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The problem of this experiment was to test and corn-

pare the effects of an audio-tutorial method and a tradi-

tional lecture method of instruction of Intermediate College 

Algebra at Broward Community College, and to determine how 

the commercially-prepared and teacher-made audio-tutorial 

materials should be revised or altered for the improvement 

of the instruction of Intermediate College Algebra. 

The null hypotheses were based on the assumption 

that if significant initial differences in intellectual 

aptitude as measured by the Otis Mental Abilities Test, 

Form Am, existed between the groups, these differences 

would be adjusted with an Otis covariate. 
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1. There is no significant difference in the 
mathematics achievement of the audio
tutorial and traditionally taught students. 

2. Differences between teachers did not sig
nificantly affect mathematics achievement. 

3. There is no significant difference in the 
mathematics achievement of male and female 
students. 

4. The interaction of teaching technique and 
teacher had no significant effect on the 
mathematics achievement. 

5. The interaction of sex of student and teach
ing technique had no significant effect on 
the mathematics achievement. 

6. There is no significant interaction between 
teacher and sex of the students for mathe
matics achievement. 

7. The interaction of sex of student, teacher, 
and treatment had no significant effect on 
the mathematics achievement. 

The sample studied consisted of 186 students ran-

domly selected from 805 (84 in the audio-tutorial sections, 

102 in the traditional sections) enrolled in Intermediate 

College Algebra in the Broward Community College during 

the first semester of the 1972-73 school year. The three 

traditional groups were taught by the lecture method of 

instruction, and the three experimental groups were taught 

by the audio-tutorial technique using specially adapted 

materials and procedures. 

Vl 



The Broward Community College Testing Department 

administered the tests. The Otis, Form Am, was administered 

to determine whether initial student differences existed 

between groups. Two equated forms, PRT and NRT, of the 

Florida Twelfth Grade Placement Test, Mathematics Section, 

were used respectively as the pre- and post-achievement 

test. The PRT and NRT have reliability coefficients re-

spectively of .905 and .909 and a correlation of .915. An 

attitude questionnaire was administered to the experimental 

groups to gather suggestions for improvement of materials 

and process used in the audio-tutorial approach. 

The statistical technique used to treat the data was 

analysis of variance. The factors consisted of treatment, 

sex of students, and teacher. The design utilized was a 

repeated measures with a three-way pre-post test analysis 

of variance. The mixed design contained one random and two 

fixed variables. The students progress was measured over 

time. A pre-test, Otis Am, was analyzed to determine if 

student difference existed between groups. A three-way 

analysis of variance with two fixed, one random variable 

design was used to investigate the Otis data. 

The Otis analysis revealed no significant differences, 

at the .05 level, between groups in mental ability. The 
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seven null hypotheses were tested, as a part of the overall 

analysis of the study. The interpretation of analysis re

sults lead to the rejection at the .05 level of the first 

hypothesis. (There is no significant difference in the 

mathematics achievement of the audio-tutorial and tradi-

tionally taught students.) The other hypotheses, two 

through seven, were accepted. 

As a result of the rejection of only the first 

hypothesis and an investigation of the linear trends of the 

pre- and post-test results it was concluded that the audio

tutorial instructional method was superior, under the de

fined parameters, to the traditional method. 

It was concluded from the results of the attitude 

questionnaire that the audio-tutorial instructional approach 

had a positive effect on the students' attitude toward the 

course. 
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CHAPTER I. 

INTRODUCTION 

The community college is presumed to be the evolved 

educational institution that articulates the community 

social structure and attempts to convert the disorderly 

youth, to entertain culturally the bored senior citizens, 

to provide parallel programs for the recent high school 

graduates, to counsel and prepare the dropouts, to assist 

young adults ready finally to pursue or to prepare for a 

career, to help middle-aged men and women seeking a re

tread due to lack of contentment in their present careers, 

and to give aid to anyone else that cannot be served by 

public educational institutions below or above the commu

nity college level. Thus, whatever the shortcomings of 

the university and secondary educational institutions, the 

community college must adjust in order to play the role as 

the "people-changing democratic educational institution" 

via which persons of all ages, race, sex, and under any 
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conditions can find their way into and discover how to 

remain within the mainstream of "American Life." 

With a student body that could possibly contain every 

person within a community, clearly, the "Old Ivy" campus 

concept will not serve such broad educational goals. The 

community college campuses of the seventies vary from a 

single campus to multi-campus or a scattered series of 

learning resource centers and in some cases no campus at 

all. The locations and types of buildings also vary rela

tive to the community. Very few are actually surrounded 

by a moat and sitting on a hill overlooking the community 

of the sea. Most are now being built on abandoned airports, 

garbage dumps, a reclaimed swamp, or 1n the parking lot of 

a failed chain restaurant. Many, instead of building, 

attempt to operate in old store fronts, in under-utilized 

public elementary or secondary schools, in churches, in 

rest homes, in condominium social centers, and in the 

county jails~ In other words, wherever the people are 

found is considered a prime place for some form of an edu-

cational experience. However, it is a tremendous task to 

convert the community into a pervasive responsive learning 

environment, and such trends indicate the need for new 
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instructional programs, both credit and non-credit, that 

are flexible enough to serve the community at large; those 

who can't read, add, subtract, multiply, or divide; those 

who lack study habits and skills; those whose early respon

sibilities have hampered ambition; and even those who are 

not motivated. 
-

Historically the community college instructor's role, 

in order to facilitate student learning, has been that of 

information-giving. Presently that role is changing due to 

technology. The information-giving function is being par

tially assumed by machine. The present community college 

instructor's role is that of an instructional leader and 

includes decision-making functions such as prescribing and 

providing appropriate learning sequences to enable the 

student to develop to his full potential, managing a multi

sensory learning environment, providing the appropriate 

learning activities, and guiding the student through the 

program in a manner that will develop a continuously 

active, self-directed learner. 

It is anticipated that community college programs 

for the future will involve students at all levels in 
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continuous, life-long progress plans or individually 

planned, competency-based educational programs that are 

not limited by location or rigid credit specifications. 

The open-door policy, decentralized service, and 

the knowledge explosion are among the basic factors that 

combine to present unique instructional problems that are 

requiring community college teachers to review the struc

ture of the curriculum relative to the institutional goals 

and to seek better ways of disseminating pertinent informa

tion to students with varied abilities and at decentralized 

locations. These factors have also made it necessary to 

intensify the research efforts on how people learn and by 

what instructional processes they should be taught. 

Instructional systems must be developed which are 

able through such devices as cable television, cassettes, 

and computers to reach more students with less instructional 

personnel and promote learning in a non-traditional class

room setting. Many articles have been written about team 

teaching, peer-produced materials, programmed texts, and 

interdisciplinary approaches. Implicit in all these 

instructional plans are the assumptions that a major part 

of the responsibility of learning should be assumed by 
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the learner, that the student is motivated, and that the 

school should be sensitive to the learner's varied needs. 

A vast amount of research has been done at lower 

levels in adapting instruction to meet individual needs 

within the traditional classroom setting. However, it 

could create many problems merely to apply the same 

instructional techniques to the community college popula

tion, even though the techniques have proven effective 

within the secondary parameters for the high school stu

dents. The differences in the populations are many. The 

typical secondary class contains students with about the 

same age and with similar short range goals, which is very 

different from the community college students as described 

1n the preceding pages. 

The audio-tutorial method--a multi-faceted, multi

sensory instructional approach--adopted for this study 

included the use of a book uniquely designed to correlate 

with audio tapes. The students read through a unit while 

listening to an explanation of the problems and theory. 

So that each student could periodically check his progress, 

each unit included study exercises. 



6 

The text, Intermediate Algebra, and tapes used in 

this experiment to teach Intermediate College Algebra were 

developed and used with a different classroom technique at 

Fullerton Junior College, Fullerton, California, by Joseph 

Newmyer, Jr. and Gus Klentos but, to date, have not been 

experimentally evaluated (67). 

Since the beginning in 1961 at Purdue University, 

the audio-tutorial teaching technique has been received 

with widespread approval. In general, students have indi-

cated that this technique greatly improved study h abits, 

resulting in a better understanding of subject matter with 

a commensurate higher achievement measurement (73). 

In the study of mathematics, most students are accus

tomed to the traditional lecture-textbook method where they 

read a certain section in the text, go to class for lecture 

on the material, and then are left to try to work the exer

cises. The frustrations created by this situation are many. 

Most students have difficulty reading a mathematics textbook. 

Once the classroom lecture is over, there is little oppor

tunity for further explanation; and finally, many students 

appear to have great difficulty doing their homework assign-

ments. 
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The audio-tutorial method of studying mathematics 

used in this study is an attempt to resolve these problems. 

In the audio-tutorial materials developed by Newmyer and 

Klentos (67), the lecture and other explanations were p ut 

on audio tape. The chalkboard illustrations were put in 

the text; therefore, each student had an accurate permanent 

record of material that prob ably would have been destroyed 

or lost in a traditional note-taking setting. Utilizing 

the audio-tutorial approach, as defined in this experiment, 

the students could proceed through the lecture at his own 

rate, reviewing any part of the lecture as needed. The 

audio-tutorial technique was designed to allow a student 

to learn at a rate optimal to his c onditions, ability, 

work, family, and health. Since learning is something that 

is done by people, not to people, the learning activities 

in this experiment included listening, v iewing, reading, 

writing, discussing, experimenting, and other "doing" edu-

cational experiences. None of the individual components 

of the instructional plan used in this study are novel. 

What is new and unique is the combination of elements into 

the overall system. Although this method would appear to 

be more effective than the traditional ones, such an assump-

tion should be tested. 
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Statement of the Problem 

The problem of this experiment was to test and com-

pare the effects of audio-tutorial method and a traditional 

lecture method of instruction of Intermediate College 

Algebra at Broward Community College, and to determine how 

the commercially-prepared and teacher-made audio-tutorial 

materials should be revised or altered for the improvement 

of the instruction of Intermediate College Algebra. More 

specifically, the study attempts to answer the following 

questions: 

I. Can a course in Intermediate College Algebra 
be developed utilizing the audio-tutorial 
method of teaching that will effectively aid 
learning for the community college student? 

II. How do the experiences with this audio
tutorial teaching technique affect the 
student's attitude toward the course? 

The null hypotheses were based on the assumption that 

if significant initial differences in intellectual aptitude 

as measured by the Otis Mental Abilities Test, Form Am, 

existed between the groups, these differences would be 

adjusted with an Otis covariate. 

1. There is no significant difference in the mathe
matics achievement of the audio-tutorial and 
traditionally taught students. 

2. Differences between teachers did not signifi

cantly affect mathematics achievement. 
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3. There is no significant difference in the mathe
matics achievement of male and female students. 

4 . The interaction of teaching technique and teacher 
had no significant effect on the mathematics 
achievement. 

5. The interaction of sex of student and teaching 
technique had no significant effect on the mathe
matics achievement. 

6. There is no significant interaction between 
teacher and sex of the students for mathematics 
achievement. 

7. The interaction of sex of student, teacher, and 
treatment had no significant effect on the mathe
matics achievement. 

Purpose, Method, and Type Analysis of the Study 

Purpose 

The purpose of this study is the i mprovement of 

instruction. A goal of this study was to gather pertinent 

data to aid in decisions relative to adopting instructional 

plans that would better meet the needs of the community 

coll e ge students while meeting the requirements of the con-

tents and objectives of the Intermediate College Algebra 

course. More specifically, the problem of this study was 

to determine whether an audio-tutorial instructional approach 

1s more effective than a traditional instructional approach 

on mathematics achievement with the community college student. 
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Method 

An experimental design was chosen to study six classes 

randomly selected from twenty-three sections. In the exper-

iment 186 students were randomly sampled from 805, (84 in 

the audio-tutorial sections, 102 in the traditional sections), 

enrolled in Intermediate College Algebra at Broward Commu

nity College during the first semester of the 1972-73 school 

year. The three traditional groups were taught b y the lec

ture method of instruction and the three experimental groups 

by the audio-tutorial technique using specifically prepared 

materials. 

Analysis 

The statistical technique used to treat the data was 

analysis of variance. The factors consisted of treatment, 

sex of students, and teacher. The design utilized was a 

repeated measure with a three-way, pre-post test analysis 

of variance. The mixed design coniained one random and two 

fixed variables. The students' progress was measured over 

time. A pre-test, Otis Am, was analyzed to determine if 

student difference existed between groups. A three-way 

analysis of variance with two fixed, one random variable 

design was used to investigate the Otis Data. 
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Definition of Terms 

In order to clarify the author's meanings of the 

terminology used in this study, the following definitions 

are made: 

Audio-tutorial: Multi-faceted, multi-sensory approach 

to instruction utilizing audio tapes for instruction 

1n a supervised, self-instructional learning center. 

Pre-test: A test (Florida Twelfth Grade Placement 

Test, Form PRT) given to the students in Intermediate 

College Algebra classes before any type of formal 

instruction has been given. 

Post-test: A test (Florida Twelfth Grade Placement 

Test, Form NRT) given to the students in Intermediate 

College Algebra at the completion of one semester of 

Algebra i nstruction. 

Intellectual aptitude test: A group test (Otis 

Mental Ability Test, Form Gamma AM) given to the 

Broward Community College students in Intermediate 

College Algebra in September, 1972. 
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Traditional approach: Technique of teaching mathe

matics with the teacher lecturing to the class with 

only occasional individual or group participation, 

perpetual content, demonstration, drill discussion, 

and little independent study. 

Sources of Data 

Data pertinent to this study was collected by admin

istering three tests and one attitude survey to each student 

in t he control and experimental groups. The Florida Twelfth 

Grade Placement Tests provide mathematical items which re

veal the degree of functional and reasoning ability, thus 

providing an aid in diagnosing a student's specific diffi

culty. The Florida Twelfth Grade Placement Test further 

provides ways to reveal whether or not the student has 

sufficient mastery of the fundamental algebraic processes 

( 92) • 

The attitude questionnaire was given to the students 

to determine their feelings about the instructional methods 

and materials used in the experiment. This questionnaire 

was administered at the end of the semester. 
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The Otis Mental Abil i ty Text was given at the begin

ning of the course for the purpose of assessing student 

differences between groups. 

Delimitations of the Study 

The scope of this investigation was confined to the 

Intermediate College Algebra course of Broward Community 

College, Fort Lauderdale, Florida, during the first semes

ter of the 1972-73 school year. The students involved in 

the study represent only six sections randomly selected 

from the twenty-thre e sections offere d. The students were 

randomly assigned to the control and experimen t al sections 

by a computer-scheduling service used by the college. 

Consequently, the results of this study refer only to this 

part·icular type of student and unit of study. 

The Intermediate College Algebra course covers one 

16-week semester with students meeting one hour per day, 

three days per week. 

The instructors--Tl, T2 , and T3--dev eloped and 

assembled the materials used by the students in the study. 

The textbook, Intermediate Algebra, Third Edition, Wooten 

and Drooyan (102) , to be used by the control group, was 

used as a guide in the selection of the b asic audio-tutorial 
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units (A) to be covered in the experimental Intermediate 

College Algebra classes. The supplementary materials were 

designed by the instructors to equate the subject matter 

to be taught i n the experimental and control groups. 

Each of the three i nstructors were randomly assigned 

to a control and an audio-tutorial section of this mathe

matics course. Each instructor attended his control and 

experimental class one hour, three days per week. The 

audio-tutorial students had access to the audio-tutorial 

laboratory during required class time as well as any time 

the lab was available during the resource center hours 

which were from 8:00 a.m. until 10:00 p.m. Audio-tutorial 

instruction has been characterized by supervision over the 

students as they study. However, in this experiment the 

instructors were not always available when the students 

came into the audio-tutorial laboratory due to other teach

ing responsibilities. A work-study student served as a 

monitor over the laboratory, with the function of control

l i ng the materials when the instructors are not available. 

The tests (Florida Twelfth Grade Placement Tests, 

Forms PRT and NRT) have coefficients of reliability of .905 

and .909, respectively, and a correlation of .915 for the 
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mathematics portions. The items on which validity ulti

mately depends have been selected to measure many of the 

universal subject matter objectives. All of the items 

included in the present editions have proven to be highly 

acceptable by modern standards. A critical review of the 

tests items was made by curriculum experts, research spe

cialists, college professors, teachers, and state depart

ment of education personnel to obtain the best results (92). 

After sampling, the dimensions of this study were 

restricted to the enrollments of six sections of Inter-

mediate College Algebra in the first semester of the 1972-

73 school year. There were 186 students enrolled in these 

classes randomly chosen from 805. Eighty-four students were 

in the audio-tutorial classes and 102 in the control group. 

The sample included 108 males and 78 females. 

Organization of the Study 

The material for this study has been divided into five 

chapters. The first chapter includes an introduction and 

rationale, the statement of the problem, purpose of the 

study, method, type analysis, definition of terms, sources 

of data, delimitations of the study, and organization of 
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the study. The second chapter contains a summarization 

and analysis of related literature and research. 

The methodology, treatment, and procedures for the 

study are discussed 1n the third chapter. The fourth 

chapter consists of a review of the findings of the data 

collected during the study. The final chapter of this 

study is devoted to a summary of the findings, conclu

sions, and recommendations for furthe r study. 



CHAPTER II. 

REVIEW OF THE LITERATURE 

Introduction 

Since it is commonly agreed that the quality of 

instruction is the single most important factor ln the 

successful pursuit of educational goals and the purpose of 

this study is improvement of mathematics instruction at the 

community college level, the review is organized in the 

following way. This chapter cites literature and research 

pertinent to the problem being investigated, an audio

tutorial method of instruction versus a traditional method 

of instruction. In the literature related to this study, 

five general categories appear relevant: (l) existing 

remedial programs; (2) the community college, technology, 

and innovation in education; (3) the learning theory base; 

(4) the history of audio-tutorial instruction; and (5) a 

review of the research and ongoing audio-tutorial projects. 

Therefore, such a partition has been made in the review. 

17 
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Existing Remedial Programs 

In the past twenty-five years, the community/ junior 

college has undergone tremendous expansion. The number of 

institutions now exceeds 1,000 and these serve a total of 

2.5 million students. Projections for future growth sug

gest a 15 percent annual expansion, creating a predicted 

enrollment at over 5 million by 1975 (28) . 

Contributing to, and accompanying this growth, 1s the 

trend toward "open-door" admissions policies of the major

ity of the community colleges. Eight years ago, a nation

wide survey found that 91 percent of the nation's community/ 

junior colleges admit all high school graduates and persons 

over eighteen who "can profit by instruction." This means 

that, in most cases, the college is confronted with the 

task of formulating a workable program for students with 

widely divergent academic skills and abilities. This 

"democracy" in admissions policies has resulted in a larger 

proportion of full-time student bodies being students of 

low ability (86, p. 22) . 

These low ability, "high risk" students enter college 

with the e xpectation of success, because the "open-door" 

policy of admissions, either by tacit suggestions or by 
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implication, promises them that their educational goals 

are obtainable and within their limits of educational 

ability or that special programs exist which will prepare 

them for regular courses of study. 

Apparently neither promise nor implication has been 

adequately kept, for a recent survey (non-comprehensive) 

shows that 75 percent of the low achievers withdraw from 

college their first year despite the implementation of 

remedial courses (86, p.26). 

A study made by Goodwin 1n 1971 shows that over half 

the community colleges require low achievers to enroll in 

at least one remedial course, most generally in English, 

r e ading, and/or math (37). 

Statistics imply that where such remedial courses 

are available, the enrollment is extremely high. In 

Denver, L. J. Yuthas (103) reported a very serious problem 

concerning the city's hiring enough community college 

instructors to teach the staggering number of non-credit 

remedial courses required. 

A report by Bassone (9) on California coll eges indi

cates that in a typical community college, 80 percent of 

the entering freshmen were enrolled in remedial English. 
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All this effort in community college remedial educa-

tion has been based on the assumption that remedial programs 

will prepare the low achiever to participate successfully 

in a regular course of study, and that such programs should 

achieve a lower number of dropouts. There is little evl-

dence that the currently existing programs have been, or 

are being, evaluated. A report by Roueche and Hurlburt (83) 

says: 

Community/junior colleges report little research 
regarding the success or failure of low achieving 
students who are forced to enroll in remedial 
programs. With little or no encouragement to 
investigate the problems of the low achiever, 
these institutions have tended to implement 
courses and programs ln a trial and error fashion, 
hoping that students will succeed, but having 
little evidence that they will. 

The weakness of the traditional remedial program seems 

to lie, not i n the intended purpose of the program, but in 

the implementation of the program. The criterion for re-

quired enrollment in most remedial mathematics programs is 

that the student has scored below a predetermined level or 

percentile, and the testing fails to distinguish between 

the types of under-achievement (37). 

The average remedial mathematics program does not 

distinguish between the student with limited intellectual 
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capacity who will always, under any circumstances, be a 

low achiever comparatively and the student of average or 

above average intelligence who has failed to develop ade-

quate study or academic skills. The latter will generally 

profit from the existing remedial programs, while the for-

mer student will show little or no significant gains. 

Thus, since all community college students, individuals 

with unique problems, are being given essentially the same 

courses of study, the remedial course often becomes another 

exercise in frustration and failure for the student of 

limited mental ability (31, p. 41). 

The increasing necessity for more and more remedial 

courses makes it increasingly clear that accountability in 

curricula will require an alternation in the typical reme-

dial program. As Rouche and Hurlburt (83, p. 456) point 

out: 

. evaluation of the remedial program is 
essential, if for no other reason that the 
knowledge that current efforts with the low 
achiever are ineffective . . it can no longer 
be assumed that remedial courses "remedy" student 
deficiencies. Rather, it becomes increasingly 
clear that the two year colleges are going to 
have to accept the challenge of demonstrated 
student learning as the one criterion for the 
success of any program for the low achiever. 
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There are many unproven, but generally accepted rea

sons voiced, concerning the failure of the traditional 

remedial community college mathematics courses to produce 

the desired behavior changes in the low-achieving and low

ability mathematics student. Perhaps the most documented 

reason for failure is the low reading ability of the under-

achiever. If this reading factor had been considered, 

mathemat ics educators might have guessed in advance that 

a purely "programmed text method" of instruction would not 

effect the student attainment of the desired learning 

objectives. 

A study made by Terry Cline (21, pp. 33-37) suggests 

that the regular courses of study at many colleges are not 

only an impossibility for the student who has come from a 

remedial course, but a nearly impossible task for 50 per

cent of those students initially adjudged to be capable 

of regular course work. His report suggests that the 

problem lies with the textbook selection without regard 

for the reading ability of the average community college 

student. He cites a report made by Creamer in 1968 (24) 

on the reading level of the 750 full-time students in a 

Missouri college. Their reading level was found to be at 
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the eighth grade level when the overall average was figured. 

The textbooks the students were required to use were found 

to be written on an average of between the fourteenth and 

sixteenth grade level (Dale-Chall Readability Formula). 

Cline cites another report which was compiled by 

Barmuth concerning the disparity between the reading levels 

of the students and the written levels of the textbooks 

(7, pp. 69-132). This college is composed of a student 

body considered to be above average in ability level. This 

report shows the average entering freshman to be reading 

at a 12.6 grade level. By the use of the Nelson-Denny 

grade equivalent formula for the students and the Dale-Chall 

Readability Formula for evaluating the level of the text

books, they found that 11 of the 17 textbooks were above 

the reading level of 37 percent of the class, and that 7 

textbooks were above the reading level of 75 percent of the 

class. Overall, the study showed 52 percent of all students 

in all classes to be reading below the grade level placement 

of their textbooks. Thus, if even one-half the average 

students in an average course are defeated by their texts, 

they have become, in effect, academically crippled, and 

potential dropouts. 
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A report by Howard Evans and Eugene DuBois (31, p. 40) 

seems to support the contention of Roueche and Hurlburt, in 

that they cite statistics which indicate the following 

findings: 

. A study of California public junior colleges 
shows that while 80 percent of the entering fresh
men were enrolled in remedial courses in English, 
only 20 percent matriculated from regular English 
courses. Forty to sixty percent of those enrolled 
in remedial courses received a failing grade. 

Such statistics can hardly lead one to conclude that 

the traditional remedial courses with assumed reading effi-

ciency are the ultimate answer for coping with the problems 

of the underachiever and the low ability student in the 

community colleges. The unique coordination of the audio 

tapes with the programmed text in this experiment is an 

attempt to overcome the reading problem and thus enable 

the underachiever and the low ability student to attain 

their mathematical goals. 

The Community College, Technology, 
and Innovation in Education 

It is commonly held that the quality of i nstruction 

is the most important factor in the success of the commu-

nity college's attempt to meet the educational needs of 

the community. 
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The vast amount of literature that has been produced 

in the last few years reflects the need for the utilization 

of technology in education. The recent materials indicate 

the need for the use of these technological advances for 

creating new learning environments and techniques. As 

stated by De Barnardis (26, p. 439), the use of educational 

technology is essential for the survival of the educational 

system: 

Modern society depends upon an effective and 
efficient educational system for survival. 
Education must make extensive use of the new 
technology if it i s to keep pace with the fast 
moving world. Education will have to be con
cerned with developing human beings who can 
live effectively in the space age. The 
teacher will have to move out of the tradi
tional role of dispenser of information and 
be the professional manager in char ge of the 
learning environment. Through the use of the 
new educational technology, the learner can be 
released to move ahead at his own learning 
pace. He will have access to data and human 
resources heretofore never available. The 
teacher will now have the time to develop the 
dialogue with students. Perhaps with all the 
"hardware" and "software" teachers can use 
their talents in helping the student to learn 
to live with himself as well as with other 
people. 

The differences among students require careful con-

sideration if the learning activities are to be effective. 

With the aid of technology, community colleges are striving 
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to provide instruction that is effectively geared to the 

individual, to his learning capabilities and interests, 

and to his personal problems. 

Traditionally the classroom instructor has been the 

sole arbiter of instruction and he has regarded audio-

visual materials as being "aids to instruction." William 

Trow (96, p. 180) in his book, Teacher and Technology, New 

Design for Learning, expresses his concern of this narrow 

view of technology as he states: 

The new media will not be particularly effec-
tive so long as they remain mere aids or adjuncts, 
an intrusion, a fifth wheel to the educational 
conveyance. The new parts need to be integrated 
into a man-machine system, and this requires 
clear-cut readjustments in organization and pro
cedure. The required changes may take a little 
time but they are well within the range of fea
sibility. The educational technologist envisions 
not machine-produced robots, but a smoothly func
tioning system in which the several processes it 
employs are all to turn out its product--and that 
product is educated people. It is not realistic 
to expect that the product will be perfect. But 
the school of tomorrow can be far better places 
to live and to learn than the schools of today. 

We can safely assume that science and technology will 

continue to have a profound influence on the community which 

consequently places demands on the community colleges. This 

requires some speculation on what kinds of technologies and 
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educational systems may be developed 1n coming decades. 

Glaser (35, p. 6) states: 

It seems possible to develop educational 
methods that are more sensitive to individual 
differences than our procedures have been in 
the past. Educational systems for accom
plishing this will no doubt take many forms and 
have many nuances as they are developed by our 
educational leaders. In the main, however, it 
is well to remember that individualization re
quires the fine honing of instructional proce
dures so that a student seeks and achieves 
mastery proceeding along a path, to a large 
extent, dictated b y his own requirements. As 
a result of a balance between teacher guidance 
and the student's own self-appraisal, he can 
follow the path, or blaze the trail, which is 
neither too difficult nor too easy for him. 
The teacher in this process will play the sig
nificant role of helping the student discover 
how he learns best; the teacher will need to 
learn from the learner how to teach; and teach 
the learner how to learn. 

Erickson (30, p. 14) indicates that the first and most 

important professional act of the teacher is to identify 

valid teaching purposes; that is, teachers must identify 

the educational objectives that directly influence the 

selection of the sequences and schedules of the learning 

activities; however, the teaching purposes must be estab-

lished relative to, and capable of changing with, the aims 

of the community colleges. 
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Ralph W. Tyler (98, p. 4) in his article, "Innovations 

of our Schools and Colleges," identifies new tasks and aims 

our community colleges must be aware of: 

A new task faced by our schools and colleges 
is that attainment of certain new ends or 
objectives. One of these is to teach students 
how to learn. With the rapid acquisition of 
new knowledge, it is no longer possible to 
give the student in school an adequate command 
of the facts in each major subject that will 
serve him throughout the balance of his life. 
The school can only start him on a lifelong 
career of continued learning. Hence, an 
important aim today is to teach students to 
learn and to develop in them a strong interest 
in continued study together with the skills 
required to keep on with their learning after 
graduation. This objective has not generally 
been accepted by schools and colleges in the 
past, although some teachers here and there 
have given it major attention. 

Another new educational aim has arisen from 
the recent involvement of outstanding scholars 
in the development of courses and curriculums. 
In each of the major fields of learning, the 
scholars are emphasizing the contribution that 
can be made by learning to use the intellectual 
apparatus of the field as well as to become 
familiar with the results of scholarship. In 
mathematics, for example, the new courses teach 
the student to think in mathematical terms so 
that he can deal with the new mathematical 
ideas and problems, as well as learning the 
techniques of arithmetic, algebra, geometry, 
trigonometry, and the like. In history, as 
another example, the new courses teach the 
student to think in historical terms about 
the development of cultural, economic, and 
political institutions, as well as learning 
some of the significant work. This attempt 
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to help the student acquire and use the 
important intellectual tools is a new edu
cational aim that has not been widely 
attempted in the past. It is another 
illustration of the fact that one of the 
new tasks of our schools and colleges is to 
aim at certain new objectives. 

The imperative need for educational innova
tions at this time arises not only from the 
importance of doing the traditional educa
tional jobs more effectively and efficiently 
with a greatly increased population, but also 
because we face new tasks for which we have 
no extended experience and no adequately 
tested doctrine to guide us. 

Another area in which innovations are emerg
ing is in the use of modern technology for 
educational purposes. This quickly brings 
to mind educational television, motion pic
tures, tape recordings, teaching machines, 
programmed material and computer-assisted 
instruction. There is high current interest 
in these developments. At the present time, 
however, the yield from the innovative efforts 
has been small. Too many of the projects 
undertaken have been guided by those whose 
training and competence are in the technology, 
and they have not been wholly familiar with 
the educational tasks, the aims sought, the 
conditions of learning to be maintained and 
the like. However, today some experiments 
have been started by persons who have the 
educational competence as well as having 
knowledge of the technology being used. We 
need many more efforts of this sort in order 
to gain the possible values of technology for 
the benefit of education. 

One caution presented by Cohen (22, p. 162) concern-

ing technology is that the process of scrutiny needs as 
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much attention as the process of innovation. Improperly 

devised instructional systems based on too narrow a view 

of the future could, if adopted without built-in continual 

evaluation plans, seriously damage the futures of students 

subjected to them. 

Arthur Cohen (22) is perhaps one of the most out-

spoken critics of the community college's present lack of 

direction. He refers in Dateline '79 to the need for 

accountability in the so-called "teaching institution" of 

higher learning: 

Defined outcomes in an ends-oriented concept. 
It means that the college spells out in 
advance--and accepts accountability for--the 
changes it expects to produce in its students, 
and often in its community. According to this 
concept, schools are media designed to cause 
changes in people and communities, and they are 
also uniquely qualified to define the direction 
of those ends. Strict adherence to such a 
rationale affects all institutional practices 
and influences the work of everyone connected 
with the college. 

In an institution using a defined-outcome 
approach, goals are stated in such words as: 
"The student will learn to . ." rather than 
"The college will provide . .," "The commu-
nity will become . ." rather than "The 

II college offers the opportunity for . 
Instructional designs require that: "The 
student will be able to . ."rather than 
"The instructor will discuss . " One 
approach depicts Ends, the other Means; one 
defines Product, the other Process. 
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The choice for the institution (he says later) 
is not between changing and not changing but 
of taking on the task of methodically causing 
student learning or consciously rejecting i t. 
It must do one or the other. 

In this harsh implied criticism of the community 

colleges Cohen is saying that, despite all their claims 

and their occasionally glamorous performances, they have 

no objectives (22, pp. 161-162). 

When objectives are specified, patterns of thought 

through which learners may be led are opened to view. 

Theoretically, i nsight is made more feasible. Hilgard and 

Bower (42, pp. 241-242) explain this phenomenon in class-

room terms: 

Skilled teachers are well aware of differences 
between situations in which understanding is 
arrived at easily and those in which it is 
achieved with difficulty--even though the same 
ultimate steps are involved and the same end 
stage reached. In the favored arrangement the 
problem is so structured that significant fea
tures are perceived in proper relationship, 
and distracting or confusing features are sub
ordinated. Some mathematics teachers make 
probl em s olution difficult to grasp because 
the y go through derivations step by step with
out an overview of where the steps are leading 
or what the articulating principles are. They 
teach the necessary operations, but the final 
insight eludes the students because of the 
manner in which the proof is arranged. 
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The problem of individualizing instruction is a 

formidable one, and many recent innovations in instruc

tional materials such as programmed textbooks, cassette 

tape recorders, simplified film projectors, and computer

assisted instruction are providing some encouragement for 

those concerned with individualization. We need to stress, 

as indicated by Cohen (22, p. 162), that as teaching plans 

are constructed and carried out, media should be produced 

in light of valid principles a nd objectives. 

Learning Theory Base 

Community colleges are beginning to take advantage 

of the slowly growing body of c ompetent learning theory, 

the possible uses of diversified grouping and scheduling, 

and improved uses of instructional talent through new 

staffing patterns. 

There are many different vlews expressed by educators 

as to "the" way best to effect learning. Perhaps the two 

learning theories relied upon most in this experiment were 

B. F. Skinner's (88) extended conditioning techniques and 

Harold C. Lyon's (59) humanistic approach to learning. It 

may appear somewhat odd to have applied two seemingly 

diverse theories, that by some educators would be placed 
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on opposite ends of the continuum, to the instructional 

system under study. Hence, an explanation is in order. 

The points of view expressed by Skinner and Ly on 

appear to differ considerably in philosophy or concept, 

in goals or objectives, and perhaps the greatest dif

ference is in method or techniques. 

While there are numerous specific differences 

between the behavioral and humanistic approaches to learn

ing related to the nature of man, these may be reduced to 

a single basic difference, that is, rewards. Skinner says 

(88, p. 76) basically that man is a reactive being and 

views man as a biological organism reacting to stimuli in 

his environment. He is a product of his experiences, his 

past learning or conditioning, and of potential recondi

tioning. The concepts assumed in this point of v1ew 

include reaction, reinforcement, reflex , response, reinte-

gration, and reconditioning. Lyon, (59, p. 17) rather 

than conceiving of man as merely reacting to his environ

ment or reacting to his innate drives, motives, and needs, 

sees man's behavior as predominantly influenced by feel

ings, frustrations, or satisfaction. Both Skinner and Lyon 

see man as reacting to stimuli, both from within, and from 
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without. The basic differences are illustrated by comments 

from Skinner (88, p. 76) : 

In the traditional view a person perceives the 
world around him and acts upon it to make it 
known to him. It has even been argued that the 
world would not exist if no one perceived it. 
The action is exactly reversed in an environ
mental analysis. There would, of course, be 
no perception if there were no world to perceive, 
but we would not perceive an existing world if 
there were no appropriate contingencies. 

We say that a baby perceives his mother's face 
and knows it. Our evidence is that the baby 
responds in one way to his mother's face and 
in other ways to other faces or other things. 
He makes this distinction not through some men
tal act of perception but because of prior con
tingencies of survival. The face and facial 
expressions of the human mother have been asso
ciated with security, warmth, food, and other 
important things during both the evolution of 
the species and the life of the child. 

The role of the environment is particularly 
subtle when what is known is the knower himself. 
If there is no external world to initiate know
ing, must we not then say that the knower himself 
acts first? This is, of course, the field of 
consciousness or awareness which a scientific 
analysis of behavior is often accused of ignoring. 
The charge is a serious one and should be taken 
seriously. 

Man is said to differ from the other animals 
mainly because he is "aware of his own exist
ence." He knows what he is doing; he knows 
that he has had a past and will have a future; 
he alone follows the classical injunction, 
"know thyself." Any analysis of human behavior 
that neglected these facts would be defective 
indeed. And some analyses do. "Methodological 
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Behaviorism" limits itself to what can be 
observed publicly; mental processes may exist, 
but their nature rules them out of scientific 
consideration. The "behaviorist" in political 
science and many logical positivists in phi
losophy have followed a similar line. But we 
can study-observation, and we can study
observation, and we must include it in any 
reasonable complete account of human behavior. 
Rather than ignore consciousness, an experi
mental analysis of behavior has put much 
emphasis on certain crucial issues. The 
question is not whether man can know himself 
but what he knows when he does so. 

Skinner is attempting to extend his conditioning 

techniques beyond the laboratory situation, in which they 

were developed. This fact alone poses many questions. 

The control of the student's environment outside the 

classroom is a tremendous undertaking and is much more 

difficult than the controls of a laboratory situation. 

However, this seems to be a task with which community 

colleges will have to deal if the entire community is to 

be the new classroom. Skinner (88, p. 37) advocates a 

technology of behavior: 

Almost all our major problems involve human 
behavior, and we cannot solve them by physi
cal and biological technology alone. We 
need a technology of behavior, but we have 
been slow to develop the science from which 
we might draw such a technology. 

One difficulty is that almost all of what 
we call behavioral science continues to 
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trace behavior to states of mind, feelings, 
traits of character, human nature, and so on. 
Physics and biology once followed similar 
practices and advanced only after discarding 
them. The behavioral sciences have been slow 
to change, partly because the explanatory 
entities often seem to be directly observed 
and partly because other kinds of e xplanations 
have been hard to find. 

The environment is obviously important but 
its role has remained obscure. It does not 
push or pull, it selects, and this function 
is difficult to discover and analyze. The 
role of natural selection in evolution was 
formulated only a little more than a hundred 
years ago, and we are only beginning to be 
traced to accessible conditions, and a tech
nology of behavior may therefore become 
available. It will not solve our problems, 
however, until it replaces traditional pre
scientific views, and these are strongly 
entrenched. Freedom and dignity illustrate 
the difficulty. They are the possessions of 
the autonomous man of traditional theory, and 
they are essential to practices in which a 
person is held responsible for his conduct 
and given credit for his achievement to the 
environment. It also raises questions con
cerning "values." Who will use a technology 
and to what ends? Until we resolve these 
issues, a technology of behavior will continue 
to be rejected, and with it possibly the only 
way to solve our problems. 

While Skinner and Lyon are both striving for the 

common goal of "the good life," their writings express 

different approaches in preparing people for this Utopia. 

Skinner (88, p. 66) though very v ague as to how controls 
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would be administered and through which governing bodies, 

advocates mass behavior modification or control of culture, 

while Lyon (59) stresses the individual internal reward 

and self-actualization. Lyon (59, p. 17) speaks of the 

·~alf-man'' as being an affectively disadvantaged person, 

that is a person who, due to our educational stressing of 

the cognative learning, has failed to develop affectively. 

Lyon (59, p. 57) questions what makes the educator so 

willing--in fact so determined--to avoid his students as 

well as his own feelings and, hence, become an intellectual 

half-man. Lyon suggests that one of the possible reasons 

is that future teachers may have conditioned insecurities 

resulting from the process of having to jump over a con

tinuous series of artificial hurdles in their training. 

The typically insecure faculty member is portrayed by Lyon 

as an inwardly focusing individual with basic personal 

insecurities. On the one hand he has superiority feelings 

relative to intellectual matters stemming, perhaps from 

easily won cognative victories in the classroom; on the 

other hand he has basic feelings in inferiority, malad

justment, and hostility to that which is emotional or non

intellectual. Lyon (59, p. 42) tries to look at the problem 

from the standpoint of a student and presents his view of 
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the necessity of integrating the intellectual with the 

affective to produce a more humanistic education. Lyon 

(59, p. 14) suggests that control by external rewards is 

not the answer: 

Let me share some other things that are happen
ing to me now which I hope will help make it 
clear how, through learning to feel and feeling 
to learn, a former military man could hold the 
view I hold and even have the audacity to write 
a book about humanistic education. I feel that 
the "overachiever" is in many ways the product 
of a society that encourages and reinforces 
getting rewards and approval from outside 
sources rather than from within the individual. 

I am discovering (present tense, not past) that 
I became an overachiever to be approved by 
others. It goes back to wanting to be held 
more as a child--a compulsion for approval, 
acceptance, and natural need for love that gets 
titilated but never fully satiated by substi
tuting the approval that achievement brings for 
the chronic love need that I and so many others 
have. 

As infants we freely and instinctively do what 
we want. The infant reaches for and pulls his 
mother's hair. The mother says "no!". She 
trains the child to give up what he wants by 
withholding affection (slapping his hand or 
the word "no!"). Finally, the child gives up 
many things he wants to do to get the love and 
approval he craves. In short, he begins emit
ting the behavior which will give him love and 
approval, sublimating his own desire to do 
other things. In other words, his behavior 
flows, not from within, but from what he de
tects and learns will give him approval. Most 
people--particularly those that young people 
would label as "establishment"--never outgrow 
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this second stage. Granted, people can be 
independent thinkers in a way that seems 
more than tokenistic, as I fancied myself 
to be, but basically most of the major direc
tions in their lives are determined by the 
strength of the doses of approval that they 
will get from outside sources--parents, 
friends, teachers, organizations, society. 

To summarize, Lyon is saying external rewarding 1s 

not the answer and that we must turn to internal reward. 

Sk inner (88, p. 66) is saying to us that we should accept 

this fact about ourselves--that we are a lready controlled--

and we should decide what control should be applied, and 

by whom. 

It is very difficult to find a common philosophy, or 

even a single concept, common to the points of view pre-

sented. There seems to be little, if anything in common 

between a concept of man as determined by his environment 

and the concept of man as having the potential for growth 

and development in the process of self-actualization. The 

concepts of mass control and individual self-direction are 

very different. However, as minimal as it may appear, 

there is agreement in the view that man 1s capable of being 

changed at any stage in his life. Skinner (88, p. 73) 

expresses this as follows: 
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It is dangerous to assert that an organism of 
a given species or age cannot solve a given 
problem. As a result of careful scheduling, 
pigeons, rats, and monkeys have done things 
in the last five years which members of their 
species have never done before. It i s not 
that their forebears were incapable of be
havior; nature had simply never arranged 
effective sequences of schedules--give me 
the specifications, and I'll give you the 
man. 

The questions concerning freedom are probably the 

points of greatest disagreement between the two educators. 

Skinner (88, p. 41) expresses this difference of opinion 

of freedom as he states: 

Man's struggle for freedom i s due not to a 
will to be free, but to certain behavioral 
processes characteristic of human organism, 
the chief of which is the avoidance of or 
escape from so-called aversive features of 
the environment. Physical and biological 
technology have been concerned mainly with 
natural aversive features; the struggle for 
freedom is concerned with features inten
tionally arranged by other people. The 
literature of freedom has identified those 
responsible for aversive features and has 
proposed ways of escaping from them or 
weakening or destroying their power. It 
has been successful in reducing the aver
sive stimuli used in intentional control, 
but it has made the mistake of defining 
freedom in terms of states of mind or feel
ings, and it has therefore not been able to 
deal effectively with techniques of control 
that do not breed escape or revolt but never
theless have aversive consequences. It has 
been forced to brand all control as wrong 
and to misrepresent many of the advantages 
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to be gained from a social environment. 
It is unprepared for the next step, which 
is not to free men from control but to 
analyze and change the kinds of control 
to which they are exposed. 

Skinner attacks the emphasis on freedom and dignity 

in the literature, with its concern for autonomous man, 

charging that the use of punishment and condonment of the 

use of weak nonpunitive techniques has been perpetuated. 

He (88, p. 80) relates the connection between the unlimited 

right of the individual to pursue happiness and catastrophes 

threatened by unchecked breeding, the unrestrained afflu-

ence that exhausts resources and pollutes the environment, 

and the imminence of nuclear war. Skinner feels that even 

though the science of human behavior is in its infancy, it 

is the answer to our ills. He envisions a world where 

people live together without quarreling, maintain them-

selves by producing only the food, shelter, and clothing 

they need. The people would enjoy themselves and contri-

bute to the enjoyment of others in art, musiq literature, 

and games. They would consume only a reasonable part of 

the resources of the world and contribute as little as 

possible to its pollution. Families would bear no more 

children than they could raise economically. People 



42 

would continue to explore the world around them and come 

to know themselves and the world around them better. 

Skinner (88, p. 80) says this is all possible: 

We have not yet seen what man can make of 
man. 

Perhaps Lyon would say we have not yet seen what man 

can make of himself. Thus, the statement evolves that sets 

the laboratory for this experiment. The claim 1s that we 

have not yet seen what man can make of himself with the 

help of man and new technology-based instructional systems. 

The instructional system under study proposes to 

utilize the conditioning techniques advocated by Skinner 

with the aid of multi-media which will consequently allow 

more time for the instructor to attend to, as Ly on stressed, 

the affective domain on a personal level. Under this sys-

tern everyone in class is not forced to participate in the 

same learning activity at the same time or for the same 

length of time. The several learning spaces can be under-

way simultaneously. Each learning space utilizes a variety 

of learning experiences which are not limited to print 

alone. The instructors are able to realize the potenti-

alities of varying combinations of groups and media methods 

to match more clearly the needs of the groups and even 
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single students. Thus, we take one more crucial step 

toward individualization of instruction. 

History of Audio-tutorial Instruction 

There have been many studies directed at media utili-

zation and its effects in the classroom. It is impossible 

to date the beginning of the development of an audio-

tutorial system of learning. The development of media 1n 

most cases was for purposes other than education. Educa

tors then adopted the media for use 1n the classroom. It 

would require many separate studies to produce a comprehen

sive review of the literature on the utilization of radio, 

team teaching, teaching machines, programmed instruction, 

individualized instruction, behavioral objectives, T.V. 

instruction, taped instructio~ and computer-assisted 

instruction. Although such a review here is not feasible, 

all of the instructional movements mentioned influenced 

the development of the audio-tutorial instructional system. 

Many efforts have directly contributed to the system 

under study. One such study began in 1952 (53) as the 

Benedictine Sisters in Covington, Louisiana, initiated an 

experiment using tapes as a teaching aid. The S i sters were 

so impressed with the response of the students and the 
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effects on achievement that they decided to expand the use 

of the media throughout the curriculum. 

The Sisters conducted workshops in the summer to 

train teachers in the area to develop techniques relative 

to tape teaching. A system of teaching with magnetic tape 

utilizing earphones and student activity sheets based on 

an elaborate set of learning objectives was slowly developed. 

Many surrounding communities adopted the system in varied 

forms. The instructors found many advantages. The teachers 

from the Norwalk School System attended the Sisters' 1961 

workshop. Lalime (53, p. 454) discussed some of the advan-

tages of the method as he says: 

Taped lessons offer many advantages to the 
teacher. They serve to make more economical 
use of teacher time and provide instructional 
materials which can be developed for varying 
levels of pupils' achievement. Tapes yield 
a flexibility in grouping and subject matter 
which fosters individualized instruction. 
Prerecorded instructional tape lessons can be 
used for remedial purposes, to increase skills, 
for enrichment, follow-up activities, practice, 
reinforcement of known skills, and review. 
Taped lessons can be thought-provoking and 
exciting to children as they work independently, 
making it possible for the teacher to concen
trate on the instructional needs of the children 
in another group without interruption. The 
impact of the teacher's personality and voice is 
reflected through this medium. Materials can be 
developed to meet the student's educational re
quirements. The tape lessons provide greater 
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concentration because earphones eliminate almost 
all extraneous sounds. 

Commercially prepared records can also be linked 
to the tape tables and earphone system. Many 
teachers believe that the earphones add a new 
dimension to listening. Teachers have indicated 
that recorded programs played to the entire class 
were not effective, but when used with earphones 
the recorded programs were a "great success." 

The values of using recorded lessons for the 
improvement of instruction seem to be limitless. 
When properly used, the technique of using 
recorded lessons on tape is applicable to almost 
any educational situation. In a sense, it can 
allow the teacher in the self-contained class
room to be in two places at the same time. It 
can be a great help in providing for the learn
ing needs of an individual within a group and 
for providing greater latitude in grouping than 
is possible within the limits of the traditional 
grouping method. Tapes can be prepared to suit 
the needs of one, two, twenty, or one hundred 
students. It provides the teacher the oppor
tunity to individualize instruction on a larger 
scale, improve instruction, and bring to larger 
groups of students many activities they might 
otherwise have missed. 

S. N. Postlethwait at Purdue University has been a 

prime leader in the development of the audio-tutorial 

approach. Postlethwait's system of instruction in teaching 

biology was prompted by the diversity of background among 

the students at Purdue (62) and a growing student body with 

an attendant loss of personal contact between students and 

instructors. The audio-tutorial approach was developed to 
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solve these problems through the utilization of modern 

communication devices and technology and to provide better 

learning activities. 

In 1961 Postlethwait began taping supplemental lec

tures to be used by the slower students at their conven

ience. The students' response to the taped supplemental 

lectures was so favorable that weekly learning kits were 

developed as an added aid. By the end of the semester, 

the students could complete a week's work without attend

ing any of the formal sessions of the course. The response 

was so i mpressive that Dr. Postlethwait set up an experi

mental section the following semester. Thirty-six students 

were taught by a programmed audio tape method, meeting once 

each week with the instructor for discussion and testing 

purposes. The traditional sections and the experimental 

section were given the same exams. A comparison of the 

achievements revealed no significant difference. The 36 

students were surveyed to solicit suggestions for i mprove

ment of the materials and the process. As a result of the 

interviews, the freshmen biology course at Purdue University 

was revised to include utilization of the audio-tutorial 

approach (75, pp. 7-8). 
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The audio-tutorial system at Purdue evolved from a 

set of taped lectures in the beginning to a network of 

integrated learning experiences, including lectures, demon-

strations, set-ups, experiments, films, and many other 

learning activities. The approach is labeled "integrated 

experience" due to the diverse spectrum of learning activ-

ities that are integrated, with provision for the variety 

of individual preferences to certain learning experiences. 

Also, each activity is designed to present efficiently some 

crucial aspect of the subject (75) . The learning activi-

ties presented by Postlethwait (2, pp. 3-4) are: 

1. Repetition: There is little question but 
that the nature of many objectives require 
repetition for their achievement. However, 
repetition ought to be engaged in an intel
ligent fashion and adapted to the individual 
needs of a particular student. 

2. Concentration: Most classrooms are not 
organized to permit students to concentrate 
during their study. Students are distract
ing to one another and other disassociated 
events which may be occurring tend to dis
tract the student's attention from the 
subject at hand. 

3. Association: Diagrams, charts, models, 
photographs, and other such devices should 
be a "means to the end" so that students' 
attention is directed to the subject itself. 
The system should provide an opportunity for 
the student to have an object available at 
the time he reads about it, etc. 
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4. Appropriate size units of subject matter: 
People vary considerably in the amount of 
subject matter that can be grasped in a 
given amount of time. Programmers have 
demonstrated that most people can learn 
almost anything if it is broken into 
small enough units and the student can 
take time to become informed about each 
unit before proceeding to the next. Any 
program of study therefore should provide 
each student an opportunity to adjust and 
assimilate the information, so that those 
who can absorb large quantities of infor
mation may do so in an unrestricted fash
ion, whereas others who must proceed more 
slowly are permitted to do so. 

5. Adapt the nature of the communication 
vehicle to the nature of the objective: 
It is logical that no simple vehicle such 
as lecturing or a textbook can achieve 
the full spectrum of objectives for a 
complex subject. The student's experiences 
should not be confined to any particular 
vehicle such as film, audio tape, textbook, 
or a lecture. A properly structured course 
therefore would carefully define objectives 
and not try to mold objectives to fit a 
favorite medium (lecture, for example) but 
instead would use the medium best adapted 
to the nature of the objective. 

6. The use of the multi-media: Individuals 
differ in their responsiveness to different 
kinds of communication devices. Some people 
learn best by auditory communication, and 
others learn best by literally handling 
specimens and performing experiments. 

7. Finally, and most important, the integra
tion of learning activities and situations: 
It stands to reason that if learning events 
are to be complementary and to have some 
relationship, they should be brought into 

close proximity and properly sequenced. 
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The phenomenon of instructors who are constantly 

modifying procedures in accordance with student responses 

often lS an unconscious one--a consequence of good teach-

ing. McKeachie (61) states: 

One of the real advantages of small discussion 
classes over large lectures or television is 
the amount and specificity of feedback the 
teacher receives about who is responding how 
at a particular time . (The teacher's) 
ability to plan optimally for student educa
tion depends upon continuous feedback from 
the students. As classes become large4 the 
opportunities for such . . moment to moment 
shifting of one's educational strategy are 
reduced. 

Distinguishing features of the audio-tutorial system 

of instruction include the concept that the approach 

attempts to i ndividualize instruction, to account for diver-

sity of student learning rates and styles, and to accommo-

date large numbers of students. Unlike early forms of 

programmed instruction, the audio-tutorial system makes use 

of a variety of instructional media, each according to its 

appropriateness to a specific learning activity. Like pro-

grammed instruction it requires that emphasis be placed on 

clearly defined learning behaviors rather than on teaching 

objectives. Systematic analysis is required to specify the 

student needs and to determine the best means for meeting 

them (61, p. 508). 
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As a result of the constant evaluation of the audio-

tutorial botany course at Purdue, many advantages became 

evident. Postlethwait (74, pp. 186-187) summarizes them 

as follows: 

1. Emphasis is placed on student learning 
instead of teaching technology. The 
student receives credit for his knowledge 
and skill regardless of how or where it 
was acquired (attendance does not contrib
ute to the grade). 

2. The study pace is under control of the 
student. He can repeat or omit any por
tion of the study program he desires. 

3. Better students are not a "captive 
audience." They are free to choose those 
activities which are most instructive and 
challenging. 

4. Study time can be arranged to accommodate 
the demands of other campus activities or 
work loads. 

5. Study conditions involved a minimum of 
distraction. 

6. Contacts with instructors are meaningful 
and come at a time when the student has a 
"readiness to learn." 

7. More students can be accommodated with 
less space and with less staff. 

8. Students learn more in less time. Grades 
are higher and "feedback" from past students 
indicates the retention is better. 

9. Problems with make-ups are minimized. 



51 

10. The student is treated as an adult who 
is capable of participating in decisions 
concerning his study habits. 

Postlethwait (79) later suggests additional advan-

tages of the system: 

1. Appropriately sequences and integrates 
the use of printed texts and manuals, 
movie films, microscopes, specimens-
every conventional learning event. 

2. Ideally accommodates students with a 
wide diversity of backgrounds, aptitudes, 
and interests. 

3. Places the mechanics of scheduling and 
the responsibility for learning on the 
students. 

4. Leaves the teacher free for real business 
of teaching--orientation, direction, elu
cidation, guidance, and personal contact 
with the individual students. 

The students' response to this approach was very posi-

tive. The results of a questionnaire showed that 96 percent 

of the students preferred the audio-tutorial systems over 

the traditional approach. The informal atmosphere of inde-

pendent study enhanced student exploration of topics of 

individual interest in greater depth, and encouraged the 

mastery of techniques before proceeding to the next item. 

This process resulted in improved student performance as 

evidenced by overall higher grades and by student enthusiasm 

for the subject. 
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Postlethwait has taught general botany at Purdue for 

more than 16 years and estimates that the current course 

contains approximately 50 percent more informat ion than it 

previously contained, and that the students' achievement i s 

significantly improved. The average amount of time spent 

was a little over two and one-half hours compared to the 

four hours per week spent by each student under the tradi

tional system (62, p. 317). 

Rowlett (84) conducted a study in 1966 to compare 

the effectiveness of direct-detailed and direct-discovery 

methods of instruction. The content under study was an 

industrial arts technique. The students in one class were 

presented the course content by a step-by-step procedure 

(direct-detailed) on tape as compared to the other group's 

instruction which utilized tapes that gave only a brief 

introduction to the content (direct-discovery) and the 

second group was also given a great deal of freedom in 

developing their own understanding of the technique being 

taught. Rowlett found that there were no significant dif

ferences 1n effects in the initial learning due to treat

ments. The study also indicated that both methods of 

organizing taped instruction were effective in producing 
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learning that was immediately usable and that persisted for 

at least six weeks. 

Ted E. Surdy i n 1967 (91), Kansas State Teachers 

College, Emporia, Kansas, reported using an audio-tutorial 

approach in a bacteriology course for two years. This 

experiment was designed to study the effects of combining 

the lecture and laboratory content into one individualized 

course. Tapes which were designed as a personal discussion 

of a problem rather than a lecture were prepared and uti

lized in the study. The success of the program was attrib

uted by Surdy to the close contact between the instructor 

and students. He (91, pp. 15-16) felt that some of the 

advantages of the system were the maximum utilization of 

staff, more efficient utilization of space, and the simpli

fied laboratory arrangement. The most important benefits 

were the individualization of instruction, the work rela

tionship established between student and instructor, and 

increased student acceptance of the responsibility for 

learning. 

In 1967, Bennett (13) investigated some variations of 

tape teaching in Latin. The study was initiated because he 

felt that he had not been utilizing the language laboratory 
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efficiently. He reproduced extra copies of the basic con

struction tapes and used them during and after class study. 

He also developed a tape of quiz sentences for the slow 

learners. In reporting his findings, he implied that the 

method seemed to be teaching more content than the teacher 

could otherwise have assigned, that the voice on the tape 

was effective in pacing the students' work an~ that the 

technique allowed the teacher time to isolate problems and 

check the students' progress. 

Also in 1967 the faculty of the College of Agriculture 

at the University of Illinois, due to the voiced concerns 

of staff members, developed an audio-tutorial carrel that 

could lend itself to the combined use of audio and visual 

media. Behrens and Harmon (12) of the Animal Science Depart

ment prepared the content materials on pork production to 

be developed into experimental units for Animal Science 303. 

The experimental units were used the last three weeks of 

the spring semester. After completion of the units, the 

students were asked to provide informal evaluations of the 

program in terms of subject matter, materials, and equipment. 

Evaluations by the students and faculty of the courses 

being taught by this method indicated the following (12, 

p. 452): 
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The main advantages of this system are one
time preparation and individual study. The 
instructor can make a more thorough presenta
tion of subject matter and can make correc
tions before presenting the material. Demon
strative material can be presented repeatedly, 
and events controlled by biological timing can 
be presented at any time. Students can cover 
the materials at their most efficient pace, 
even repeating if necessary, and they have un
obstructed viewing. Classroom time is freed 
for discussion. Updating the material is a 
simple procedure. Finally, the system provides 
a framework for coverage of additional objec
tives for gifted students. 

The preceding review of the literature indicates that 

there are very few reported research projects utilizing 

controlled conditions with audio-tutorial techniques. An 

ERIC search was made using the descriptors, audio, visual, 

computer, taped, and individualized mathematics instruction 

and not one controlled experiment was reported at the corn-

rnunity/junior college level. Recently many institutions 

have adopted various audio-tutorial approaches into several 

subject areas of their curriculum. A review of the ongoing 

projects identifies additional cautions and benefits. A 

review of the more significant ongoing projects is presented 

in the following section. 
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Research and On-going Projects 

Presently most of the audio-tutorial studies that are 

being reported are of the attitude-survey type without con

trols. The controlled studies reported are mostly compari

sons based on the number of students achieving a certain 

grade-point average on a teacher-made test. 

One such on-going comparative study started 1n the 

fall of 1969 at the Clearwater Campus at St. Petersburg, 

Florida. 

Joseph Gould, Charles Mott, and Neal Langford (38) 

designed and initiated an audio-tutorial Earth Science 

Course. Basically the course was patterned after Postle

wait's program at Purdue University. Lectures were pre

sented on tape and accompanied by 35mm slides, demonstra

tions, and experiments. 

Each unit of work had a set of objectives, vocabulary 

list, subject outline, sample quiz, and study questions. A 

typical week for the student consisted of the following: 

(1) a large group meeting, the General Assembly Session, 

where a written quiz was given over the previous unit's work 

followed by either a lecture or a movie, (2) an unscheduled 

Independent Study Session in the learning center, (3) a 
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30 minute Individual Oral Quiz Session in study groups of 

ten. 

The Ge neral Assembly Session brought the entire class 

together once weekly. This session was used to introduce 

the unit being covered that week, to administer a written 

quiz on the previous week's material, and to present a 

guest lecturer or a film. 

The student was also expected to spend a certain 

amount of time at the earth science learning center in the 

independent study. The amount of time devoted to study 

varied with the ind i vidual student. The learning lab was 

used to listen to taped lectures, to view slides, to observe 

film strips, or to see a brief single-concept movie that was 

related to a particular instructional objective. An instruc

tor was available in the learning center for individual 

assistance. 

An Individual Quiz Session was scheduled once a week. 

At these sessions each student took part in a group discus

sion and was quizzed orally. Eight or nine students met in 

this informal group setting. Students have indicated that 

the informal nature of the Individual Quiz Session lent a 

personal touch to the course, and also that the small group 
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discussion often clarified content that might otherwise 

have been misinterpreted. The purpose of initiating the 

audio-tutorial course was to reduce the number of unsuccess-

ful students (students who withdrew or received any grade 

less than a "C") over our conventional earth science class. 

The experimental group consisted of 71 students se

lected randomly from the 297 students who had registered 

for the fall 1969 earth science classes. During the first 

semester of operation, only 19 percent of the students 1n 

the audio-tutorial section received a grade lower than "C". 

Comparing this with the conventional class for the same 

test over identical objectives and taught by the same 

instructors, the investigators found that 29.2 percent 

achieved a grade lower than "C". Follow-up earth science 

classes showed results similar to the initial group, hence, 

the program was deemed a success. Based on the findings, 

conventional classes were discontinued. All earth science 

classes are now being conducted by means of the audio-

tutorial system. It seems that the audio-tutorial system 

has continued to hold attrition to a minimum level. 

Langford (54), however, reported in December of 1972 

that in the last year the course has undergone numerous 
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changes, resulting in an unacceptable increase in the 

percentage of unsuccessful students. At the present time 

the major problems reported were as follows: (1) some 

students appear to be unable to structure or discipline 

themselves to come in and listed to the tapes in an un

scheduled environment; (2) some students have avoidance 

reactions to taking a required general education science 

course; (3) some students will not communicate problems 

with the instructor; (4 ) some students try, but seem 

unable to solve the problem of why they are unsuccessful 

in the course; (5) some units are not structured in an 

hierarchical manner to emphasize problem solving. 

To remedy this situation by the most productive and 

efficient procedure, Langford (54) proposed teaching the 

course by a system approach and gradually designing a 

simulation model. Such a model would: (1) better define 

the objectives of the course; (2) identify the inputs, out

puts, and variables within the system; (3) devise a method 

for evaluating the system; (4) provide for feedback mech

anisms. The study was still in progress at the time of 

this report; therefore, the conclusions of the worth of the 

system were not available at the time of this study. 
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The largest single commitment to the group tutorial 

approach is made at Oakland Community College in Bloomfield 

Hills, Michigan (95). The group tutorial approach, using 

programmed instructional materials, is designed to provide 

the most efficient relationship between cost and results 

in overcoming the problems inherent in large group i nstruc

tion. The principles of group tutorial instruction have 

been given a unique environmental application in this 

school. The campus design is consistent with the learning 

activities; one building contains three classrooms that 

accommodate 3,000 students. The remainder of the bu i lding 

contains 600 individual carrel positions employing audio

tutorial devices. Students can spend four-fifths of their 

time directing their own l e arning spaces. If needed, each 

student can call in individual tutorial assistance on points 

they may fail to understand. 

J. E. Tirrell (95) characterizes Oakland's system as 

being based on the fullest knowledge of l e arning procedures 

and built around the theory that, if a student knows where 

he is going and how to get there, he will get there if he 

wants to. Tirrell sees Oakland's primary function as giving 

help and motivation. He (94, p. 21) defines the system as a 
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"closed loop" learner-centered model of instruction. It 

is a self-adjustive performance-based system relying on 

predetermined decisions: (1) what is to be learned, (2) the 

required levels of proficiency to be achieved by learners, 

and (3) the most appropriate sequence of instruction to 

insure student success on each progressive step leading to 

the attainment of the prestated performance specifications 

stated in behavioral terms. 

The advantages resulting from the approach were many. 

The more important ones are as follows: (1) student accept-

ance of responsibility for learning, (2) more student

instructor contact, (3) higher percentage of successful 

students, and (4) a lower number of withdrawals. 

The implementation of an audio-tutorial program (82) 

1n a geography course for Carroll College students resulted 

1n a 16 percent higher percentage of successful students in 

the experimental group than in a group taught by conventional 

methods. The degree of success prompted the development of 

a series of 8-millimeter films, accompanied by audio expla

nations on tape, for demonstration of techniques, and com

plex situations which are not study material ordinarily 

found in the traditional classroom. The students using the 
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equipment were able to stop the process at any time for 

close inspection, and they could review the materials as 

many times as desired. The advantages were many. The 

process would: (1) release instructors to give individual 

instruction and supervision, (2) utilize faculty in teach

ing greater numbers of students without loss of instruc

tional quality, (3) permit students to progress at their 

own optimal speeds, and (4) facilitate the use of the 

materials beyond the college where they were developed. 

The role of mathematics at Nova High School (3), 

Fort Lauderdale, Florida, was to help students solve engi

neering problems and also to help students produce models 

that forecast the outcome of social trends, behavioral 

changes, and physical phenomena in our universe. The impor

tant new uses and interpretations of the relationship 

between science and mathematics in the Nova curriculum re

quired that students have a program designed for 20th 

Century Education. Thus, the Interrelated Mathematics and 

Science (I. M. S.) project was written and funded, Title 

III, to develop an interrelated approach to the learning 

of Mathematics and Science. 
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The objectives of the I. M. S. program were to 

design, develop, implement, evaluate, and revise as neces

sary an individualized learner-centered "Instructional 

System" documenting the system's superiority to traditional 

instruction in the areas of algebra and geometry in math

ematics; chemistry, biology, and physics in science. 

The system interrelated mathematics and science con

tent and yet retained the basic course structure vital to 

the individual subject, and was based on specific, measur

able performance objectives. The approach made maximum 

use of available "off the shelf" texts and materials in a 

manner that allowed the program to be easily adapted for 

use in any school. Also, the system utilized a basic set 

of sequenced Learning Activity Packages (LAPs) 1n both 

mathematics and science which enhanced individualization 

of instruction for all students. 

Since science could not stand by itself without some 

reliance upon mathematics and the study of mathematics was 

to some degree motivated by its application in science, it 

was only natural that any scope and sequence in science 

must depend to some degree on a scope and sequence in math-

ematics. It was e vident that these relationships if handled 
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properly could greatly benefit the students studying these 

disciplines; however, the investigators were careful in 

developing the system. It would have been very easy to 

allow this interrelationship to conceal or interfere with 

the basic natural structure inherent in each of the dis-

ciplines. In attempting to interweave the basic structures, 

it was found that the student's ability to proceed in science 

was dependent upon the progress he was making in mathematics; 

likewise, the student's meaningful understanding of applica

tion problems in mathematics depends upon his progress in 

science. 

This problem of dependence was an unavoidable situa

tion in the Nova School curriculum as in any school curric

ulum and had to be dealt with if the school was to indi-

vidualize instruction. 

In order to make use of the advantages inherent in an 

interrelated curriculum and yet avoid the forementioned 

problem, the system was designed to allow the student of 

mathematics to proceed at his own rate, applying the mathe

matics he had learned to problems of science, and to allow 

the science student to proceed at his own rate making max

imal use of his mathematics by applying it in the science 
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curriculum. This meant that the basic concepts of science 

had to be written in a manner which would allow students of 

varying degrees of mathematical ability to achieve some 

understanding of the concept; also, problems in science had 

to be written into the mathematics curriculum in such a 

manner that they were subject to analysis by various methods 

or levels of mathematics. 

The LAPs were designed (49) to allow students to 

become more independent of the teacher, thereby becoming 

more self-reliant, responsible, and involved in the learning 

process. The LAPs furnished customized educational sequences 

for the individual by allowing him to make selections from a 

variety of learning opportunities by way of media, resources, 

and activities. Since a wide range of student abilities 

were dealt with, many different pathways were provided for 

all students. The five basic ingredients of a LAP at Nova 

were: (1) rationale, (2) list of behavioral objectives, 

(3) pre-test, (4) activities, and (5) self-evaluation test. 

In summary, the learning activity package used in the 

Nova system was a highly structured programming of learning 

materials with the three essential and unique characteristics 

described in the following paragraphs: 



66 

1. The teacher was built into the LAP as an integral 

and indispensable part. He serves in the roles 

of guidance person, human relations agent, re

source person and, to a lesser degree, dispenser 

of information and evaluator. 

2. Opportunities for the student to make choices were 

built into the package. He could choose to take 

the pre-test or go directly to assignments within 

the LAP. He could choose which assignments to do 

for a specific objective, within the framework of 

those offered; and he could also choose to work 

to a greater depth. 

3. The components of the LAP seemed highly structured. 

On first inspection, one might think that a LAP 

provides little or no room for the individual and 

his special needs, but the reverse was true of 

the LAP. The structure of the LAP depended on 

clearly stated behavioral objectives or goals, 

which the student understood he was to accomplish 

in order to progress. Also, the LAP contained a 

highly structured assortment of media, modes, and 
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learning levels so that an individual student 

could choose a path most suitable to him in the 

meeting of the objectives and within certain 

restrictions regarding the depth to which he had 

chosen to work. Insel and Wantuck reported (49) 

in 1971, when all Nova seniors were required to 

take the Florida Twelfth Grade Placement Test, 

that while the mean quantitative apt i tude of the 

seniors was 70.1, the class mean percentile rank 

was 75.5. 

The system developed in mathematics at Broward 

Community College was based on the strengths predominantly 

attributed to the Nova and Postlethwait systems. The Nova 

systems primary strengths are: (l) alternate pathways to 

achievement at different levels, (2) continuous progress, 

and (3) continuous process evaluation. The Postlethwait 

system's obvious major strength is in materials and media 

development. 

This experiment was a part of the third phase in the 

development of a mathematics system of instruction better 

to meet the needs of the community college students within 

the parameters of the changing educational institution. 
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The first phase of the plan for development was the 

researched evaluation of the existing systems including 

revision and adoption of one system. The revised Nova 

system was adopted as a result of reviewing a number of 

systems. The second phase of the plan included previewing, 

evaluating, and the selection of one set of published 

materials for each of the remedial or "below college level 

courses." The third phase of the plan was to evaluate by 

controlled methods the adopted materials and system. The 

fourth phase of the development was to revise the materials 

and procedures according to the findings of Phase III. 

Phase III and IV of the plan are continuous. 

If we in education do not continue to change at a 

rate consistent with the changes of society, education in 

its present form may cease to exist. This projection was 

stated best by Goodlad (36, p. 15): 

Education and instruction are much bigger 
than schools. Schools are only a convenient 
means to more important ends, means that may 
no longer be relevant several decades from 
now. 



CHAPTER III. 

METHODS AND PROCEDURES 

The problem was to determine whether an audio-tutorial 

method of mathematics instruction was significantly differ

ent from the traditional type of mathematics instruction. 

An additional objective of this experiment was to determine 

if existing audio-tutorial materials could be improved for 

instruction of Intermediate College Algebra students and to 

evaluate the effects of these materials at Broward Community 

College under controlled conditions. 

This chapter describes the methods and procedures that 

were used to gather and analyze the data and consequently 

has been divided into the following five sections: 

(1) Selection of the Population for the Study, (2) Prepara

tion of the Materials, (3) Class Management and Experiment 

Execution, (4) Testing, and (5) Treatment of the Data. 

Selection of the Population 

Students at Broward Community College were counseled 

into mathematics courses on a basis of scores received on 

69 
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t h e Florida Twelfth Grade Placement Test (Mathematics 

Section) . Students who scored between the 30th and 60th 

percentile in mathematics were advised to take Intermediate 

College Algebra in lieu of pre-calculus, even though their 

chosen programs may have required pre-calculus. 

The population was the set of 805 Broward Community 

College students taking Intermediate College Algebra during 

Term I of the 1972-73 school year. Seven sections were 

randomly selected from the total of twenty-three sections 

offered. Students were randomly assigned to all sections 

of the population by the computer-scheduling service of 

the Data Systems Department of Broward Community College. 

Six sections were then assigned treatments. Three instruc

tors, T1 , T2 , and T3 , were randomly selected from ten 

instructors. Each of the instructors was randomly assigned 

to an experimental class and a control class. The sample 

was six sections of Intermediate College Algebra and con

tained 186 randomly chosen students. 

The experimental groups were taught by an audio

tutorial approach using specially prepared materials. The 

control groups were taught by the lecture method. 
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The Intermediate Algebra course is required of all 

students attending Broward Community College in the follow-

ing programs: 

Data Processing Technology 
Pre-Agricultural Science 
Pre-Child Development in Horne Economics 
Pre-Chiropractice 
Pre-Computer Systems/Science 
Pre-Educational Physical Education for Men 
Pre-Educational Physical Education for Women 
Pre-Elementary Education 
Pre-English 
Pre-Fashion Design in Horne Economics 
Pre-Fashion Merchandising in Horne Economics 
Pre-Food and Nutrition 
Pre-Health Education 
Pre-History 
Pre-Horne Economics Education 
Pre-Housing and Interior Design 
Pre-Journalism 
Pre-Marketing Management 
Pre-Medical Technology 
Pre-Nursing 
Pre-Occupational Therapy 
Pre-Physical Therapy 
Pre-Psychology 
Pre-Recreation 
Pre-Religion 
Pre-Secondary Education 
Pre-Social Welfare 
Public Administration 
Radiologic Technology Program 
Respiratory Therapy Technology 
Secretarial Teacher Aide Program 

Self-advised students had the option of taking Inter-

mediate College Algebra regardless of Florida Twelfth Grade 

Placement Test scores. Students often take Intermediate 
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Algebra because the course is accepted at the university 

level as a general education requirement even though their 

scores on the Florida Twelfth Grade Placement Test do not 

fall between the 30th and 60th percentile. 

Preparation of the Materials 

A meeting of all the Intermediate Algebra instructors 

at Broward Community College was held in April, 1971, to 

choose the texts, the course objectives, and the correspond

ing units to be covered in the experimental and control 

sections. The Intermediate Algebra by Newmyer and Klentos 

(67) was chosen as the text for the experimental groups. 

The text adopted, for the control classes, was Intermediate 

Algebra by Wooten and Drooyan (102) . 

With the concept of immediate reward within the 

experimental classes as a basis for student learning, an 

experimental text (67) was chosen which provided solution 

keys; thus, the students could correct their own work and 

discuss their errors with the instructor or peers on an 

individual immediate basis. The audio-tutorial method and 

text adoption made it necessary to develop supplemental 

materials which were used to adapt the experimental text 

and tapes to correspond to the traditional course chapter 
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objectives (see Appendix A). Each instructor during an 

April, 1971, meeting agreed to review the chosen experi

mental units and tapes, and suggest additional material 

needed to equate the content to be taught in the exper-

imental and control groups. It was these suggestions that 

led to the development of the supplemental materials, exer

cises, and overlays. One set of experimental materials 

was adopted by the faculty for use by all the instructors 

1n the study. 

Ten copies of each audio taped lesson were reproduced 

by the Broward Community College Resource Center. The ten 

copies were adequate for classes of 25 to 35 students. 

Student help was employed to reproduce cassettes and arrange 

them on racks to be used in the audio-tutorial laboratory. 

Each cassette had one unit on each side. 

Supplemental exercise sets were developed to accom

pany each unit. These exercise sets were provided in addi

tion to the commercially prepared materials and were intended 

to provide extra learning activities for the students who 

worked at a faster rate in each class. Individually pro-

grammed supplemental practice exercises were provided in 

the experimental text for i ndividual review work to supple

ment the unit material. 
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An audio-tutorial laboratory equipped with 20 audio 

booths was utilized adjacent to the Mathematics Department 

offices. Storage for tapes and lesson materials, equip

ment, and table and chair seating were assembled prior to 

the beginning of the experiment. 

The control groups did not require additional 

materials. The text was the only assigned resource. 

Class Management and Experiment Execution 

A teacher orientation was held for the purpose of 

standardizing the experimental and control treatments during 

the instructor planning days preceding the fall semester 

1972-73. First the experimental treatment and then the 

control treatment will be presented. The following instruc

tions were given to the instructors relative to the experi

mental treatment. 

The students will complete 16 units 1n the treatment 

format for the experimental groups. Each unit in the exper

imental text has been divided into the following parts: 

(a) Frames 

(b) Study Exercises 

(c) Review Exercises 

(d) Solutions to Review Exercises 
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(e) Supplementary Problems 

(f) Solutions to Study Exercises 

(a) Frames: Each unit consists of 20 to 40 frames. 
Each frame has a circled "frame number" located 
at the lower right-hand corner. The frames are 
to be studied as the student listens to the com
mentary on the audio tape. The circled "frame 
numbers" will help the student to keep the tape 
synchronized with the experimental text. 

(b) Studv Exercises: Some of the experimental text 
fr ames are devoted to study exercises. When the 
student comes to a study exercise, he will turn 
off the recorder. The exercises will be worked 
and the answers checked before the student turns 
the recorder on and proceeds to the next frame. 
If he does poorly on the study exercise, he will 
repeat that part of the unit. 

(c) Review Exercises: When the student comes to the 
end of the frames, he will turn off the recorder, 
do the review exercises, and check his answers 
with the ones immediately following. The review 
exercises are extremely important, in that they 
will be a measure of his understanding of the 
entire unit. If he doesn't do well on the re
view exercises, then he will go back and review 
the entire unit. 

(d) Solutions to Review Exercises: The solutions to 
the review exercises immediately follow the re
view exercises. They are, for the most part, 
detailed solutions. The student will compare 
his work carefully with the details of these 
solutions. Many of his mistakes can be under
stood and corrected in this section. 

(e) Supplementary Problems: Immediately following 
solutions to review exercises is a section of 
supplementary problems. There are no answers 
furnished for these problems in the text. The 
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instructor will use these for homework problems. 
The student should be encouraged to try as many 
of these as he .wishes. 

(f) Solutions to Study Exercises: At the end of each 
unit the student will find the detailed solutions 
to the study exercises which were located in the 
frames. Before he begins each unit with the re
corder, he will locate and mark this section for 
ready reference. As the student proceeds through 
the unit, he will be asked to work study exercises 
and to check his results with this section. 

The experimental groups were subjected to an orienta-

tion session during the second class meeting. While this 

was taking place, the control groups (those being taught by 

the lecture method) were given the course outline and the 

format of how the course was to be conducted. The experi-

mental groups' orientation dealt with two different aspects 

of the class. The first part of the orientation, presented 

by tape, dealt with giving the students instruction in the 

proper technique of operating the tape readers and the loca-

tion/arrangement of the necessary tapes. The second phase 

presented by the instructor concentrated on the proper 

mechanics a student must follow throughout the course. 

Those mechanics include the following instructions: The 

students were to go into the audio-tutorial laboratory and 

pick up a chapter assignment sheet and the tapes correspond-

ing to the lesson they were to study. The students were to 
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follow the explanation and directions given by the tape 

which corresponded to the textbook and assignment sheet. 

The assignment sheets contained materials and direc

tions which covered the entire unit. All students were to 

finish a unit within a given date. Each student was allowed 

to work at his own rate during this period of time, however, 

enough hours had to be devoted to the unit in order that 

the unit be completed by the set date. Any student who 

finished the material before the allocated time could do 

supplemental work or individual programmed materials for 

review. All students had a period of oral and blackboard 

review with the instructor before the final unit test was 

given. 

It was necessary at the beginning of each new unit 

for the students to attend class for i nstructions. This 

procedure enabled all the students to use one taped lesson 

at the same time. After the first day of each unit, the 

students for the same materials were considerably reduced. 

Each student in the experimental group was able to 

come to the audio-tutorial laboratory at any time from 

8:00 a.m. until 7:00 p.m. A work-study student served as 

the laboratory monitor. The monitor had charge of the 

materials and assisted with the equipment. 
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In the treatment format instructions presented to the 

instructors of the control groups, the students were to be 

instructed to try the examples, to read a section in the 

text, (102) Intermediate Algebra by Wooten and Drooyan, 

and to solve the examples before attending class. During 

the next class the students were to be presented a lecture 

on the materials, where the examples would be explained, 

with the blackboard as the major medium 7and assigned certain 

exercises to try alone; also, another section was to be 

assigned to read and the students were to be asked to 

attempt the examples. These assignments were to be due at 

the next class session. At the next session some of the 

assigned exercises would be discussed and the new material 

and examples explained, thus the cycle would be formed. 

Testing 

The testing was completed in phases. The pre-testing 

included the mathematics section of the Florida Twelfth 

Grade Placement Test (Form PRT) and the Otis Mental Ability 

Test, given at the beginning of the fall semester 1972-73 

school year. 

The audio-tutorial students were given an attitude 

questionnaire (Appendix B) requesting suggestions and 
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recommendations related to the audio-tutorial instruction 

at the termination of the sixteenth unit. 

Treatment of Data 

The major goal of the investigation was to compare 

the relative effectiveness of the audio-tutorial method of 

instruction to the traditional lecture method, as measured 

by the pre-post mathematics achievement test; intital dif-

ferences between the two groups were investigated with 

respect to the Otis Mental Ability Test. The experiment 

was designed to investigate whether the effectiveness of 

the two methods differed by two classifications, instruc-

tor, and sex of the students. 

Table 1 indicates the number of students contained 

in the three-way classification, group (experimental and 

control), by sex of the student, and by teacher T1, T2 , 

Group 

TABLE 1 
EXPERIMENTAL SUBJECTS BY TREATMENT, SEX OF 

THE STUDENTS, AND TEACHER T1, T2 , OR T3 

Male Female 
Tl T2 T3 Tl T2 T3 

Experimental 17 14 21 15 11 6 
Control 21 15 20 12 19 15 

-

Total 38 29 41 27 30 21 

Total 

84 
102 

186 



80 

The analysis for the experiment can be defined as a 

three-way analysis of variance. The repeated measures 

technique allowed a study of the performance of these six 

groups, which were unequal in size, over time. 

The main effects of this experiment consisted of 

treatment, sex of the students, and teacher. The measures 

of the experiment were the pre-test and post-test mathema-

tics achievement scores. 

The basic model of the experiment, including the 

effects and the sources of variability isolated in the 

experiment, may be illustrated as follows: 

yijkl 

yijkl 

M 

where the data is coded as: 

= Achievement score on the post-test 

Overall grand mean 

Ai = Effect of treatmen~ i = 1 for experimental 

T. 
J 

AT .. 
lJ 

2 for control 

= Effect of instructor, j = 1 for teacher 1, 
2 for teacher, 2, 3 for teacher 3 

= Effect of interaction of the ith group with 
jth teacher which is the error term for 
comparison of classes (eij) 

= Effect of sex of the student, k 
male, 2 for female 

1 for 
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ik 
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= Interaction effect of the ith treatment 
with kth sex of the student 

Interaction effect of the kth sex of the 
student with the jth teacher 

= Interaction effect of the kth sex of the 
student, jth instructor, and the ith 
treatment 

Random error 

The raw data relevant to this model was placed on 

code sheets and then punched and verified on IBM cards. 

The facilities of the Florida Atlantic University Computa-

tion Center were used to analyze all the data on a 360 IBM 

computer. For a description of the procedure applicable 

to the model used, refer to Winer (100, p. 337). A descrip-

tion of the computer program used to analyze the data may 

be found in, Multivariate Analysis of Variance on Large 

Computers, distributed by the Clyde Computing Service, 

Miami, Florida. 



CHAPTER IV. 

FINDINGS 

Introduction 

The findings of this study are based upon the results 

obtained by testing 186 students in the Broward Community 

College Mathematics Program and the students' responses to 

a questionnaire, administered to the experimental groups at 

the end of the experiment. 

In the findings related to this study, three categories 

are discernible: (l) Analysis of the Test Data, (2) Analysis 

of the Hypotheses, and (3) Response to the Questionnaire. 

Consequently, such a division has been made in reporting the 

findings. 

Analysis of the Test Data 

The seven null hypotheses set forth in Chapter I under 

the statement of the problem were to be tested. Also, two 

questions were to be considered. The discussion of the find

ings relative to the questions involve conclusions and con-

sequently will be treated in the final chapter. Information 

82 
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pertinent to the questions was obtained through the review 

of the literature, the examination of the responses to the 

questionnaire, and the analysis of the test data. 

The experiment was designed to compare performance of 

groups of students exposed to two different teaching tech

niques. The experimental groups were treated with an audio

tutorial instructional method while the traditional groups 

were treated with a traditional approach. A three-way 

analysis of variance with repeated measures was used to 

analyze the pre-post test data (100, p. 337). The factors 

were treatment, teacher, and sex of the student. and their 

interactions. Treatment (A) and sex (S) were fixed variables 

while teacher (T) was a random variable. A pre-test (Otis 

Mental Ability) was analyzed to determine whether differ

ences existed between the two groups. 

Individual differences among members within groups 

were suspected to influence each instructional technique. 

Otis Mental Ability Test, Form Am, was administered to the 

groups. The means and standard d eviation of the groups 

are exhibited in the following table. 
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TABLE 2 

MEANS AND STANDARD DEVIATION (OTIS) 

Teacher Sex Experimental Groups Control Groups 

OBS Means S.Dev. OBS Means S.Dev. 

Tl 
M 17 107.882 8.594 21 107.905 7.609 
F 15 108.467 11.167 12 106.667 8.752 

T2 
M 14 105.000 11.968 15 107.800 7.408 
F 11 108.00 13.088 19 107.947 11.886 

T3 
M 21 110 .571 9.558 20 106.200 8.288 
F 6 107.333 10.893 15 107.467 5.208 

The interpretation of the results of three-way analysis 

of variance of the Otis data was not significant; differences 

1n mental ability existed between the groups by sex, treat-

ment, teacher or their interactions. Each of the F ratios 

was ins ignificant at the .05 level. The results of the Otis 

analysis are presented in Table 3. 

TABLE 3 

THREE-WAY ANALYSIS OF OTIS Am 

Source ss DF MS F Signifi-
cant 

Within Cells 15898.73 174 91.37 
Treatment (Fixed) 29.61 1 29.61 .143 
Teacher (Random) 23.00 2 11.50 .126 
Sex (Fixed) 1.18 1 1.18 .093 
Treatment-Teacher 

Interaction 163.24 2 81.62 .893 
Treatment-Sex 

Interaction 1.08 1 1.08 .021 
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TABLE 3--Continued 

Source ss DF MS F 
Signifi 

cant 

Treatment-Teacher-
Sex Interaction 101.90 2 50.95 .558 

F d-.. = .051 dfl I 2 = 18.51 F e}.._ .051 dfl 1 174 = 3.84 

FA = MSA/ MSAT FAS = MSAS/ MSATS 

FT = MST/ MSS/ ATS FTS = MSTS/ MSS/ ATS 

Fs = MSs; MSTS FATS = MSATS/ MSS/ ATS 

FAT = MSAT/ MSS/ ATS 

*S i gnificant 

Achievement Tests 

The groups were pre-tested using the Florida Twelfth 

Grade Placement Test, Form PRT and post-tested using the 

Florida Twelfth Grade Placement Test, Form NRT. The Forms 

PRT and NRT have reliability coefficients of .905 and .909, 

respectively, and have a correlation of .915 for the mathe-

matics portions. The means and standard deviations of the 

12 classifications are displayed in Table 4. 
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TABLE 4 

PRE-TEST AND POST-TEST MEANS 
AND STANDARD DEVIATION 

Teacher Sex Stat. Experiment Groups Control Groups 

OBS Pre- Post- OBS Pre- Post-
Test Test Test Test 

.. -
M X 17 62.70 74.76 21 56.52 62.71 

S.D. 12.75 15.34 17.57 13.65 

Tl 
F x 15 60.93 74.26 12 53.33 58.33 

S.D. 25.12 18.56 24.74 22.94 

M X 14 52.21 64.14 15 49.60 60.36 
S.D. 20.75 23.78 17.54 21.30 

T2 - 11 45.81 66.36 19 53.15 64.36 F X 

S.D. 24.75 20.85 36.96 28.85 

-
M X 21 55.66 68.90 20 47.80 58.05 

S.D. 21.91 21.30 16.97 19.22 

T3 
F X 6 54.83 71.83 15 59.33 65.33 

S.D. 8.79 13.49 16.35 21.38 

Analysis of the Hypotheses 

In order to analyze the pre-post test results in this 

mixed design with repeated measures, the following three 

basic questions had to be answered: (l) Was the treatment 

effect over time significant? (2) Was the linear trend 

over time without regard to treatment significant? (3) Were 

the respective linear trends of the experimental and con-

trol treatments significantly different? 
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Analysis of Linear Trends 

The repeated measures design allowed for a measure 

of the students' progress without regard to treatment over 

time. The time constant variable was denoted N. The re-

sults of the pre-test and post-test analysis over time are 

presented in Table 5. 

TABLE 5 

ANALYSIS OF PRE-TEST POST-TEST OVER TIME 

Source ss DF MS F Sign if 
icant * 

Within Cells 17674.809 174 101.579 
AN Treatment 717.818 1 717.818 7.067 * 
TN Teacher 275.421 2 137.711 1. 356 
SN Sex 23.843 1 23.843 .235 
ATN Interaction 14.235 2 7.117 .070 
ASN Interaction 185.068 1 185.068 1.822 
TSN Interaction 103.261 2 51.631 .508 
ATSN Interaction 36.911 2 18.456 .182 

Within + Resid. 17711.720 176 100.635 
W-9 11176.132 11176.132 11.056 * 

F o<. = .05 wi th appropriate df. 

The analysis of the Pre-Post Test data i ndicated a 

significant linear trend, over time without regard to treat-

ment denoted W-9 in Table 5, and that the treatments effects 

were significant over time denoted AN in Table 5. The 
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significance of these results are discussed 1n the conclu

sions chapter. 

Treatment Analysis 

The seven null hypotheses were tested, as a part of 

the overall analysis of the study. The i nterpretation of 

analysis results lead to the rejection of the first hypoth

esis, as stated in Chapter I--There is no significant dif

ference in the mathematics achievement of the audio-tutorial 

and traditionally taught students. All the other hypothesis 

were accepted. They were as follows: (2) Differences 

between teachers did not significantly affect mathematics 

achievement. (3) There is no significant difference in the 

mathematics achievement of male and female students. 

(4) The interaction of teaching technique and teacher had 

no significant effect on the mathematics achievement. 

(5) The interaction of sex of student and teaching tech

niques had no significant effect on the mathematics achieve-

ment. (6) There is no significant interaction between 

teacher and sex of the students for mathematics achievement. 

(7) The interaction of sex of student, teacher, and treat

ment had no significant effect on the mathematics achievement. 
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Table 6 1s a display of the three-way analysis of the re-

peated, pre and post, measures. 

TABLE 6 

THREE-WAY ANALYSIS OF VARIANCE OF PRE-POST 
TEST REPEATED MEASURES RESULTS 

Source ss DF MS F 

Within Cells 64794.797 174 372.384 
A Treatment 1492.740 1 1492.740 4.009 
T Teacher 997.941 2 498.971 l. 340 
S Sex 159.901 1 159.901 .429 
AT Interaction 675.374 2 337.687 .907 
AS Interaction 201.54 7 1 201.54 7 .541 
TS Interaction 499.845 2 249.922 .671 
ATS Interaction 242.601 2 121.301 .326 

F o<. .05 with appropriate df. 

Discussion 

Sign if-
icant* 

* 

The time trends were linear functions since the re-

peated measures involved two values. Since both the exper-

imental and control groups showed significant gains in 

achievement over time, as well as a significant linear 

effect, the following were possibilities in comparing per-

formance of groups: (l) The experimental and control groups 

could have had pre-test means significantly different, post-

test means significantly different, and the first derivatives 
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of the linear trend functions equal, Figure la. (2) The 

two groups could have had no significant difference in 

pre-test means, the post-test differences insignificant, 

and the first derivatives of the linear trend functions 

unequal, Figure lb. (3) The groups may have had signifi-

cantly different pre-test means, significantly different 

post-test means, and unequal first derivativffiof the 

linear trend functions, Figure ld. 

Figure 1 illustrates graphically the foregoing pos-

sibilities: 

K r::: Experimental L = Control trend 
s = Score-axis T Time-axis 

a. s b. s 

~ 
~ L 

T T 
Pre Post Pre Post 

c. s d. s 

~ 
~--------------T 

Pre Post Pre Post 

Figure 1.--Comparisons pre-post test means 
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Obviously Figure la does not represent the experi

ment. The linear trends are equal, which contradicts the 

analysis of variance of the pre-post test data displayed 

in Table 6. Likewise, in Figure lb the groups are ini

tially equal on the pre-test; thus, Figure lb does not 

symbolize the experiment since, from Table 7, the groups 

were not equal on the pre-test. Clearly Figure lc does 

not represent a possible outcome of the experiment since 

both groups showed a significant gai n in achievement. 

Referring to Table 5, Table 6, and Table 7, it is clear 

that Figure ld best represents the relationship of the 

pre-post test means. The initial means were significantly 

different, the derivatives of the repeated measures func

tions were unequal, and there was a significant linear 

trend. Also, from Table 6, the derivative of the linear 

pre-post test trend for the experimental group was a sig

nificantly larger positive number than the derivative of 

the pre-post test linear trend for the control group. 

Both the experimental and control groups made significant 

gains in achievement; however, the achievement of the 

experimental groups was significantly greater than the 

achievement of the control groups. 
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Table 7 displays the pre-test and post-test means 

between the experimental and control groups. 

TABLE 7 

BETWEEN GROUPS PRE-POST TEST MEANS 

Pre-test Post-test Gain 
Means Means Score 

Experimental Group 55.36 70.05 14.69 

Control Group 53.29 61.56 8.27 

When the derivatives of the pre-post test trends 

over time were investigated by treatment, se~ and teacher 

classification the i nteractions were not significant. 

In summary the significant differences in achievement 

found between the two treatments can truly be attributed to 

the treatment effects since the testing of the hypotheses 

relative to the treatment was rejected at the .05 level 

and all the other main effects and the interactions were 

not significant at the .05 level. 

Response to the Questionnaire 

Continual evaluation was critical to the decision-

making process for improving the audio-tutorial technique 

used in this study. An integral part of the evaluation 
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was the students' reaction to the teaching technique and 

quality of materials used in the experiment. The ques

tionnaire (Appendix B) was organized to help the students 

arrive at a total assessment of the course. This instru-

ment was concerned with several different components of 

the course: tapes, chapter reviews, text and examples, 

listening centers, execution, and total system. Students 

were asked to respond to the multiple-choice questions, 

and were also encouraged to make comments about any facet 

of the course. These comments were used in reorganizing 

some areas of the course for the next semester. 

The questionnaire was administered to the experi

mental groups. The experimental groups were comprised of 

a total of 84 students. The students' cooperation was 

evident by their willingness to respond and the thought 

that was projected by their comments on the open questions. 

The results of the questionnaire are presented in 

six discernible sections; the responses relative to the 

tapes, the class execution, text, reviews, listening cen

ters, and total system. 
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Items l-7 

The questionnaire began with seven multiple choice 

items which sampled the students' opinion on the tapes and 

their utilization. Item 20 was an open appeal for addi-

tional suggestions to improve the tapes. To the question 

regarding the taped presentation of the information, 41 

students felt the material was presented adequately, while 

28 indicated it was presented too quickly, and 15 felt it 

was given too slowly. Sixty-nine students felt the infor

mation presented on tape usually prepared them to study 

the material properly, 13 indicated that it was acceptable 

only part of the time. Two students felt the tape never 

adequately prepared them. 

When questioned concerning the number of times the 

whole tape was replayed, the students indicated that: 8 

never replayed it entirely; 13 replayed it once; 21 twice; 

and 46 three or more. On the other hand, 23 of the stu

dents replayed part of a tape often, while 36 indicated 

that it was seldom that they replayed part of a tape, and 

25 never replayed just part of a tape. It was indicated 

by Item 5 that as the course progressed, 38 students re

played parts of the tapes more often than at the beginning 
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of the year, 25 played them about the same number of times, 

and 21 tended to play them less often. 

Sixty-three students indicated they were usually 

helped to understand the assigned exercises with the tape 

explanations, 20 students were always helped, and 3 indi-

cated that they were seldom able to relate the taped com-

ments to the assigned exercises. Fifty-six students felt 

they always had an opportunity to ask questions over any 

area of the tape they did not understand while 20 students 

felt they usually had an opportunity, and 8 students felt 

that there were seldom enough opportunities to ask ques-

tions. 

TABLE 8 

THE FREQUENCIES OF THE MULTIPLE CHOICE 
ITEMS CONCERNING THE TAPES 

1. On the tape, was the information presented: 

a. Too quickly b. About right c. 
28 52 

Too slowly 
15 

2. Did the taped instructions prepare you to study the 
material properly? 

a. Usually 
69 

b. Sometimes 
13 

c. Never 
2 

3. How many times did you replay a whole tape? 

a. Never b. Once c. Twice d. Three times or more 
8 13 21 46 
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TABLE 8--Continued 

4. How many times did you replay a part of a tape? 

a. Often 
23 

b. Seldom 
36 

c. Never 
25 

5. How much did you replay parts of the tapes toward the 
end of the semester compared to the beginning of the 
course? 

6. 

a. More often 
38 

b. About the same 
25 

Did the explanations on the tape help 
the assigned exercises? 

a. Always b. Usually 
20 63 

c. Less often 
21 

you to understand 

c. Seldom 
3 

7. Did you have an opportunity to ask questions over areas 
presented on tape which you did not understand? 

a. Always 
56 

Item 19 

b. Usually 
20 

c. Seldom 
8 

The students were asked to react to the following 

open questions, "What suggestions do you have for improving 

the quality of the tape contents or their use?" The re-

sponses relative to the tapes were categorized into: no 

response; need greater explanation of tape content; need 

additional prepared tapes; and need additional audio-tutorial 

booths and tape readers for all students. Table 7 indicated 

that 55.95 percent of the respondents had no additional 
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suggestions. Twenty-three and eighty-one hundredths per-

cent felt that additional explanation was needed of the 

tape content. Eight and thirty-three hundredths percent 

of the students felt that additional audio-tutorial booths 

and tape readers were needed. 

Seven students felt the quality of the tape record-

ings needed improvement; three students felt a need for 

additional copies of the tape. 

TABLE 9 

SUGGESTIONS FOR IMPROVEMENT OF THE AUDIO
TUTORIAL TAPES AND THEIR USE 

Suggestions 

No response 

Need greater explanation of the 
tape content 

Need additional audio-tutorial 
booths and tape readers 

Tape recordings (voice not 
clear, instructions too 
fast, sound improvement 
needed 

Need additional copies of the 
tapes 

TOTAL 

Number 

47 

20 

7 

7 

3 

84 

Percent 

55.95 

23.82 

8.33 

8.33 

3.57 

100.00 
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Items 8 and 9 

It was necessary at the beginning of each instruc-

tional unit for all students in a class to share one tape. 

The total classroom presentation was referred to as the 

listening center. When asked if they would prefer to use 

the tape alone, 52 students responded yes, 24 chose the 

listening center, and 8 indicated they had no preference. 

When asked to give their opinion aboutthe listening cen-

ters, 36 students felt they were inadequate, 46 felt they 

were adequate, and 2 thought the centers were excellent. 

The most common criticism indicated by the open students 

was: "Students work at different rates which results 1n 

too much confusion when the tapes are replayed." 

TABLE 10 

RESPONSE TO LISTENING CENTER 

8. Do you prefer to use a tape alone or in a group? 

a. Alone b. Group c. No preference 
52 24 8 

9. Please express your opinion about the use of the listen-
ing center. 

a. Inadequate b. Adequate c. Excellent 
36 46 2 
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Items 10 and 11 

In an effort to assess the effects of the experimental 

text, the students were asked if the examples in the exper-

imental text were presented in a helpful way. Seventy-six 

of the students felt they were helpful and eight students 

felt that they were not presented clearly. The examples 

in the experimental test were designed to cover the material 

that in a traditional classroom would be presented on the 

blackboard by the instructor. The students were asked if 

the examples in the experimental text were adequately pre-

sented. Fifty-two students felt that the text examples 

adequately covered the materials while 26 students felt the 

examples were inadequate. 

TABLE 11 

RESPONSES TO THE TEXT 

10. Were the examples presented in the text helpful to you 
in your study of the material? 

a. Yes 
76 

b. No 
8 

11. The examples in the text were designed to cover the 
material the teacher usually writes on the blackboard. 
Do you feel the examples were presented adequately or 
inadequately? 

a. Adequately 
52 

b. Inadequately 
26 
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These numbers were consistent with the responses of 

the students to the open Item 20 where it was indicated by 

22 students that the text should include more examples. 

Items 12 and 13 

The response to these items indicated that the review 

sessions, conducted before the unit examination, were a 

beneficial part of the audio-tutorial program. With only 

11 exceptions, the students thought the review periods were 

helpful. 

Seventy-three of the 84 students responding to the 

usefulness of the unit review felt it was useful while 9 

students felt that the review was usually helpful and 2 

students felt it was seldom helpful. When asked their 

preference, 74 students indicated they would rather review 

with the entire class than in groups of 8 to 10 students, 

while 10 students felt that groups of 8 to 10 were more 

advantageous. 

12. 

TABLE 12 

RESPONSES TO REVIEW SESSIONS 

Did you think the oral class review at the 
chapter was helpful? 

a. Always b. Usually 
73 9 

end of each 

c. Seldom 
2 
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TABLE 12--Continued 

13. Which do you prefer in reference to the review ses-
sions--a group size of 8 to 10 students or the entire 
class? 

a. 8 to 10 students b. Entire class 
10 74 

Items 14-17 

The final items on the questionnaire were designed 

to gather information about the student's assessment of 

his progress and his general attitude toward the audio-

tutorial approach to instruction. Fifty-six students felt 

they knew their classmates and teacher as well as they did 

in their other classes. Twenty-five students felt they 

knew them better, and only three felt they knew them less 

well. In comparing grades received to effort expended, 50 

students thought their grades were equal to their effort. 

Twelve students felt their grades were higher than antici-

pated and 22 students felt their grades were lower than 

their effort warranted. However, 15 students considered 

the course a success, 61 students a partial success, and 8 

students viewed the experience a failure. Forty-three 
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students felt the method of teaching was average, 26 good, 

10 excellent, and 5 students felt the method was poor. 

TABLE 13 

RESPONSE TO METHOD AND SUCCESS 

14. Compared to your other classes, do you know the class 
members and teacher 1n this class: 

a. Better 
25 

b. As well 
56 

c. Less well 
3 

15. How were your test grades compared to your expended 
effort? 

a. Higher 
12 

b. Equal 
50 

c. Lower 
22 

16. How do you consider this semester of Algebra? 

a. Complete success 
15 

b. Partial success 
61 

c. Failure 
8 

17. What is your opinion of the audio-tutorial method for 
teaching Algebra? 

a. Poor 
5 

Item 18 

b. Average 
43 

c. Good 
26 

d. Excellent 
10 

The purpose of this question was to assess the students' 

feelings toward the audio-tutorial method of instruction and 

to collect additional suggestions which would aid in decision-

making relative to appropriate changes in the system. 
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Table 13 reports the findings of the students' choice 

of teaching technique. The data indicated that 80.95 per-

cent of the respondents preferred the audio-tutorial method 

of instruction while only 16 percent preferred the tradi-

tional method. 

TABLE 14 

RESPONSES OF STUDENTS TO THE CHOICE OF TRADITIONAL 
CLASSROOM INSTRUCTION OR AUDIO-TUTORIAL INSTRUCTION 

Response Number Percent 

Preferred audio-tutorial 
instruction 68 80.95 

Preferred the traditional 
instruction 16 19.05 

No preference 0 00.00 

TOTAL 84 100.00 

Item 19 

Item 19 was discussed in the section concerning the 

use of tapes. 

Item 20 

The number and percent of students who had additional 

suggestions, not covered by other questionnaire items, for 

improvement of the course were described in Table 14. This 
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information revealed that 64.29 percent of the students 

had no additional suggestions. Twenty-eight and fifty-one 

hundredths percent of the students felt that the text 

should include more examples. 

TABLE 15 

SUGGESTIONS FOR THE IMPROVEMENT OF THE AUDIO
TUTORIAL METHOD OF INSTRUCTION 

Suggestions Numbe r Percent 

No response 54 64.29 

The text should include more 
examples 22 26.09 

Need additional time to com-
plete class exercises 5 5.95 

All students should complete 
each unit of work before 
an examination 2 2.38 

Eliminate some of the class-
room confusion 1 1. 29 

TOTAL 84 100.00 

Item 21 

The item was designed to give the students a chance 

to react to any segment of the program not covered by the 

other items and to reflect on the total program. The 

general question asked the students to give their opinion 

regarding the overall course. The responses indicated 
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that the attitudes of students toward the method were good. 

Several sample comments were as follows: "I always knew 

what I was supposed to do," "It keeps me busy all the 

time," "I like to work alone," "Method very good," "I 

wish I had courses of this type in high school," and "You 

can't replay the teacher." Dissenting comments range from 

"I don't like it at all," "Too much confusion," "When 

you replay the tape, it says the same thing," and "I would 

like to have a teacher lecture." The other comments were 

repetitious of responses already discussed. Only 4 of the 

22 students responding to Item 21 reacted negatively. 

A post-course meeting was held with the purpose of 

sharing teacher views as to the weaknesses and strengths 

of the audio-tutorial approach. The concerns voiced in

volved administration of materials. Examples of these 

concerns were as follows: (1) need for more tape copies, 

(2) need for additional laboratory space, (3) need for 

text copies in the Resource Center. The i ndicated strengths 

of the approach were as follows: (1) several students who 

probably would not have been able to progress at a group 

pace, were able to succeed by putting forth more effort and 

coming often to the laboratory during their unscheduled 
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class time, (2) there was more student-teacher contact, 

(3) the students were able to work at their own rate within 

an assigned time frame and unit of work, (4) students were 

able to review the difficult concepts as many times as 

needed. 



CHAPTER V. 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The objectives of this chapter presentation are to 

summarize; to report the interpretation of the findings of 

the study in regard to the questions and hypotheses pre

sented in Chapter I; t o make specific recommendations to 

the Broward Community College Mathematics Department based 

on the review of literature and the interpretation of the 

findings; and to make recommendations for further research. 

This chapter is, consequently, divided into four categories: 

(1) A Summary of the Problem, Procedures, and Findings, 

(2) Limitations, (3) Conclusions, and (4) Recommendations. 

Summary 

The problem of this study was to compare the effects 

of an audio-tutorial method and a traditional lecture method 

of instruction in Intermediate College Algebra and to deter

mine how the commercially-prepared and teacher-made audio

tutorial materials should be revised or altered. More 

107 
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specifically, two questions were asked: I) Can a course 

in Intermediate College Algebra be developed which utilizes 

the audio-tutorial method of teaching effectively? II) How 

do the audio-tutorial experiences affect the students' 

attitudes toward the Intermediate College Algebra course? 

It was also necessary to test the following null 

hypotheses: (l) There is no significant difference in the 

mathematics achievement of the audio-tutorial and tradi-

tionally taught students. (2) Ditferences between teachers 

did not significantly affect mathematics achievement. 

(3) There is no significant difference in the mathematics 

achievement of male and female students. (4) The inter-

action of teaching technique and teacher had no significant 

effect on the mathematics achievement. (5) The interaction 

of sex of student and teaching technique had no significant 

effect on the mathematics achievement. (6) There is no 

significant interaction between teacher and sex of students 

for mathematics achievement. (7) The interaction of sex of 

student, teacher, and treatment had no significant effect 

on the mathematics achievement. 

The sample studied consisted of 186 students randomly 

selected from 805 (84 in the audio-tutorial sections; 102 
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in the traditional sections) enrolled in Intermediate 

College Algebra in the Broward Community College during 

the first semester of the 1972-73 school year. The tradi

tional group was taught by the lecture method of instruc

tion, and the experimental group was taught by the audio

tutorial technique using specially adapted materials and 

procedures. 

The Broward Community College Testing Department 

administered the tests. The Otis, Form Am, was adminis

tered to determine whether initial student differences 

existed between groups. Two equated forms, PRT and NRT, 

of the Florida Twelfth Grade Placement Test, Mathematics 

Section, were used respectively as the pre- and post

achievement test. The PRT and NRT have reliability coeffi

cients respectively of .905 and .909 and a correlation of 

.915. An attitude questionnaire was administered to the 

experimental groups to gather suggestions for improvement 

of materials and process used in the audio-tutorial 

approach. 

The Otis data was treated with a three-way analysis 

of variance. The dependent measure was the Otis test score. 

The interpretation of the Otis analysis results indicated 
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no significant differences in mental ability existed 

between the experimental and control groups. 

A three-way analysis of variance with a repeated

measures design was used to treat statistically the pre

and post-test data. Three questions had to be answered in 

order to analyze the pre-post test results. The questions 

were as follows: (1) Was there a significant linear trend 

over time period? (2) Were there significant treatment 

effects over time? and (3) Were the treatments signifi

cantly different as to their effects on mathematics 

achievement? 

The first two questions were answered affirmatively 

through the interpretation of the results of the analysis 

of the pre-post test data with the addition of the time 

variable N. There were significant linear trends and the 

treatment effects were significant. In regard to the 

third question, the interpretation of the three-way analy

sis of the pre-post test scores lead to the rejection of 

the first hypotheses as stated in Chapter I. The other 

stated hypotheses, two through seven, were accepted; thus, 

the third question (Were the treatments significantly dif

ferent?) was answered affirmatively. 
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An attitude questionnaire was administered to the 

experimental groups. The instrument was designed to gather 

information relative to the students' total assessment of 

the audio-tutorial course. The majority of the students 

indicated that they were pleased with the quality and use 

of the tapes. Of the 84 students, 43 felt the method of 

teaching was average, 26 good, and 10 students felt the 

method was excellent. When asked their preference in 

teaching method, audio-tutorial or traditional lecture, 68 

of the 84 students preferred the audio-tutorial method. 

When the students were asked to make suggestions for 

improvement of the audio-tutorial method, 54 students had 

no response, 22 students felt the text should include more 

examples, and 5 students felt additional time was needed 

to complete the exercises. 

Limitations 

This study was limited to 186 students randomly 

selected from 805 students enrolled in Intermediate College 

Algebra at Broward Community College. Intermediate College 

Algebra is a course designed to prepare students to take 

the pre-calculus sequence and any conclusion drawn from 

the study should not be generalized beyond this group. 
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This study examined two methods of instruction-

audio-tutorial and traditional lecture procedure. Any com

parison of instructional methods must be limited to these 

parameters. 

The content covered in the course under study focused 

upon concepts and material found in Units 1 through 16 in 

the textbook (67). The specific topics completed by the 

control and experimental groups were as follows (see 

Appendix A) : 

Unit 1: Introduction to Sets 

Unit 2 : Graphs of the Number Line 

Unit 3: Review of the Field Properties - Part I 

Unit 4: Review of the Field Properties - Part II 

Unit 5: Factoring 

Unit 6: Fractions 

Unit 7: Exponents 

Unit 8: Radicals 

Unit 9: Solution Sets of Linear Equations 

Unit 10: Solution Sets of Quadratic Equations 

Unit 11: Relations and Functions 

Unit 12: The Linear Functions 

Unit 13: The Quadratic Function 
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Unit 14: Conic Sections 

Unit 15: Variation 

Unit 16: Inverse Functions 

These units were only 16 to 29 in the experime ntal 

text; consequently, discussions about methods of instruc

tion for this course must be restricted to these specific 

topics . 

The Learning Laboratory available for this experi

mental approach did not contain a sufficient number of 

individual study carrels and cassette readers for the 

purpose of this study. Only 17 individual student study 

carrels were available, and this necessitated the entire 

class listening to a tape as a group without headphones 

during the beginning of each new unit. 

Another limitation was the number of hours a day and 

days per week which the audio-tutorial laboratory was avail

able to the students outside of their regularly scheduled 

class period. The Learning Laboratory was opened at 8:00 

a.m. and closed at 7:00p.m., Monday through Friday. 

Because of this, it is probable that several students did 

not have an opportunity to use the laboratory at night 

because of work or other obligations and responsibilities. 
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Conclusions 

The investigation of the findings is partitioned due 

to the two major categories of the findings. The first 

aspect of the conclusions deals with the first question 

and the corresponding hypotheses and the second aspect of 

the conclusions deals with the second question and the 

corresponding responses on the attitude survey. 

The first question was: Can a course in Intermedi

ate College Algebra be developed which utilizes the audio

tutorial method of teaching that will effectively aid 

learning for the community college student? 

On the basis of the interpretation of the findings 

in this investigation related to the null hypotheses, the 

following conclusions seem evident: 

1. The audio-tutorial method of instruction of 

Intermediate College Algebra resulted in a sig

nificant increase in the students' achievement 

as measured by the Florida Twelfth Grade Place

ment Test. 

2. The students taught by the audio-tutorial method 

of instruction performed significantly better 

than students taught by the traditional method 

of instruction. 
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From the results of this investigation it can be 

concluded that a course in Intermediate College Algebra 

can be developed using the audio-tutor ial approach that 

will effectively aid learning for the community college 

student. 

The second question was: How do the experiences 

with this audio-tutorial teaching technique affect the 

students' attitude toward the course: Several indications 

of improvement in attitude toward mathematics and increased 

motivation carne from the questionnaire which paralleled 

the finding in the review of literature. Comments by the 

students expressing favor for the program were: "I wish 

I had had courses of this t y pe in high school," "It keeps 

me busy all the time," "I like to work alone," and "You 

can't replay the teacher." Another indication of positive 

attitude was that 76 of the 84 students in the audio-

tutorial group considered this course in mathematics some 

form of a success. When questioned concerning their pref

erence, 80.95 percent of the students in the audio-tutorial 

group preferred this type of instructional organization. 

Thus, it was concluded f rom the results of the 

questionnaire that the audio-tutorial instructional approach 
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had a positive effect on the students' attitude toward 

the course. 

Finally, a post-course evaluation meeting with the 

teachers indicated: (1) Several students who probably 

would not have been able to progress at a group pace were 

able to succeed by putting forth more effort and coming 

often to the laboratory during their unscheduled class 

time. (2) There was more student-teacher contact. 

(3) The students were able to work at their own rate 

within an assigned time frame and unit of work. (4) Stu-

dents were able to review the difficult concepts as many 

times as needed. 

Recommendations 

On the basis of this study and the audio-tutorial 

approach techniques suggested in the literature, the fol

lowing recommendations are made specifically for the Inter

mediate College Algebra classes at Broward Community College: 

1. The audio-tutorial method of i nstruction should 

be utilized to teach Intermediate College Algebra 

at Broward Community College. 

2. The facilities of the audio-tutorial laboratory 

should be expanded so that each i ndividual might 
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have a study carrel and a cassette reader. This 

would also eliminate much of the confusion which 

resulted in the large group listening session at 

the beginning of each unit for one class period. 

3. A retention test should be administered to the 

students completing the course to determine if 

there i s a difference in the retention of the 

two groups. 

4. If the audio-tutorial technique 1s used again, 

or if other mathematics classes are taught by 

this procedure, related overlays and extra 

materials should be developed and experimentally 

tested. 

5. A comprehensive questionnaire should be developed 

to determine students' attitudes toward the 

audio-tutorial technique. 

6. Recycle materials should be developed utilizing 

d ifferent media so that unsuccessful students 

could use different materials in their second 

attempt to achieve the content objectives. 
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Recommendations for Further Research 

This experiment was part of the evaluation process 

being used to improve the mathematics program at Broward 

Community College. Rather than generalizing the findings 

of this study, on this course, to other courses in the 

program, the following recommendations are made: 

1. Investigate each course in the total program 

with a similar design. 

2. Within each course, investigate the effects of 

different sequences in presentation, as they 

affect achievement. 

3. Replicate the study. This would provide an 

opportunity to further validate these findings. 

4. Complete a similar study using recycle-materials 

and removing the time frame. 

5. Implement a similar type of study involving more 

visual materials. Several possibilities exist 

for single concept films, movies, television, 

and filmstrips. 

6. Develop an extensive Algebraic Skills instrument 

and a corresponding computer program to print-out 
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individual and group profiles. The program 

should provide for each skill, the class mean, 

the variance, and the standard deviation. 

7. Test the materials and procedures involving the 

profiles as to effects on student achievement. 
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APPENDICES 



Foreword to the Appendices 

Appendix A contains a correspondence sheet of the 

chapters in the control text to units in the experimental 

text, which are the guides to the specific material com

pleted during this project. 

Appendix B is a reproduction of the questionnaire 

which was submitted to the students. 

Appendix C is an itemized listing of the costs in

curred in implementation of the audio-tutorial approach to 

teaching Intermediate College Algebra for this project. 

Appendix D is a diagram of the audio-tutorial labo

ratory as developed by Broward Community College Resource 

Department. 

A complete set of the materials that were used in 

the experiment is on file in the Mathematics Department, 

Broward Community College, Fort Lauderdale, Florida 33314. 
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APPENDIX A 

The Corresponding Chapter and Section -
Unit and Frame of the Two Intermediate Algebra Texts 

Intermediate Algebra by Intermediate Algebra b y 
Wooten and Drooyan Newmyer (Audio-tutorial Text) 

Chapter and Section Unit and Frame 

1.1 and 1.2 Unit 1 
1.3 Unit 2, Frames 1 - 24 
1.4 and 1.5 Unit 3· I Unit 2, Frames 25 -28 
1.6 and 1.7 Unit 4, Frames 1 - 22 
2.1 and 2.2 Unit 4, Frames 18 - 42 
2.3 - 2.6 Unit 5 
3.1 - 3.7 Unit 6 
4.1 and 4.2 Unit 7, Frames 1 - 18 
4.3 Unit 7, Frames 48 - 54 
4.4 Unit 7, Frames 19 - 47 
4.5 - 4.7 Unit 8 
4.8 and 4.9 Unit 26, Frames 1 - 36 
5.1 - 5.3 Unit 9, Frames 1 - 25 
5.4 Unit 9, Frames 29 - 31 
5.5 Unit 21, Frames 24 - 34 
5.6 Unit 9, Frames 32 - 38 
5.7 Unit 1, Frames 24 - 35; 

Unit 9, Frames 26 - 28; 
Unit 21, Frames 39 - 47 

6.1 - 6.4 Unit 10; Unit 26, Frames 37-40 
6.5 Unit 21, Frames 13 - 19 
6.6 Unit 21, Frames 20 - 23 
6.7 Unit 211 Frames 48 -55 
7.1 - 7.3 Unit 11; Unit 12, Frames 1-14; 

Unit 21, Frames 35 - 38 
7.4 - 7.5 Unit 12, Frames 15 - 46 
8.1 and 8.3 Unit 13 
8.2 and 8.4 Unit 4 
8.5 Unit 15 
8.6 Unit 16 
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APPENDIX B 

Audio-Tutorial Questionnaire 

December l, 1972 

You have been part of an experiment 1n the teaching 

of Intermediate Algebra by the audio-tutorial approach. 

In order to make improvements in the course, we ask that 

you give your impression of the course. Please mark the 

choice on the IBM card which is closest to your opinion, 

and write your added suggestions on the provided paper. 

l. On the tape, was the information presented: 

a. Too quickly 
28 

b. About right 
52 

c. Too slowly 
15 

2. Di d the taped instructions prepare you to study the 
material properly ? 

a. Usually 
69 

b. Sometimes 
13 

c. Never 
2 

3. How many times did you replay a whole tape? 

a. Never 
8 

b. Once 
13 

c. Twice 
21 

4. Di d you replay a part of a tape? 

a. Often 
25 

b. Seldom 
36 

d. Three times or more 
46 

c . Never 
25 
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5. Compared to the beginning of the course, how much did 
you replay parts of the tapes toward the end of the 
semester? 

a. More often 
38 

b. About the same c. 
25 

Less often 
21 

6. Di d the explanations on the tape help you understand 
the textbook material clearly? 

a. Always 
20 

b. Usually 
63 

c. Seldom 
3 

7. Did you have an opportunity to ask questions over areas 
presented on tape which you did not understand? 

8. 

9. 

a. Always 
56 

Do you prefer 

a. Alone 
52 

Please express 
centers. 

a. Inadequate 
36 

to use 

y our 

b. Usually 
20 

a tape alone 

b. Group 
24 

opinion about 

b. Adequate 
46 

or in a 

the use 

c. Seldom 
8 

group? 

c. No preference 
8 

of listening 

c. Excellent 
2 

10. Were the examples 1n the text presented in a clear 
enough form to be helpful to you in y our study of the 
material? 

a. Yes 
76 

b. No 
8 

11. Do you feel that the examples in the text covered the 
material the teacher usually writes on the blackboard? 

a. Adequately 
52 

b. Inadequately 
26 
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12. Did you think the oral class review at the end of each 
chapter was helpful? 

a. Always 
73 

b. Usually 
9 

c. Seldom 
2 

13. Woul you rather have the review sessions include: 

a. 8 to 10 students 
10 

b. Entire class 
74 

14. How well do you feel that you know the members and 
teacher in this class compared to your other classes? 

a. Better 
25 

b. As well 
56 

c. Less well 
3 

15. How were your test grades compared to your effort in 
audio-tutorial Algebra? 

a. Higher 
12 

b. Equal 
50 

c. Lower 
22 

16. How do you consider this semester of Algebra? 

a. Complete success b. 
15 

Partial success c. 
61 

Failure 
8 

17. What is your opinion of the audio-tutorial method for 
teaching Algebra? 

a. Poor b. 
5 

Average 
43 

c. Good 
26 

d. Excellent 
10 

18. If you were going to take a mathematics course next 
semester, which method of instruction would you prefer? 

a. Audio-tutorial b. 
68 

Traditional c. 
16 

No preference 
0 
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19. Make any additional suggestions for improving the 
quality of the tapes or their use. 
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20. State any additional ways of improving the audio
tutorial method of instruction. 
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21. Give your opinion of the overall course. 
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APPENDIX C 

Equipment cost incurred 1n the implementation of the 

audio-tutorial approach: 

Original tapes 

Cassette copies 

Carrels (dry) 

Programmed books 

Tape players 

TOTAL 

$ 150.00 

135.00 

1,200.00 

40.00 

420.00 

$1,945.00 

Since all the equipment was already in use in the 

Resource Center and the instructors were teaching regard

less of the experiment, additional cost was the purchase 

of the original cassette tapes and reproducing ten copies 

of them. 



140 

APPENDIX D. 

Diagram of the Audio-tutorial Laboratory 
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