. :::Y 
) 

X 

e. non,:; of these 

4 8. 'Ih.; darui.n of the r.::1:1tion de fired by y = .;-;;-::;· is: 

a. {xjx ~ 4} 

d. {xlx ~ 0} 

b. {xlx~ 4} c. {x I 0 ~ x ~ 4} 

e. none of these 

49. y varies dir-:;ct1y 35 x, an2 y = 16 when x = 12. FL1C. y ,.nen x = 21. 

a. 28 b. 63 c. 7 d. 14 e. nona of these -
4 

50. 'Ih~:: equation 4x2 + 4:/ = 100 has a grap:-t whic'-1 is : 

b. a hyperbo1~ c. an ellipse 

d. a circle e. no112 of these 



APPENDIX C 

Appendix C contains lists of the behavioral objectives 

that were distributed to the students in the classes taught 

by methods LOR and LOS . A list is included for each of 

the six units of the course Intermediate Algebra (Mathe

matics 131). 
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MATHEMATICS 131 OBJECTIVES FOR UNIT I 

Parts of Ch. 1 and All of Ch. 2 

1. Given a set: 

a. Describe the set by listing its elements. 
b. Describe the set by a rule. 
c. Determine whether the set is finite or infinite. 
d. Determine if a given object is an element of the set. 
e. List the subsets of the set, if the set is finite. 
(1.1: 1-28, 45-52)a 

2. Given two sets: 

a. Determine whether they are equal or unequal sets. 
b. Determine whether one is a subset of the other. 
c. Determine whether one is a proper subset of the other. 
(1.1: 35-44, 49-56) 

3. Given a letter representing the elements of a specified 
set, determine whether the letter is a constant or a 
variable. 
(1.1: 29-34) 

4. Given a number, determine to which of the following sets 
-it be longs: 
N, W, J, Q, R. 
(1.1: 15-20, 41-48) 

5. Given a statement about real numbers determine which spe
cific law of the following axioms or theorems justifies 
the statement: 

a. The 
b. The 
c. The 
d. The 
e. The 
f. The 
(1. 3: 

Axioms of Equality. 
Field Axioms. 
Addition and Multiplication Laws of Equality. 
Cancellation Laws of Addition and Multiplication. 
Zero-Factor Law. 
Double Negative Law. 
1-8; 1.4: 1-28) 

6. Given a set and an operation determine whether the set 1s 
closed under the operation . 
(1.4: 45-48; 1.6: 70) 

7. Given any difference of real numbers, express it as a sum. 
(1.5: 1-8) 

8. Given any mathematical expression involving only sums and/ 
or differences of real numbers, write it in simplest 
form (i.e. find the basic numeral). 
(1.5: 9-44) 

aThe numbers in the parentheses are the exercises of a given 
section that apply to the listed objective. 
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9. Given a quotient of two real numbers, express it as a 
product, and given any product of two real numbers, re
write it as a quotient. 
(1. 6: 29- 52) 

10. Given any mathematical expression involving only products 
and/or quotients of real numbers, write it in simplest 
form (i.e. find the basic numeral). 
(1.6: 1-28, 69) 

11. Given a natural number, determine whether it is prime or 
composite. 
(1.6: 53-68) 

12. Given an integer, write it in completely factored form. 
(1.6: 53-68) 

13. Given any mathematical expression involving the operations 
of addition, subtraction, multiplication, and division 
of real numbers, apply the order of operations rule to 
simplify the expression (i.e. find the basic numeral). 
(1.7: 1-32) 

14. Given a rational expression with numbers or variables 
used as a factor more than once: 

a. Write it using exponents. 
b. Write it without using exponents. 
(2.1: 1-24) 

15. Given .a rational expression: 

a. Determine the number of its terms. 
b. Determine whether it is a polynomial. 
(2.1: 31-36) 

16. Given a polynomial: 

a. Determine whether it is a monomial, binomial, trinomial, 
or neither. 

b. Determine its degree. 
c. Determine its value at given values of its variable(s). 
(_2 . 1 : 2 5 - 3 0 ' 4 9 - 7 9) 

17. Given a rational expression involving natural number 
powers of real numbers, simplify it (i.e. find the basic 
numeral). 
(2.1: 37-48) 

18. Given a rational expression involving sums and/or dif
ferences of polynomials, write it in simple form. 
(2.2: 1-34, 43-54). 

19. Given a sum or difference of polynomials, evaluate this 
sum or difference at given values of the variable(s). 
(2.2: 35-42) 
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20. Given a product of polynomials in the same variables, 
write this product as a polynomial in simple form. 
(2.3: 1-60) 

21. Given a product of polynomials that also involves nega
tion of a polynomial, write this product as a polynomial 
in simple form. 
(2.3: 53-70) 

22. Given a quotient of polynomials in the same variable(s), 
apply the Second Law of Exponents for Natural Numbers to 
divide. 
(2.3: 71-90) 

23 . Given a polynomial with a common monomial in each term, 
factor out the common monomial . 
(2.4: 1-12, 19-40) 

24 . Given a polynomial with a common binomial 1n each term, 
factor out the common binomial. 
(2.4: 13-18) 

25. Given one of the following polynomials, factor it completely. 

a. A trinomial factorable into two binomials. 
b. A difference of squares. 
(2.5: 1-66) 

26. Given one of the following polynomials, factor it completely. 

a. A four-term polynomial, factorable by grouping. 
b. A sum of cubes. 
c. A difference of cubes. 
(2.6: 1-36) 
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MATHEMATICS 131 OBJECTIVES FOR UNIT II 

Chapter 3, Excluding Section 3 

In these objectives the word "fraction" refers to a quotient 
of polynomials and the words "in lowest terms" mean "in 
simplest form". 

1. Given any fraction, specify the real values of the vari
ables for which the fraction is undefined. 
(3.1: 1-28; Also involved in all other sections.) 

2. Given a fraction with one or more negative signs, write 
the fraction in standard form. 
(3.1: 1-16) 

3. Given a fraction, write an equivalent fraction whose de
nominator is the additive inverse of the original denomi
nator. 
(3.1: 17-28) 

4. Given a fraction whose numerator and denominator have a 
common polynomial factor, reduce the fraction to lowest 
terms. 
(3.2: 1-32) 

5. Given any quotient of polynomials such that the degree of 
the denominator is less than or equal to the degree of 
the numerator, write the quotient in the form Q(x) or 
Q(x) + r using long division if necessary. 

DTxT 
(3.2: 33-44) 

6. Given a fraction, use the Fundamental Principle of Frac
tions to write an equivalent fraction with a specified 
denominator. 
(3.4: 1-34) 

7. Given two or more polynomials, find their least common 
multiple. 
(3.5: 1-24) 

8. Given two or more fractions: 

a. Determine their least common denominator. 
b. Add the fractions and reduce the result to lowest terms. 
c. Subtract any two of the fractions and reduce the re

sult to lowest terms. 
(3.5: 25-62) 

9. Given two or more fractions, write their product as a 
single fraction in lowest terms. 
(3.6: 1-24) 
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10. Given two fractions, write their quotient as a single 
fraction in lowest terms. 
(3.6: 25-44) 

11. Given a complex fraction, write an equivalent single 
fraction in lowest terms. 
(3.7: 1-40) 
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MATHEMATICS 131 OBJECTIVES FOR UNIT III 

Chapter 4, Sections 1, 2, 4 - 7 and Parts of Chapter 1 

In these objectives, a, b ~ R, m, n E N. 

1. Given a product or quotient involving natural number 
exponents, apply the following Laws of Exponents to 
write the expression in simplest form. 

m 
a. a 

m 
b. a 

an 

c. (am)n 

d (ab) n 

n m + n a = a 

m - n = a m 

1 = m n a - m 

= amn 

= anbn. 
n 

(a)n _ a b ..J. 
e. o - bn ' r 0. 

(4.1: 1-48) 

> n, a f 0. 

< n, a t- 0 . 

2. Given a product or quotient involving integral exponents, 
apply the following properties to write the expression in 
simplest form. 

0 
a. a = 1, at- 0. 

-n 1 
b. a - --

a 

1 n = a , a t- 0. -n 

c. The Laws of Exponents extended to Integers. 
Objective 1, a- e). 

(4.2: 1-12, 17-34, 47-54) 

(i.e. 

3. Given an exponential expression involving sums or differ
ences apply the following properties to write the expres
sion in simplest form. 

a - c. Use a - c of objective 2. 

(4.2: 13-16, 35-46) 

4. Given any relation, write it: 

a. As an inequality without negation bars. 
b. As an inequality with negation bars. 
(1.3: 11-22, 35-44) 
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5. Given two or more real numbers, order them with an appro
priate inequality. 
(1.3: 11-34; 4.4: 69; 4.5: 67-74) 

6. Given any expression involving absolute value, write an 
equivalent expression without absolute value notation. 
(1.4: 29-44) 

7. Given a product or quotient involving rational exponents, 
apply the following properties to write the expression 
in simplest form. 

m 1 1 1 

a. an = (an)m = (am)n , where an is defined. 

1 m -
b. Ia! n , where m, n are both even. 

-m 1 
m c. a 1 = , where a f 0 and an is defined. 

m 
an 

d. The Laws of Exponents extended to Rational Numbers. 
(i.e. Objective 1, a - e) 

(4.4: 1-38, 53-68) 

8. Given an expression involvin g rational exponents, factor 
the expression in a specified way. 
(4.4: 39-52) 

9. Given an expression involving rational exponents, write 
the expression in radical form. 
(4.5: 1-20) 

10. Given an expression involving radicals, write the expres
sidn with positive rational exponents. 
(4.5: 21-40) 

11. Given an expression involving radicals, simplify using 
the appropriate property. 

a. nr;_n = a, n odd. 

b. n ;;:n = 
Ia! ' n even. 

( 4. 5: 41-66) 
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12. Given any product or quotient involving radicals, apply 
the following Laws of Radicals to write the expression 
in simplest form. 

a. n/ab = /a /t , a, b > 0. 

b. If= , a, b > 0. 

c. en 

/aCm = 
n;;m-

, a, b > 0. 

(4.6: 1-56, 61-72) -

13. Given any quotient whose denominator (or nuerator) has a 
radical factor, rationalize the denominator (or numerator). 
(4.6: 37-60) 

14. Given radicals of different order, find their product or 
quotient in simplest form. 
(4.6: 73-80) 

15. Given any expression involving sums or differences of 
radicals, write the express1on in simplest form . 
(4.7: 1-36, 49-56, 69-78) 

16. Given an expression involving radicals, factor the expres
sion in a specified way. 
(4.7: 37-48) 

17. Given any quotient whose denominator (or numerator) in
volves a sum or difference of radicals: 

a. Determine the (irrational) conjugate of the denomina
tor (or numerator). 

b. Rationalize the denominator (or numerator). 
(4.7: 57-68, 79 - 84) 
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MATHEMATICS 131 OBJECTIVES FOR UNIT IV 

Chapter 5, Sections 1-7, and Parts of Chapter 1 

These objectives concern equations and inequalities of the 
first degree in one variable. 

1. Given two sets: 

a. Determine their intersection. 
b. Determine their union. 
c. Determine whether or not the sets are disjoint. 
(1.2: 1-22, 33-40) 

2. Given a statement about sets, determine the conditions 
under which it is true. 
(1.2: 23-33, 41, 42) 

3. Given any two subsets of the integers: 

a. Graph each set on the real number line. 
b. Graph their intersection on the real number line. 
c. Graph their union on the real number line. 
(1.3: 45-50) 

4. Given any two subsets of the Real Numbers: 

a - c. Use a - c of Objective 3. 
(1.3: 51-66; 5.5: 25 -3 2) 

5. Given an equation: 

a. Determine if a specified number is a solution. 
b. Specify any restrictions on the variable. 
c. Find the solution set of the equation. 
d. Determine if the equation is an identity. 
(5.1: 1-36; 5.2: 1-40; 5.3: 1-30) 

6. Given an equation involving more than one variable, solve 
the equation for a specified variable. 
(5.4: 1-48) 

7. Given an inequality: 

a. Find the solution set of the inequality. 
b. Graph the solution set on the real number line. 
(5.5: 1-24) 

8. Given a word problem: 

a. Represent the quantities involved in terms of one 
variable. 

b. Write an equation that expresses the relationships 1n 
the problem. 

c. Solve the equation. 
d. Give the solution(s) to the original problem. 
(5.6: 1-24) 
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9. Given an equation involving absolute value, find the 
solution set of the equation. 
(5.7: 1-18) 

10. Given an inequality involving absolute value : 

a. Find the solution set of the inequality. 
b: Graph the solution set on the real number line. 
(5.7: 19-32) 
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MATHEMATICS 131 OBJECTIVES FOR UNIT V 

Chapter 4, Sections 8, 9 and Chapter 6, Sections 1-7 

1. Given any complex number, express it in the form a + bi. 
(Throughout these objectives the form a + bi will be 
referred to as standard form.) 
(4.8: 1-18) 

2. Given two complex numbers: 

a. Find their sum and express it in standard form. 
b. Find their difference and express it in standard form. 
(4.8: 19-36) 

3. Given two complex numbers, find their product and express 
it in standard form. 
(4.9: 1-20) 

4. Given any quotient of complex numbers: 

a. Find the complex conjugate of the denominator. 
b. Find the quotient and express it in standard form. 
(4.9: 21-32) 

5. Given any integral power of i, express it 1n simplest 
form ; that i t , a s 1 , - 1 , 1 or - i . 
(4.9: 33-35) 

6. Given a quadratic equation solvable by factoring, find 
its solution set. 
(6.1: 1-50, 63) 

7. Write a quadratic equation in standard form with integral 
coefficients having a given solution set. 
(6.1: 51-62) 

8. Given a quadratic equation readily solvable by extraction 
of roots, find the solution set. 
(6.2: 1-28) 

9. Given a quadratic equation, solve by completing the square. 
(6.2: 29-52) 

10. Given an equation in x andy of second degree, complete 
the square where needed to write the equation in one of 
the forms: 

a. (x - h) 2 
+ (y - k) 

2 2 = r 

? 
b. y = (x - a)- + b. 
(6.2: 53-64) 



137 

11. Given a quadratic equation: 

a. Apply the quadratic formula to find the solution set. 
b. Find the discriminant and describe the nature of the 

roots. 
c. Find the sum and product of the roots. 
(6.3: 1-50) 

12. Given a word problem representable by a quadratic equation: 

a. Represent the quantities involved in terms of one 
variable. 

b. Write an equation that expresses the relationships in 
the problem. 

c. Solve the equation. 
d. Give the solution(s) to the original problem. 
(6.4: 1-20) 

13. Given an equation containing one or more variables, find its 
solution set or solve for a specified variable. 
(6. 5: 1-26) 

14. Given an equation having quadratic form, i.e. quadratic 
in some algebraic expression, find the solution set. 
(6. 6: 1-12) 

15. Given an inequality of one of the following types, jind 
the solution set and graph it on the real number line: 

a. A quadratic inequality. 
b. An inequality of degree 3. 
c. A fractional inequality . 
(6.7: 1-18) 
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MATHEMATICS 131 OBJECTIVES FOR UNIT VI 

Chapter 7 

1. Given an equation in two variables and a value for one 
variable, find the value of the second variable. 
(7.1: 1-12) 

2. Given an equation in x andy, solve for y in terms of x. 
(7.1: 13-22) 

3. Given a set of ordered pairs specified by a list or an 
equation, graph the set in R x R. 
(7.2: 1-8, 15-46) 

4 . Given a linear equation: 
a. Find the intercepts of the graph of the equation. 
b. Graph the line. 
(7 . 2: 21-38) 

5. Given an absolute value equation of the first degree, graph 
the equation in R x R. 
(7.2: 47-53) 

6. Given a relation in R x R: 

- a. Specify the domain of the relation. 

7. 

b. Specify the range of the relation. 
c. State whether or not the relation is a function . 
d. Graph the relation in R x R. 
(7.3: 1-14) 

Given a function f: 

a. Find f(c) where c lS any real number. 

b. Find f(x + h) - f(x) in the simplest 

( 7. 3: 15-32) 

form. 

8. Given a statement describing a relation between two vari
ables, write an equation relating the two variables. 
(7.3: 33-38) 

9. Given two points in R x R: 

a. Find the slope of the line conta1n1ng the two points . 
b. Find the distance between two points. 
c. Sketch the segment joining the two points. 
(7.4: 1-16) 

10. Given one or more geometric figures in R x R, determine 
and/or verify relationships about the figure. 
(7 . 4: 17-26) 
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11. Given information about a line, write the equation of the 
line in: 

a. Point-slope form. 
b. Slope-intercept form. 
c. Standard form. 
(7.5: 1-12, 25-28) 

12. Given an equation of a line: 

a. Give the slope of the line. 
b. Give the y-intercept of the line. 
c. Graph the line in R x R. 
(7.5: 13-24) 

13. Given a first degree relation described by one or more 
inequalities, graph the relation in R x R. 
(7.6: 1-26; 7.2: 9-14) 



APPENDIX D 

Appendix D contains a topical listing of the course 

content of Intermediate Algebra (Mathematics 131). Also 

included are the information sheets given to students to 

inform them of assignments, test schedules, and attendance 

and grading policies. 
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MATHE~~TICS 131 COURSE CONTENT 

TEXTBOOK: Wooton, W., & Drooyan, I. Intermediate algebra 
(3rd alternate edition) . Belmont, Calif.: 

Chapter 1 

1.1 

1.3 

1.4 

1.5 

1.6 

1.7 

Chapter 2 

2 . 1 

2. 2 

2. 3 

2.4 

2. 5 

2.6 

Chapter 3 

3.1 

3. 2 

3.4 

3.5 

Wadsworth Publishing Company, Inc., 1972. 

Unit I 

The set of real numbers 

Sets and symbolism 

Axioms of equality and order 

Some properties of the real numbers 

Sums and differences 

Products and quotients 

Order of operations 

Polynomials 
• 

Definitions 

Sums and differences 

Products and quotients 

Factoring nomomials from polynomials 

Factoring quadratic polynomials 

Factoring other polynomials 

Unit II 

Fractions 

Signs of fractions 

Changing fractions to lowest terms 

Building fractions 

Sums and differences 



3.6 

3. 7 

Chapter 

4 . 1 

4. 2 

4 . 4 

4. 5 

4.6 

4 . 7 

Chapter 

1.3 

1.4 

Chapter 

1.2 

1.3 

Chapter 

5.1 

5 . 2 

5.3 

5.4 

5.5 

5.6 

5. 7 

4 

1 

1 

5 
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Products and Quotients 

Complex frac t ions 

Unit III 

Exponents, roots, and radicals 

Positive integral exponents 

Zero and negative integral exponents 

Rational exponents 

Radicals 

Changing forms of radic a ls 

Expressions containing radicals 

Selected topics 

Inequality symbols 

Absolute value 

Unit IV 

Selected topics 

Operations on sets 

Graphing inequalities 

First degree equations and inequalities-
one variable 

Equations 

Conditional equations 

Identities 

Solving equations for specified symbols 

Inequalities 

Word problems 

Equations and inequalities involving abso
lute value 



Chapter 4 

4.8 

4.9 

Chapter 6 

6.1 

6.2 

6 .3 

6.4 

6.5 

6.6 

6. 7 

Chapter 7 

7 .1 

7 .2 

7. 3 

7.4 

7. 5 

7 .6 

14 3 

Unit V 

Selected topics 

Sums and differences of complex numbers 

Products and quotients of complex numbers 

Second degree equations and inequalities-
one variable 

Solution of quadratic equations by factoring 

Solutions of equations of the form x 2 

completing the square 

The quadratic formula 

Word problems 

Equations involving radicals 

Equations quadratic in form 

Quadratic inequalities 

Unit VI 

Functions and graphs I 

= a; 

Solution of an equation in two variables 

Graphs of ordered pairs 

Relations and func tions 

Distance and slope formulas 

Forms of linear equations 

Graphs of first-degree relations 
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ASSIGNMENT SHEET AND TEST SCHEDULE 

Math 131 Term II Clement and Espar za 

Weekday Meeting Course Schedule 
Wed. 1 Pretest 

Fri. 

Mon. 

Wed. 

Fri. 
Mon. 
Wed. 

Fai. 
Mon. 
Wed. 

Fri. 

Mon. 
Wed. 

Fri. 

Mon. 
Wed. 

Fri. 

Mon. 
Wed. 

Fri. 

Mon. 
Wed. 

Fri. 

Mon. 

Wed. 
Fri. 

Mon. 

Wed. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

1.1: Odd exercises 

1.3: Exer. 1-8; 1.4: 1-28, 45, 46, 47, 48 

1.5: Every other odd; 1.6: E.O.O.; 1.7: 
Odds 

2.1: Odds through 73; 2.2: Odds 
2.3: E.O.O.; 2.4: Odds 

2.5: Odds 

2.6: Odds 
R . a ev1ew 

Test 

3.1: 

3. 4: 

3. 6: 

4.1: 

4. 2: 

(Topics in Ch. 1; All of Ch. 2) 

Odds; 3.2: Odds 

Odds; 3.5: Odds 
Odds; 3.7: Odds through 33, 37 

Odds 

Odds 
Review 

Test (Ch. 3 except Section 3) 

Holiday 
1.3: 11-44 Odds; 1.4: 29-44 Odds 

4.4: Odds through 67; 4.5: Odds 

4.6: Odds 
4.7: Odds 
1.2: Odds; 1.3: 45-66 

Review 

Teacher Workday and Student Holiday 

Test (Ch. 4, Sections 1, 2, 4-7; Topics 
in Ch. 1) 

5.1: Odds; 5.2: Odds through 39 

5.3: Odds; 5.4: Odds through 47 

a . 
On rev1ew days, the LOS sections took s e lf-evaluation tests. 
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Weekday Meeting Course Schedule 

Fri. 27 5 . 5 : Odds; 5 . 6 : 1' 3' 5 

Mon. 28 5 . 6 : 7-18 Odds; 5 . 7 : Odds 

Wed. 29 Review 

Fri. 30 Test (Ch. 5. 
' 

Topics of Ch. 1) 

Mon. 31 4. 8: Odds through 35; 4 . 9 : Odds through 35 

Wed. 32 6 . 1 : Odds through 63; 6 . 2 : Odds through 27 

Fri. 33 6 . 2 : 29-63 Odds; 6. 3: Odds through 27 

Mon. 34 6 . 3 : 29-49 Odds; 6 . 4 : 1 ' 3' 5 ' 7 ' 11, 13 

Wed. 35 6. 5: Odds through 2 5 ; 6 . 6 : Odds 

Fri. 36 6. 7: Odds 

Mon. 37 Review 

Wed. 38 Test (Ch. 6 . 
' 

Sections 8 and 9 of Ch. 4) 

Fri. 39 7.1: Odds; 7 . 2 : Odds 

Mon . 40 7 . 3 : Odds 

Wed. 41 7 . 4 : Odds through 2 3; 7 . 5 : Odds through 27 

Fri. Holiday 

Mon. 42 7 . 6: Odds 

Wed. 43 Review 

Fri. 44 Test (Ch. 7) 

Exam 45 Final Exam 
Week 
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ATTENDANCE AND GRADING POLICIES 

Math 131 Term II Clement and Esp arz a 

The attendance policy will be as specified by the col
lege catalog. The student is allowed 9 absences before 
being administratively withdrawn. In extenuating circum
stances, the instructor will exercise personal judgment in 
applyin g this policy. 

Attendance is required on ALL test days. There will be 
no makeup tests after the date or-the test. If a student 
IOresees an absence, a test may be taken early by making 
arrangements with the instructor. Th e lowest test score 
of the six scheduled tests will be replaced by the final 
exam score if the latter score is higher. If a student 
misses a test, it will be this test grade that is replaced. 

There will be six tests with the l owest score to be 
replaced by the final exam grade. These 6 scores will be 
averaged to count 80 % of the total grade. The final ex am, 
which is required of all students, will count 20 %. 

The grading scale on all tests will be: 

90 - 100 A 

80 - 89 B 

70 - 79 c 

60 - 69 D 

Below 60 F 

I have read the attendance and grading policies for Math 

131 

Signature -----------------------------
Date 



APPENDIX E 

Appendix E includes a sample self-evaluation test, 

answer sheet, key to objectives used, and test key. These 

tests were used in classes taught by method LOS. A sample 

unit test, answer sheet, and key are also included. Unit 

tests were administered in all classes. 

147 
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SELF-EVALUATION TEST 

Math 131, Unit I Ch. 2 and Topics of Ch. 1 

DO NOT WRITE ON THIS TEST COPY 

1. List all the subsets of {a, b} . 

2. Under which of the operations +, x, -
{2, 4, 6, 8, ... } closed? 

is the set 

3. 3.010101 ... is a member of which of the following sets? 
N, W, J, Q, H, R. 

4 . Is {5} E {1 , 2, 3, 4, 5}? 

2 2 
5. How many terms does - 3(x + 1) + (2x + 3) have? 

6. Completely factor -4 2 . 

7 . Write 2 ( 5) as a product. -6-

8. Write -5t 4 without exponents. 

9. Identify as a monomial, trinomial or polynomial, and give 
4 3 2 the degree of 17x y z + 6x yz + 3 . 

10-16. Name theproperty of the real numbers (Axiom or 
Theorem) that justifies each statement. Variables 
represent real numbers. 

10. 7r + tr = (7 + t)r. 

11. (7 + t)r = (t + 7)r . 

12. If 7 + t = 7 + r, then t = r. 

13. If 7 + t = 6r and 6r = 8 , then 7 + t = 8. 

14. 7 + t is a real number. 

15. 3 + (-3) = 0. 

16. 3 + -(-3) = 3 + 3. 

17-21. Write the basic numeral for each of the following. 

( -6 ) (5) ( - 4) 
17. 3(-2) 
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18. -18 - (-3) + (-5) 

19. C.-6)
2 

+ -4
2 

-6 + -3 + 2( - 4) + 9•2 - 8 20 . 

(-2) (-1) 

21. P(Q(6)), where P(x) = x2 + 2 and Q(x) = x- 2. 

22-27. Write each as a polynomial in simple form. 

2 2. 

23. 

24 . 

25. 

Subtract 
2a - b. 

-7tu(St 3 

2n n z z 
n-1 y 2 

(n + 6)3 

6a 2 + 2b from the sum of 3a 2 - Sa + b and 

4 5\ - u ) 

26. w - (3w - [w 2 - 2w + 3] + 2w) - w 

27. (3x+8)(5x- 4) 

28-31. Factor completely. 

2 8. m2st - ms 2t 2 

29. w3t - 27z 3t 

30. 2 + y - 2x - xy 

31. 2s 2 + rs - lSr 2 
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SELF-EVALUATION TEST ANSWER SHEET 

Math 131, Unit I Ch. 2 and Topics of Ch. 1 

1. Name --------------------
2 . Section -----------------
3. Score -------------------
4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

2 0 . 

21. 

2 2 . 

2 3. 

24. 

2 5 . 

26. 

2 7. 

2 8 . 

29. 

30. 

31. 
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SELF-EVALUATION OBJECTIVE KEY TO TEST 

Math 131, Unit I Ch. 2 and Topics of Ch. 1 

Question Objective(s) 

1. 1a, e 

2 . 6 

3. 4 

4 . 1d, 2 

5. 15 

6. 12 

7. 9 

8 . 14 

9 . 16 

10. 5b 

11. Sb 

12. Sc 

13. Sa 

14. Sb 

1S. Sb 

16. Sf 

17. 10 

18. 7 ' 8 

19. 17 

20. 13 

21. 16c, 19 

2 2. 18 

2 3. 20, 21 

24 . 22 

2 s . 20 

26. 18 

2 7. 20 

28. 23 

2 9 . 23, 26c 
u:-

30. 26a 

31. 2S 
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SELF-EVALUATION TEST ANSWER KEY 

Math 131, Unit I Ch. 2 and Topics of Ch. 1 

1. {a}, {b} 
' 0' {a, b} 

2 . + X 

3. Q, R 

4. No, {5}S{l, 2 ' 3' 4 ' 5} 

5 . two 

6 . - 1 . 2 . 3 . 7 

7. 2~5) = 2(5)(i) 

4 8. -5t = -S·t·t·t·t 

9. Trinomial, degree 8 

10. Distributive Law of Multiplication over Addition 

11. Commutative Law of Addition 

12. Cancellation Law of Addition 

13. Transitive Law of Equality (also Substitution Law) 

14. Closure Law for Addition 

15. Additive Inverse Law 

16. Double Negative Law 

17. - 20 

18. -20, as -18 - ( - 3) + (- 5) = -18 + 3 + (-5) = -15 + (-5) 

19. 20, as (- 6) 2 + - ( 4 2) = 36 + ( -16) = 20 

2 0 . - 7 -6 + -3 + 2 (- 4) + 9 . 2 - 8 
4' as 

(-2) (-1) 

-6 + - 3 + -8 + 18 + - 8 - 7 = = 
4 4 



1S3 

21. 18' as Q(6) = 6 - 2 = 4 and P (Q ( 6)) = P(4) = 42 + 

2 2 . -3a 2 - 3a - 2b, as (3aa - Sa + b) + (2a - b) - (6a 

= 3aa Sa + b + 2a b 6a 2 - - -

n+1 n-1 24. y z , as 

= -3a 2 - 3a - 2b 

2n n y z 
n-1 y z 

= 2n- (n-1) n-1 y z 

2n-n+1 n-1 = y z 

= yn+ 1 zn- 1 , y f 0, z f 0 

2S. n 3 + 18n 2 + 108n + 216 

2 6. w2 - 7w + 3, as w - 2 (3w - [w - 2w + 3] + 2w) 

= w (3w 2 2 ~ W + W-.)+ 2w) 

= w 41- 2 
.)W + w - 2w + 3 - 2w - w 

= w2 - 7w + 3 

2 2 7. 1 Sx + 2 8x - 3 2 

2 8. mst(m-st) 

29. t(w - 3z) (w 2 + 3wz + 9z 2) 

30. (1 - x) ( 2 + y) 

31. (2s - Sr) (s + 3r) 

- w 

w 

2 = 18 

2 + 2b) 

2b 
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UNIT I TEST 

Math 131 Ch. 2 and Topics of Ch. 1 Form A 

DO NOT MARK ON THIS TEST COPY 

Answer on the answer sheet. 

I. Answer TRUE or FALSE. 

1. The set of even natural numbers less than 8,000,000 
is an infinite set. 

2 . .0 £ {1, 2, 3}. 

3. {n I n E J, n > -2} = {- 2, -1, 0, 1, 2, 3 ... } 

4. {2, 4, 6, 8, lO, ... }CN. 

5. 1.131313 ... is a rational number. 

6. {3} E: {1, 2, 3}. 

7. The set {0, 1, -1} 1s closed with respect to addition. 

8. -6 - (-3) = -16 + (-3) 

9. If m represents an element of the set of natural num
bers between 7 and 9, then m is a constant. 

3( 2) 2 
10. x ; is a two-termed rational expression. 

II. Multiple Choice. Write the l e tter o f your choice in the 
blank. 

11. Completely factor -48. 

a. -1·48 b. -1·4·12 

c. -4·12 d. - 1 . 2 . 2 . 2 . 2 . 3 

12. 2 ( 3) is not equal to: -4-

a. 2 (~) b. c.}) 3 

c. 2Ci)3C}) d. 2 C3) ci) 



I II. 

155 

13. -2x 2 is equal to: 

14. 

15. 

a. (-2x)(-2x) 
c. - (2x) (2x) 

The degree of 

a. 4 b. 3 

-2x4 + 6x 3 is: 

the 

c. 

b. -2·X·X 

d. (-2)(2x) 

polynomial 24x 3 y 

2 d. 1 e. 

+ 

7 

b. a trinomial 

7xy 2 + 8 is: 

a. a binomial 

c. a monomial d. not a polynomial 

16-22. Justify each statement with the one best property 
from the list. Write the letter of the property in 
the blank. 

16. If X + a = b, then (x + a) + (-a) = b + (-a) . 

17. 1 1 t- 0. w . - = - . w, w w w 

18. If 3z = 9w, then z = 3w. 

19. 2r + 2s = 2(r + s) . 

20. 2r + 2s = 2s + 2r. 

21. If w E R, then 3w E R. 

2 2 . If r = s + 2 ' then s + 2 = r. 

Determine the basic numeral for each of the following. 

23. (- 6 5) + (-8) 

24. -32 + (- 2) 3 

2 5. (-2)(-3)(4) 
-8 

26. -6 - (-2) + 4 - 6(3) - 2·0 

27. P(O) + Q(-2), where P(x) = x + 3 and Q(x) = x- 4 
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IV. Write each of the following as a polynomial 1n simple 
form. 

2 8. Subtract 2 6a from 2a 2 + a 2 a - -

29. -6b 2rn(2b 2 
+ 3m3) 

30. -8a 7b4 
a f 0 ' b f 0 

2a 3b ' 

3n 
31. X 

X f 0 Ti+7 ' 
X 

32. (n-3) 2 

33. (2r - 5) ( r + 3) 

34. (xn + 2) (xn - 2) 

35. (-3n + [n 2 (3n + 5n 2 -1)] 4) n - - -

v. Factor completely. 

36. 2 12wm 2 8w rn -

37 . 2 + 2a 15 a -

38. 18r 2 2lr 15 + -

39. w2k2 - 25k 2 

40. 27r 3 + 125t 3 

41. 2r + 6t + 3rt + 9t 2 
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UNIT I TEST 

Properties of the Real Numbers 
(For use with questions 16-22) 

A. Reflexive Law of Equality 

B. Symmetric Law of Equality 

C. Transitive Law of Equality 

D. Substitution Law of Equality 

E. Closure Law for Addition 

F. Closure Law for Multiplication 

G. Commutative Law for Addition 

H. Commutative Law for Multiplication 

I. Associative Law for Addition 

J. Associative Law for Multiplication 

K. Identity Element for Addition 

L. Identity Element for Multiplication 

M. Inverse Element for Addition 

N. Inverse Element for Multiplication 

0. Distributive Law for Multiplication over Addition 

P. Addition Law of Equaltiy 

Q. Multiplication Law of Equality 

R. Cancellation Law for Addition 

S. Cancellation Law for Multiplication 

T. Zero-Factor Law 

U. Double Negative Law 
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UNIT I TEST ANSWER SHEET 

Math 131 Ch. 2 and Topics of Ch. 1 

Name 

Form 

Section 

I. 1. I I I. 23. 

2. 24. 

3. 25. 

4. 26. 

5. 2 7. 

6. IV. 2 8. 

7. 29. 

8. 30. 

9. 31. 

10. 3 2. 

II. 11. 33. 

12. 34. 

13. 35. 

14. v. 36. 

15. 37. 

16. 38. 

17. 39. 

18. 40. 

19. 41. 

2 0. Point Count 

21. I 1 each 
I I, III 2 each 

2 2. IV, v 4 each 
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UNIT I TEST ANSWER KEY 

Math 131 Ch. 2 and Topics of Ch. 1 Form A 

I. 1. False 

2. True 

3. False 

4. True 

5. True 

6. False 

7. False 

8. False 

9. True 

10. False 

II. 11. d 

12 c 

13. b 

14. a 

15. a 

16. P Addition Law of Equality 

17. H Commutative Law for Multiplication 

18. S Cancellation Law for Multiplication 

19. 0 Distributive Law for Multiplication over Addition 

20. G Commutative Law for Addition 

21. F Closure Law for Multiplication 

22. B Symmetric Law of Equality 

III. 23. (-65) + (-8) = - (65 + 8) = -73 

24. -3 2 + (-2) 3 = -9 + (-8 ) = -17 
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25. (-2 )(-3) (4) = (6~~4) = ~ = -3 

2 6 . -6 - c- 2) + 4 - 6 ( 3) - 2·0 
6 - 2 

(-2) (-1) 

-6 + 2 + 4 - 18 - 0 -18 -9 = = -2- = 
2 

27. p ( 0) + Q(-2) where p (x) = X + 3 and Q(x) = 

2 8. 

p ( O) = 0 + 3 = 3 and Q C- 2) = 

Thus p ( 0) + Q c- 2) = 3 + (- 6) 

(2a 2 + a - 2) - (a2 - 6a) 

= 2a 2 + a - 2 - a 2 + 6a 

= a 2 + 7a - 2 

-2 -

= 
.., 

- .::>. 

29. -6b 2m(2b 2 + 3m3) = -12b 4m - 18b 2m4 

4 = -6 . 

30. -Sa~b4 
= -4a 7- 3b4- 1 = -4a4b 3 , a f 0, b f 0 

2a b 

x 3n _ 3n- (n+2) = 2n-2 
31. n+ 2 - X X , X f 0 

X 

32. (n 2)2 = (n 2) (n 2) = 2 2n 2n + - - - n - -
2 4n + 4 = n -

33. (2r - 5) (r + 3) = 2r 2 - 5r + 6r 15 2r 2 - = 

34. ( xn + 2) (x n 2) n+n Zxn 2xn 4 - = X + - - = 

35. (-3n + [n 2 (3n 5n 2 1)] 4 n - - + - -

(-3n 2 3n = n + n - 5n 2 1 4) - + -

+ 3n 2 + 3n Sn 2 1 + 4 = n - n + 

4n 2 + 7n + 3 = 

X - 4. 

4 

+ r - 15 

2n 4 X -
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36. Sw 2m 12wm 2 4wm ( 2w 3m) - = -

37. 2 + 2a 15 (a 3) (a + 5) a - = -

38. 18r 2 + 2lr -15 3(6r 2 
+ 7r 5) = -

= 3(3r + 5) ( 2r - 1) 

39. w2k2 - 25k 2 = k2(w2 - 2 5) 

2 
= k (w - 5) (w + 5) 

40. 27r 3 
+ 125t 3 

= (3r) 3 
+ (5t) 3 

(3r + 5t ) (9r 2 15rt + 2St 2) = -

41. 2r + 6t + 3rt + 9t 2 = 2(r + 3t) + 3t(r + 3t) 

= (2 + 3t) (r + 3t) 
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