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CHAPTER I 

STATEMENT OF THE PROBLEM 

Instruction in the sciences has undergone considerable 

change in the past ten years. These changes have been re-

flected at all levels, from elementary school through grad-

uate school. Several factors have been responsible for these 

changes. Pre-eminent was the national upheaval that followed 

the Russian success in 1957 with their Sputnik. This event 

caused a widespread alarm in the United States and consider-

able criticism was leveled at the schools. The thrust of 

these criticisms was that the production of scientists and 

engineers was lagging behind national needs. The National 

Science Foundation was formed in response to this outcry and 

was designed for the purpose of upgrading and promoting 

training and careers in the various fields of science. The 

programs of the National Science Foundation have included 

the training of teachers, the provision of material for the 

use of the schools, the provision of grants for scientific 

experimentation, and funding of various conferences and meet-

ings designed to upgrade and evaluate instruction in science. 

One result of this federal stimulation has been the formation 

of groups of interested scientists and educators into committees 



whose purpose is to reorganize the method of presentation 

of the science in question. Some of these groups are the 

School Mathematics Study Group, the Physical Science Study 

Committee, the Chemistry Study Group, and the Biological 

Sciences Curriculum Study. These groups evaluated both the 

content of the courses' being taught in the public schools 

and the methods of teaching being employed. The work of 

these and other groups interested in science instruction has 

been adequately reviewed elsewhere (17). 

The effect that this interest in science instruction 

has had has been the re-examination of tradition in light of 

learning theory, scientific advances, and modern technologi-

cal thought.' Much of the material that had been included in 

instructional programs for many years on a "follcw-the-leader" 

basis has been discarded in favor of those activities and 

methods that relate to the experience of the student and 

reflect more accurately the activities of the practicing 

scientist. Therefore, in the classroom that could be de-

scribed as traditional in terms of the time allocations to 
i? 

lecture and laboratory activities, there has been a shift in 

the emphasis of presentation. Along with this examination of 

the content of the courses in science being offered in the 

schools of the United States, a parallel trend developed. 

This' trend was begun by S. L. Pressey (14, 15, 16) in the 

1920'a when he began a series of publications describing a 



method of presentation of factual material utilizing a 

machine that he had developed to administer tests. He noticed 

that the machines were adaptable for the presentation of con-

tent by exposing a student to a statement of fact followed by 

a question which demanded an answer. A multiple choice of 

answers was available to the student and if the student se-

lected the correct response, the paper roll which had the 

questions written on it would advance to the next question or 

statement of fact. The principle upon which this machine was 

constructed is similar to that of a music box, and if the right 

key is depressed a pin attached to the key will engage a hole 

in the paper and the roll will advance. If the wrong key is 

depressed no engagement will result, and the paper will remain 

stationary. Thus, the stage was set for the. development of 

"teaching machines," a process that continues to the present 

day. The later work with the principle underlying teaching 

machines was done by Skinner and Crowder primarily, although 

many individuals contributed to this work. Skinner's con-

ception of the use of machine instruction resulted from his 

work with rats in the famous "Skinner box" and centered 

around the idea that learning resulted primarily from a 

stimulus-response situation and that the closer together 

these two events occurred the greater would be the resultant 

learning. Programs of instruction using the Skinner paradigm' 

proceed linearly from simple to more complex concepts, using 



short frames followed by a reinforcing answer to a specific 

question. Skinner has been criticized for his failure to 

account for the fact that learning might not take place 

linearly, and for his insistence upon carrying the student 

through those things that he already knows, which might con-

tribute to a decline in the student's interest and motivation 

to complete the task. 

Growder has taken the approach to programming that has 

come to be known as branched programming. Crowder produces 

what he calls "scrambled books" or "tutor texts," which are 

written in such a way that an amount of prior knowledge on 

the part of the student concerning the subject at hand is 

recognized and the student is not forced to follow the linear 

path of the Skinner program. In the Crowder presentation the 

student is asked a question relevant, to some material to which 

he has been exposed. He is then given a multiple choice of 

answers and selects one of them which refers him to a later 

section of the book. If the student has selected correctly, 

he is so informed and normally complimented on his choice by 

way of reinforcement of the response. If the wrong answer 

has been selected, the choice made by the student will tell 

him why he was wrong and continue from that point with the 

lesson. 

These divergent views of the structure of a proper pro-

gram will probably continue for some time to come. They are 



used here to illustrate a point that programming in one form 

or another has joined with the curricular reorganization as 

a potent force in modern educational thought. Joining these 

two parallel movements in education was a third vital force 

that is becoming even more significant in shaping the schools 

of tomorrow. This force is the federal government's aid pro-

grams. In addition to the National Science Foundation men-

tioned earlier, there have been many programs designed to 

provide money for the strengthening of the school programs. 

Notable among these are the Elementary and Secondary Educa-

tion Act, the Higher Education Act of 1965, the Vocational Act 

of 1963} and others. These acts have provided millions of dol-

lars for the schools. In response to these sums of money, 

industrial concerns have applied their managerial and pro-

duction skills to the problems of instruction. One of the 

earliest and most easily seen results of the interest of 

business in education was the development of machines and 

programs to follow the trail blazed by Skinner, Pressey, and 

Crowder. Business was also interested in the results of the 

studies that had been made of instructional approaches, and in 

the modifications of these approaches that could be used prof-

itably in the new teaching machines. So the three streams 

of instructional overhaul, programming, and the profit motive 

merged to produce the large and thriving industrial educa-

tional firms that are prevalent at the. present time. 



Three identifiable phases have been experienced in this 

situation. The first of these phases was characterized by 

an enthusiastic reception of the new devices as a boon to 

education. The classroom teacher may have had some reserva-

tions about the machines as they were thought to be a threat 

to their jobs. However, the general reception to the machines 

was good. Unfortunately, many of the early devices were ill 

conceived and poorly designed. The designing of a good pro-

gram is very difficult, and some of the early efforts were 

poor and yielded unsatisfactory results. The effect of the 

poor performance by some of these early devices was to cause 

a wave of disenchantment with the machines and the rejection 

of any potential for their ultimate usefulness. This feeling 

is expressed by Heimer: 

Perhaps the major reason why programmed instruction 
has not been employed as fully as possible to cope 
with the problems to which it is uniquely suited is 
due to a limited concept of what programmed instruc-
tion is and how it must be used. . . . Hopefully, 
this concept will be expanded and programmed in-
struction. will ultimately fulfill the dreams once 
held for it (4). 

Much of this feeling of resentment and distrust toward the 

concept of programming continues to the present day. 

A third phase in the development of programming has come, 

and is characterized by an acceptance of the limitations of 

the method and an exploration of ways to overcome the negative 

aspects of the approach. One way in which the newer approaches 

are superior to the old is in the expansion of the vistas that 
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the program encompasses. In other words, the reliance on a 

single sensory approach such as was demanded in the older, 

elaborate machines has been abandoned in favor of a multi-

sensory approach which allows for the use of computers, 

tapes, filmstrip, filrrloops, and (probably most importantly 

of all) for contact between the student and an interested 

instructor. ' A great many programs utilising some or all of 

these media have sprung up all over the United States and 

are experiencing reasonable success, particularly on the col-

lege level {&, 11, 12). The present investigation is concerned 

with the efficiency of one of these third-generation programs. 

Significance of the Problem 

The present investigation concerned itself with the effi-

ciency of the audio-tutorial method of teaching biology as 

compared with the more'conventional method usually seen in 

college biology, which involves the use of lectures and lab-

oratory periods. This newer method of presentation was con-

ceived by S. N. Postlethwait at Purdue University in 1961, as 

a device to assist students with deficiencies in biology to 

keep up with the class in beginning botany. At its inception 

the student was provided with a tape player which led him 

through a study exercise conducted by the senior instructor 

in charge of the course. The student was to follow the text-

book to which the tape addressed itself. Soon, living plant 

material and charts and other visuals were added to the tape 
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and textbook to further enhance the student's understanding 

of difficult concepts. In evaluating the results of the 

progress of such students, Postlethwait decided that they 

showed sufficient differential progress over the students in 

the regular lecture laboratory method that he formalized the 

approach and now teaches all students by this method. Because 

of the apparent success that Postlethwait has enjoyed with the 

audio-tutorial approach, other instructors in the biological 

sciences in other colleges have adopted his method, Until 

the present time no objective evaluations of the comparative 

aspects of this method with conventional biology have been 

made. The present investigation is thus a first effort in 

this regard. Much remains to be done in the investigation of 

audio-tutorial biology and its applicability to other areas 

of science instruction and to non-science instruction. 

Postlethwait stated that his method has the following 

advantages: 

More students can reach a higher level of achievement 
under the audio-tutorial system. Students' attitudes 
are considerably improved, vandalism is reduced, and 
at least one-third more information can be presented 
in an equivalent length of time. The students are 
able to do more sophisticated experiments and, accord-
ing to feedback, limited though it is, the retention 
span is considerably extended (12). 

These advantages would seem to indicate that there is indeed 

broader applicability to this method. In addition to these 

considerations, the consistency of the audio-tutorial method 

with regard to currently accepted tenets of learning theory 



is significant. Much controversy rages over the proper defi-

nition and interpretation of the events of learning, ranging 

from the denial of the existence of a cohesive body of knowl-

edge which could be called a theory of learning through the 

various stimulus-response adherents to the Gestalt concept of 

"totality" of experience. There have been attempts to define 

learning, however, in an attempt to clear the way for a greater 

understanding of this phenomenon. Guthrie offers the following: 

We shall call these changes in behavior which follow 
behavior learning.' 

and 

The ability to learn, that is, to respond differ-
ently to a situation because of past response to 
the situation . . . (3). 

Spence, Hull, McGeoch, Hilgard, and Brogden, among many 

others, have offered their contributions to the definition of 

learning (1, 5, 6, 7? 16). A common thread of continuity 

through all of these definitions is the concept of the modi-

fication of behavior of the student by the application of some 

intervening event' known variously as learning, or, that which 

takes place in the presence of teaching. Wallen and Travers 

(1$) have articulated six principles of learning which are 

demonstrable and which address themselves to the audio-

tutorial system. The first of these principles states: 

Behavior which represents the achievement or partial 
achievement of an educational objective should be 
reinforced. 
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The nature of the structure of the audio-tutorial system 

leads to the kind of reinforcement known as "knowledge of 

results." The student is told at the beginning of each week 

what results will be expected of his efforts, and these re-

sults are verified at the end of each week. The additional 

reinforcement provided the student by the assistance and 

praise of the teacher in the audio-tutorial system is of 

importance. Reinforcement is provided when interpretation 

of the results of investigations or observations are made on 

the tapes by the teacher. Taber et al. (19) state that this 

immediate reinforcement will cause the student to concentrate 

more effectively, a factor that is further enhanced by the 

physical'arrangement of the. study carrels. 

Wallen and Travers1 second principle states: 

The introduction of cues which arouse motivation 
toward the achievement of an educational objective 
will increase the effectiveness with which that 
objective is achieved. 

The audio-tutorial system is of significance in this respect 

because of the multitude of motivational devices that are 

available through its use. The motivational role of the 

teacher is enhanced since the load of information transmittal 

is assumed by the electronic devices. The anxiety that is 

created by the imminence of a testing situation each week is 

another of these cues which have proven beneficial (2). The 
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motivational effect of the visual apparatus adds its weight 

to the effectiveness of the method. 

Principle three states: 

Practice in applying a principle to the solution of 
• problems will increase the probability of transfer 
of training to new problems which require the use 
of the same principle for their solution. 

According to McGeoch and Irion (7)> 

Transfer of training occurs whenever the existence 
of a previously established habit has an influence 
upon the acquisition, performance, or relearning 
of a second habit. 

The audio-tutorial system offers a unique opportunity for the 

student to practice' the solution of problems and to re-do those 

things that he does not understand at his own pace without 

interfering with the routine of the conventional classroom. 

Principle four states: 

' Since learners differ in their capacity to make the 
responses to be acquired, learning will be most effi-
cient if it is planned so that each learner embarks 
on a program commensurate with his capacity to acquire 
new responses. 

The principle of individual differences is a truism in educa-

tion. The principle has led people like Olson (10) and others 

to develop systems that can be used in the individual class-

room to provide for something better than the "aimed teaching" 

that has been the norm in the modern classroom. The audio-

tutorial system, with its individualized approach built into 

it, is ideal for the expression of and accommodation for the 

differences in human beings. 
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Principle five states: 

If a student has had training in imitation, then he 
is capable of learning by observing demonstrations 
of the skills to be acquired. 

Miller and Dollard (9) have shown that imitation is a learned 

behavior tendency. Valid forms of imitative behavior are the 

extensive use of demonstration material and the guidance of 

the student through observational experiences by the taped 

instructor. These activities> combined with the discovery 

of fact through experimentation, are some of the strengths 

of the audio-tutorial system. 

Principle six states: 

The learner will learn more effectively if he makes 
the response to be learned than if he learns by ob-
serving- another make the response or makes some 
related response. 

This does not militate against principle five in that the audio-

tutorial system, as any other teaching system, is a balance of 

several activities on the part of the student. The ability to 

do those things that the biologist does in carrying out his 

daily tasks in a learning setting made possible by the arrange-

ment of the system supports this principle. 

The apparent consistency of the audio-tutorial system with 

accepted learning principles combined with the multi-sensory 

approach used would indicate the significance of engaging in 

objective study of the efficiency of the method as compared 

with the more usual methods of presentation. 
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The Setting of the Problem 

The groups studied in this investigation were the fresh-

man biology students at El Centro College of Dallas County 

Junior College District in Dallas, Texas, and at South Campus 

of the Tarrant County Junior College District in Fort Worth, 

Texas. The El Centro students were enrolled in audio-tutorial 

biology and were considered the experimental group. Those 

students at South Campus were enrolled in a more conventional 

biology course and were considered the control group. 

These two educational institutions are both located in 

metropolitan areas within forty miles of one another, giving 

them a similar climate and general cultural environment. Both 

are in the first two years of their operation as colleges; 

both are publicly supported junior colleges operating under 

the laws of the State of Texas. Both are organized as multi-

campus colleges with centralized, district administrative 

structures. The statements of educational philosophy of the 

two institutions are nearly identical. Their programs of 

instruction are organized into similar units. Each.has re-

ceived enthusiastic support from the electorate in the two 

communities. An examination of Table I shows other simi-

larities between the student bodies of the two institutions. 
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TABLE I 

COMPARISONS OF SAMPLE STUDENTS AT TARRANT COUNTY 
AND EL CENTRO* 

Student Measures El Centre Tarrant County 

ACT Composite Score 
Means 15.4 15.7 

ACT Range 1.0 - 31.0 2.0 - 30.0 

Age 23.2 All Students 20.5 All Students Age 
18.7 Day Students 1&.3 Day Students 

Sex 60.0% Male 61.0$ Male 
40.0% Female 39.0% Female 

Racial Mix $5.0% Caucasian 92.0$ Caucasian 
15.0$ Other t.0% Other 

Stated vocational $5.0% Academic 75»0% Academic 
preference transfer transfer 

15.0$ Vocational 25.0$ Vocational 

Average socio-
economic level Lower middle class Lower middle class 

^Compiled from official records. 

These and other possible comparisons of the two student 

bodies indicate that they are very similar to one another 

giving support to the assumption of homogeneity of the two 

groups. 

Of particular importance in considering the.setting of 

the problem is a description of the methods of instruction 

to which the control and experimental group have been sub-

jected. 
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The time sequence, structure, arid physical facilities for 

the audio-tutorial system are as follows: 

1. The general assembly session, which usually meets one 

hour per week. 

2. The small assembly session, which usually meets one 

hour per week. 

3. The independent study session, which is continually 

available to the student at his convenience. 

The physical facilities necessary for the operation of 

an audio-tutorial course are basically a learning center or 

laboratory, a preparation room, a recitation room, and a lec-

ture hall. The learning center can be a conventional labora-

tory modified by placing the tape players on the tables, or, 

more appropriately, the center can be provided with booths 

or carrels. A typical booth can be constructed of pegboard 

walls on a standard laboratory table. A booth 4$ inches 

tall, 36 inches long, and 20 inches deep has been found satis-

factory (12). In the booth there may be placed a tape player 

or remote control for a central tape deck system, a micro-

scope, shelves, and a filmloop projector. The pegboard walls 

of the booth may be used to display charts and other materials 

that are useful for the week's work. A centrally located 

demonstration table in the learning center may be used to 

show those things that are too large or too expensive to be 

placed in each booth. The preparation room, recitation room, 
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and lecture hall are used in the same way that they would be 

used in a conventional course. 

The general assembly session.—All students enrolled in 

audio-tutorial biology meet once each week for the general 

assembly session. This session is scheduled early in the 

week, usually Monday, and is under the direction of the in-

structor responsible for the course. The time can be used 

by the instructor for showing long films, giving major exam-

inations, outlining the. work to be done during the next week, 

hearing guest lecturers, or reviewing the work of the week 

just completed. This weekly session provides some of the ad-

vantages of the conventional lecture system. The students 

identify with the instructor in a formalized setting and they 

have a feeling of recognition when they hear his voice on the 

tapes during their independent study during the remainder of 

the week. This does not imply that the only contact that the 

student has with the instructor is in the general assembly 

session, for the instructor will be available to the student 

in the laboratory on a face-to-face basis during much of the 

week. The key to this part of the course work is to motivate 

the student in the direction of the week's work and to set an 

intellectual tone and personality for the course. 

The small assembly session.—This session may be used 

flexibly in response to the philosophy and objectives of each 

institution. The number of students that attend can vary 
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greatly,, depending on the type of activity that is foreseen 

for this session. It is possible to make this either a vol-

untary or a scheduled activity. The timing of this session 

can also respond to local situations, although commonly these 
t 

meetings are scheduled toward the end of the week. The pur-

pose of this session is to provide the student with the oppor-

tunity to participate in a dialogue with the instructor. This 

"dialogue is virtually impossible in the larger general assembly 

session. The small assembly session is often used for the oral 

testing of the student to ascertain if the work of the preceding 

week has been mastered. 

At Purdue, these sessions are restricted to eight students, 

allowing the instructor to probe and determine if the important 

points are being comprehended. Commonly no new subject matter 

is presented in these sessions, although there is no reason 

why it cannot be used for this purpose if the instructor feels 

that clarification of a concept will be enhanced by this addi-

tion. The key to this part of the course is the dialogue be-

tween student and instructor, and the counselling that is 

possible in the small assembly session. As with the general 

assembly session, great flexibility is possible in this part 

of the course. 

The independent study session.—The independent study 

session is the heart of the audio-tutorial approach. The gen-

eral assembly session gives the student a frame of reference 
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and the motivation to be curious about the work to come in 

the independent study session. The small assembly session 

allows the student to demonstrate his knowledge of the con-

cepts and ideas to which he has been exposed. In the inde-

pendent study session the student engages in those activities 

that will provide him with the opportunity to obtain these 

facts, ideas, and concepts. The student checks into the lab-

oratory and proceeds to a booth that is provided with the 

materials to carry out that week's work. These materials 

might include microscope slides, charts, models, living mate-

rials, textbooks, filmloops, or demonstrations of various sorts. 

The student puts on earphones that are connected to his own 

tape player. The voice of the instructor for the course is 

heard on the tape developing some biological concept for the 

student. The student has a study guide to which he is referred 

for direction and to look at illustrations. When appropriate, 

the student is asked to participate by performing some overt 

action such as preparing a slide for examination under the 

microscope, or gathering data from a central demonstration 

table. The purpose of these activities is to involve the 

student overtly in the process of concept formation by having 

him do those things that a biologist does to discover truths. 

These procedures replace the finding of these facts by reading 

about them alone. Further, the immediate interpretation or 

explanation of the significance of the student1s findings by 
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the instructor reinforces the concept that the student has 

obtained. Since the tapes are individual, the student may-

play it back as many times as necessary in order to under-

stand the idea being presented. This procedure allows the 

slower student to have the opportunity to listen to an in-

exhaustible instructor until he is satisfied with his own 

understanding. At the same time this system does not make 

a captive out of the bright student who may be able to grasp 

the concepts on one exposure. The course instructors are 

available to the students in the laboratory to assist and 
6 

explain and to teach on a face-to-face basis. The tapes and 

materials in the booths are changed weekly and the process as 

described is repeated. 

The control group was exposed to a normal lecture labora-

tory situation consisting of a four-credit course meeting for 

three hours of lecture each week, with two hours of scheduled 

laboratory. These courses are of one-year duration as is 

the experimental audio-tutorial course. The students enrolled 

in the conventional course are unitized to the extent that 

students participating in the lecture sections are also in-

volved together in the laboratory. The South Campus of the 

Tarrant County Junior College is a new facility provided with 

modern laboratories and lecture halls and with the newest in 

visual equipment. The students are taught by qualified in-

structors in small groups, in a number of lecture sections. 
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Hypotheses 

The following hypotheses were developed to be tested in 

this study: 

1. Students enrolled in audio-tutorial biology will score 

significantly higher than those enrolled in conventional biology 

in,overall achievement, as measured by the Nelson Biology Test. 

2. Male students enrolled in audio-tutorial biology will 

score significantly higher than female students enrolled in 

audio-tutorial biology on the Nelson Biology Test. 

3. Students whose scores fall in the range of the top 

one-third on the ACT test will score significantly higher on 

the Nelson Biology Test if enrolled in audio-tutorial biology, 

than those enrolled in conventional biology. 

4. Students whose scores fall in the range of the lower 

one-third of the ACT test will score significantly higher on 

tk® Nelson Biology Test if enrolled in audio-tutorial biology 

than those enrolled in conventional biology. 

5. Within each group, those students who have success-

fully completed three units in high school science will score 

significantly higher on the Nelson Biology Test than those who 

have completed only two units in science. 

6. Students who have completed a high school course in 

one of the Biological Science Curriculum Study versions will 

score significantly higher on the Nelson Biology Test when 

enrolled in audio-tutorial biology than those enrolled in 
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conventional biology who have completed a Biological Science 

Curriculum Study version. 

7. Students enrolled in audio-tutorial biology will 

score significantly higher than those enrolled in conventional 

biology on the Purdue Master Attitude Scale, Part "A," "Atti-

tude Toward Any Course." 

B. Male students enrolled in audio-tutorial biology will 

score significantly higher on the Purdue Master Attitude Scale, 

Part "A," than will females enrolled in audio-tutorial biology. 

9. Students enrolled in audio-tutorial biology whose 

scores fall within the upper third of the range on the ACT 

test will score significantly higher on the Purdue Master 

Attitude Scale„ Part "A,n than those in the lower third of 

the ACT range. 

10. Students who have been enrolled in audio-tutorial 

biology for only one semester will score significantly higher 

on the Purdue Master Attitude Scale, Part "A," than those who . 

have been enrolled for a full year. 

11. Students enrolled in either approach who have com-

pleted three units of high school science will score signif-

icantly higher on the Purdue Master Attitude Scale, Part "A," 

than those who have completed only two units of high school 

science. 
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Definition of Terms 

Audio-tutorial biology.—When used in this study, this 

term refers to an integrated approach to the teaching of 

biology utilizing such things as tapes, filmstrips, and 

demonstration material to replace the normal lecture-

laboratory situation. 

Programming.—As used in this study the arrangement of 

a series of learning events in a logical sequence. 

Achievement.—As used in this study this term indicates 

a score value on the Nelson Biology Test. 

• Attitude.—As used in this study this term indicates the 

score value on the Purdue Master Attitude Scale, Part A, Atti-

tude Toward Any G-ourse. 

Assumptions 

It is assumed that differences in outcome are the result 

of the independent variable and not by inherent differences 

in the groups. 

Preview of Remainder of Report 

Chapter II is a survey of literature relevant to the 

problem. Chapter III contains the methods of collection of 

data and a description of the experimental and control groups. 

Chapter IV is the results of the investigation. Chapter V is 

conclusions and recommendations pertinent to the problem. 
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CHAPTER II 

REVIEW OF RELATED LITERATURE 

The literature pertaining to programmed ihstruction 

is monumental. IT, began as long ago as the early reports 

of Pressey (53) 54) in the 1920!s and has increased into a 

veritable flood today. No attempt will be made here to 

review all of this material completely, since much is not 

pertinent to the present problem. Only those references 

that bear on the current situation will be mentioned. The 

literature specifically related to audio-tutorial methods 

of instruction is not common, although there is an increas-

ing incidence of references to the method in the audio-

visual and scientific periodicals. 

Achievement Through Programmed Instruction 

Studies of achievement through the use of programmed 

instruction have been conducted at all instructional levels. 

The results of these studies have been inconclusive, al-

though certain patterns do seem to have been indicated. 

These patterns will be described at the end of the review 

of the pertinent literature. 

25 
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Studies at the Elementary School Level 

A study at the elementary school level was conducted 

by F. W. Banghart at the University of Virginia (3). This 

study involved the teaching of mathematics to 300 fourth 

graders over the period of one year. The control group used 

standard materials, and the experimental group used programmed 

texts with an inexpensive mechanical device. Banghart found 

that the achievement of the experimental group was as good 

as that of the control group. He also reported that the more 

able experimental subjects could progress nearly twice as 

fast as the less able students. Some of the students were 

through with the standard fourth-grade course by Christmas 

time. 

A study conducted by the Center for Programmed Instruc-

tion in New York reported that a programmed text in French 

spelling for sixth, seventh, and eighth grade students re-

sulted in approximately twice the effectiveness of standard 

methods (13). 

Gropper and Lumsdaine (25), at the American Institute 
$ 

of Research in Pittsburgh, prepared a programmed lesson in 

elementary science. A similar, nonprogrammed lesson was pre- ' 

pared, and both were broadcast over television to two groups 

of randomly assigned students in six classes of seventh and 

eighth graders. The television receiver was used as a device 

for the presentation of the programmed material. In a 
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pre-test, students revealed little prior knowledge of the 

subject matter being presented. A post-test after the dif-

ferential treatment of the subjects revealed a significant 

gain by the experimental group who had viewed the programmed 

material and responded with answers to frames presented on 

the screen. The control group was not given this opportunity. 

The difference was in favor of the experimental group. 

Keislar (34) attempted to teach some basic concepts of 

molecular theory to first graders by the use of programs on 

teaching machines. Since the children could not read, 2 1 2 

slides were used, accompanied by a taped commentary. The in-

vestigator found that there was significant learning taking 

place through the use of the program; however, there was wide 

variation in the achievement of individual children. Some of 

the children did well, answering 90 per cent of questions 

correctly in an oral interview, while others learned very 

little. This demonstration showed that programmed materials 

could be used as far down as the first grade with some success. 

Porter (51) designed a program to teach spelling to 

forty-five second-graders, sixty-three fourth-graders, and 

thirty-seven sixth-graders. The program was a linear program 

of the type advocated by Skinner. He reported that the stu-

dents learned as much from the teaching machine as from con-

ventional teaching, and the experimental (programmed) group 

completed the activity in about one-third of the time required 
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to complete the conventional instruction. Porter reported that 

the greatest gains were made by students in the lower-IQ half 

of the teaching machine groups, and the least gains by indi-

viduals in comparable groups taught by a teacher. In the 

upper-IQ groups3 there was no significant advantage by the 

machine taught group. The investigator assumed that the lack 

of advantage in this upper group may have been due to a poor 

matching of the competencies of the group with the material 

on the machine, and not to any inherent weakness in the pro-

gram itself. 

Contrasted with these reports of favorable results are 

those that report negative results on the elementary level 

through the use of programmed materials. 

Eshelman (19) compared the use of programmed instruction 

and conventional classroom techniques in the teaching of 

eighth-grade science. He found that the conventional or con-

trol group achieved significantly higher than did the experi-

mental or programmed instruction group. 

Although less well defined, a study by Barcus (4) indi-

cated some possible reasons for poor results with programmed 

instruction. Barcus studied 6,000 sixth-grade students 

studying Spanish. His problem was to study the effectiveness 

of programmed text and teaching machines, as against con-

ventional classroom instruction under the control of teachers 

with varying amounts of training and experience, and with 
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timing in the course as a factor. Half the students were 

taught by program after a year of Spanish of' the conventional 

type now in use. The other half were, presented the program 

after three semesters of conventional instruction. The re-

sults indicated that the time of introducing the program 

was an essential element in the result. In the first semes-

ter, the students getting programmed instruction did less 

well than the students getting conventional instruction. In 

the second semester there was no difference between the con-

ventionally taught group and the group using the programmed 

text. The group using the teaching machine did significantly 

better than either. The amount of learning from the pro-

grammed text was proportional to the level of teachers'1 

training. This would seem to indicate that the motivation 

provided by the teacher was an important element in the suc-

cess of the programmed approach. This study indicates that 

some orientation to the material is helpful, particularly to 

the younger student. 

Studies at the High School Level 

A study by Devine (16) compared the attitude and achieve-

ment of students in a high school course in algebra. He pre-

sented the material to two groups, one taught by the conventional 

method, and the other by the use of programmed materials. He 

found that the conventional method of presentation of material 

was significantly better than the programmed method. 
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Other studies done on the high school level include one 

of the largest controlled studies done in the use of programmed 

materials, carried on by Klaus (36) under the aegis of the 

American Institute for Research. This study involved 650 

students attending 25 physics classes in 17 different high 

schools. The program was used over a period of six weeks of 

work in the normal high-school physics course. The physics 

materials were presented to the students in a programmed text-

book requiring a response from the students to specific ques-

tions. Two primary studies were undertaken. In the first of 

these, the programmed materials were used to supplement the 

regular classroom instruction. In this study those students 

who were given the supplemental materials achieved signifi-

cantly higher than those who had only the regular classroom 

instruction. The second sub-study involved the presentation 

of materials to two groups of students. One of these groups 

was presented the course by programmed materials and the other 

by regular classroom instruction. No significant difference 

was found between the two groups. The conclusion of the 

author was that there was no evidence to suggest that a human 

teacher would provide instruction, at least with respect to 

materials such as physics, that could not be presented by 

means of a programmed course. 

Borroff (a) reported on a study conducted in the Roanoke, 

Virginia, schools in the spring of I960, in which a group of 
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eighth-grade students were given a ninth-grade course in 

algebra without benefit of teacher, textbook, or homework. 

A Foringer Model 2002 teaching machine was used in this test. 

A test administered to the group revealed that the average 

score of the group fell in the lower end of the average cate-

gory for ninth graders, but 41 per cent of the test group 

surpassed the average score' attained by ninth graders. 

Brown (9) reported on a study of 330 eighth and ninth 

grade students, split into two groups of 147 and 1$3, for the 

purpose of investigating the effectiveness of a program pre-

pared from the Illinois Mathematics Group materials. The 

group of 147 students comprised the experimental group and 

were given the programs in combination with classroom activi-

ties. The group of 1&3 students were given classroom instruc-

tion only. These students were in seven different schools. 

The experimental group scored significantly higher than the 

control group in a test of general ability. 

Reed and Hayman (55) studied a group of 250 tenth-grade 

students divided into experimental•and control groups. The 

experimental group were presented a program in English grammar 

and usage, and the control group were given classroom instruc-

tion in this area. The authors found no significant differ-

ences in overall achievement between the two groups. High-

ability students did ̂  significantly better than the low-ability 

students with the program, while the low-ability students did 
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better with the conventional teaching. Students of different 

ability levels showed a considerable difference in the length 

of time required to complete the program. 

In contrast with these generally favorable reports of 

the use of programmed materials, Zeschke (68) attempted to 

teach the structure of the deoxribonucleic acid molecule to 

two groups of high school students, one using programmed 

materials, and the other taught by conventional means. He 

found no significant difference between the groups. 

Austwick (2) designed a program to teach algebra to a 

group of English secondary school students. The experimental 

group contained eighteen students and was taught with a 

simple program. The control group also contained eighteen 

students and was taught by conventional methods. The imme-

diate post-test results were in favor of the control group, 

but a retention test showed that the experimental group scored 

higher than the control group. 

Studies at the College Level 

Experimentation on the college level has been consistently 

more encouraging, overall, than the results obtained at lower 

levels. The criteria of effectiveness are somewhat different 

in the college setting, since most professors are primarily 

interested in the amount of material that the student has 

assimilated. Any technique that can show an increase in the 
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amount of material presented, as well as diminishing the time 

to accomplish this end, will be viewed with favor. The basis 

of the present study was the work of Postlethwait (52) and 

his expansion of the usual concept of programmed instruction 

to provide for a multi-media presentation of material and the 

close and extensive involvement of the instructor in the total 

process. This method is discussed in Chapter I of this work. 

Reports from colleges involved with more traditional concepts 

of programming include the following: 

Blyth (7) supplemented the regular classroom instruction 

with programmed materials in a freshman course in logic at 

Hamilton College, at Clinton, New York. The class time was 

cut down from three hours to two hours per week. The students 

were reported to have covered more material more thoroughly 

than ever before, in spite of the reduction in class time. 

The author hypothesized that the reason for the improved per-

formance was the elimination of routine drill or checking in 

class, no unprepared students, common background of knowledge 

and experience, and a working knowledge of the principles and 

concepts of logic. A one-hour examination on probability 

resulted in test scores that were thirty points higher than 

the scores on a corresponding examination on the same material 

given the previous year. The final examination scores were 

ten to fifteen points higher than in former years. 
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Roe (57)? at the University of California at Los Angeles, 

studied a group of 136 students of statistics who were pre-

sented the material by a variety of programming formats. He 

found that there was no significant difference in the achieve-

ment of the students in favor of any of the various programmed 

formats, but there was a significant difference in favor of 

the programmed formats over the conventional methods. 

Mager (41) reported on a program of teaching difficult 

concepts in college chemistry through the use of scrambled 

books. These texts were used at Ohio University in all in-

troductory freshman chemistry classes, and in one class of 

junior chemistry. In both cases a significant difference 

was found in favor of the programmed method. There was some 

student criticism of this method as being beneath their dig-

nity; they felt that these programs were too simple and con-

stituted an insult to their-intelligence. 

KantaseWi (33) attempted a graded instructional system 

involving a spectrum of interaction of conventional and pro-

grammed instruction in a college course in biological science. 

The sections were treated as follows: the first group had 

only the regular lecture. The second group studied the pro-

grammed materials in class, with no lecture. The third group 

studied"the programmed material in class but allowance was 

made for a twenty-five minute discussion period. The fourth 
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group studied programmed materials taken from the problems 

assigned in class. The fifth group studied programmed mate-

rials taken from the problems assigned, and were allowed to 

discuss this material with the instructor. The author found 

no significant difference between the various approaches to 

the teaching of biology. It might be speculated that the 

divisions of the groups were too fine to expect large differ-

ences to emerge from his study. 

Reynolds (56) reported on the programmed instruction 

currently in use at Ball State University in Indiana. That 

institution is using programmed instruction in fifty-four 

areas. The author reports that the overall achievement, in 

these programs is satisfactory, The author voices reserva-

tion in the use of programs for the marginal student, because 

of his supposed lack of study habits. 

Carpenter, Greenhill, and others (12) studied the effects 

of several modes of presentation of programmed instruction as 

compared with conventional classroom instruction. This study 

involved the teaching of algebra to 113 college students. The 

students were divided into four groups, one using a teaching 

machine which allowed the students to pace themselves, one 

using self-pacing programmed textbooks, one using filmstrips 

which were externally paced, and one taught by conventional 

classroom methods. The author found no significant differences 

between the various methods of instruction. However, he 
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reported that the programmed groups scored higher on the unit 

tests than did the conventional group. He also reported that 

on the final test the variance was lower among the programmed 

groups than it was in the conventional group. 

Hatch and Flint (27) designed a three-dimensional experi-

ment testing the effectiveness of programmed instruction plus 

conventional classroom teaching, versus programmed instruction 

alone, versus conventional instruction alone. The program used 

•in this experiment was a program in basic electronics presented 

by means of an Auto Tutor teaching machine. The subjects were 

forty-six junior-college students. Group one received three' 

hours of programmed instruction and three hours of conventional 

classroom instruction each week. Group two' received three 

hours of programmed instruction. Group three received three 

hours of conventional classroom instruction. On a test admin-

istered at the end of the semester, there was no significant 

difference in the performance of groups two and three, but 

group one performed about one standard deviation higher than 

either of the other groups. 

Wendt and Rust (65) designed an experiment to determine 

the efficiency of instruction through the use of programmed 

instruction in library use. The program was presented to 

twelve sections of college freshman English. Half of the 

sections were given lectures in the use of the library, and 

half were given a program in the use of the library. The 
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authors found that students could learn as much about the use 

of the library through the use of the program as through the 

lectures. When level of intelligence was considered, they 

found that the brighter students could save time through the 

program. 

Hough (31) studied the effect of the use of teaching 

machines versus lectures, and constructed versus multiple 

choice response as against a combination of constructed and 

multiple choice response. The experiment was conducted in 

courses in education, using forty-one junior and senior stu-

^ dents. The authors found no significant differences between 

the methods, when amount learned was the criterion. 

Dick {17} reported on an experiment in which the students 

were paired to assist one another in the use of a program. 

These students were compared with students using the program 

individually. The program was used by seventy college students 

to learn algebra. The author found no significant difference 

between the two groups. It was noted that the pairs took 

appreciably longer to complete the program. 

Generally speaking, the achievement of students in college 

is in favor of the use of programmed materials. Negative re-

ports, or even reports of no significant differences in com-

parisons of programmed instruction with conventional methods, 

are less frequent on the college level. 
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Studies of Military Use of Programmed Instruction 

The use of programmed instruction has found acceptance 

in areas outside the normal classroom or laboratory situation. 

The military establishment has been an enthusiastic supporter 

of this method. 

Gustafson (26) reported on the use of a Western Design 

Auto Tutor in the instruction of an electronics course to 

Air Force personnel. The machine is a complex device which 

utilizes filmstrips as the basis of the system. Three groups 

of fifteen students were used in this study. One group re-

ceived the material in the normal manner, and they were taught 

by the regular instructor for the course. The second group 

received the same course, using the Auto Tutor with no class-

room instruction. The third group was chosen at random from 

the other sections of the same course. This group was chosen 

without the knowledge of the participants. The instruction 

was given all three groups at the same time, and covered a 

period of four weeks-, for six hours each day. The Air Force 

proficiency test performance score was used as the behavior 

criterion. The three groups showed no significant difference 

relative to the three instructional methods. I't was reported 

that the motivation of the students working on the program 

was high, and they worked on the program- in their off-duty 

hours. 
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Hosmer and Nolan (30) reported on the effectiveness of 

Crowder scramble-book Instruction in three areas. These three 

areas were Air Police Training, Medical Training, and Personnel 

Training, In each group there were two experimental and two 

control groups. Testing was done to determine the amount that 

had been learned. In these tests, the experimental group which 

had been exposed to the programmed materials and the control 

groups which had experienced a normal classroom environment 

showed no significant difference. The students using the 

programmed materials took less time to negotiate the same 

materials. The control groups took at least twice as long. 

There was no apparent difference in the experimental group 

on the basis of the time spent on the material. That is, 

those that took longer to complete the program did not learn 

any more than those that completed the material in a shorter 

time. 

Mager (40) reported on a program for the training of 

calibration of electronic equipment by students who had never 

seen the .actual equipment. Seventy per cent of the students 

performed the calibration without error, in spite of not hav-

ing seen the machine. 

Hatch (28) reported the use of a game-like self-tutoring 

device in a pilots' lounge for a two-month period. The device 

was used to teach flight information. Significant gains were 

reported for the sixty-two pilots participating in the experi-

ment . 
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Hickey and Laidlaw (29) reported 011 a program designed 

to train supply officers of the United States Navy. The 

specific subject matter of the program was retail sales and 

ship's store management. This program was given to 130 offi-

cers. The authors reported that the use of the program saved 

56 per cent of the usual homework time in reaching the usual 

performance criterion. The instructors lecture hours were 

reduced by 54 per cent. The authors reported that the atti-

tude of the students was favorable toward the use of the 

programmed instruction. 

Industrial Use of Programmed Instruction 

Industrial studies offer one of the clearest sets of 

criteria for assessing the effectiveness of programmed in-

struction to be found anywhere. The typical industrial 

training program is designed to teach a person the skills 

necessary to perform a specific task. The results of this 

training are immediately apparent in terms of behavioral 

criteria. The normal situation requires that the student 

apply the skills learned immediately, and the objective 

measures of production, quality control, and rate of rejec-

tion of products provide a good measure of achievement. 

In 1961 Deutsch (15) reported that sixty-three firms were 

engaged in automated training of employees. Since that time, 

the number of firms involved has increased greatly. The 
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following studies are among the many that have been reported 

concerning the use of automated teaching in industry. 

Hughes Aircraft teaches the assembly of complex machine 

parts to women assemblers through the use of over 500 audio-

visual machines. They report (11) that the rejects of faulty 

parts have been cut by 70 per cent since the institution of 

the program. The difference between this machine course and 

the typical program is that the student has no confirmation 

of results presented, and there is no feedback from the 

learner in this situation. 

Another similar program was used by Applied Communica-

tion Systems in the training of production workers. They 

reported (14) a 40 per cent increase in productivity above 

the work standard. At the same time, defects were reduced 

from thirteen per unit to one half per unit. 

Hughes and McNamara (32) reported on a program of train-

ing used by International Business Machines Company to train 

their employees in the elements of the IBM 7070 computer. The 

seventy employees in the experimental group were provided with 

programmed textbooks. These employees were divided into two 

classrooms. The control group of forty employees were taught 

in the conventional manner. They were also taught in two 

separate classes. The experimental, groups completed the work 

in a mean time of hours, while the conventional group re-

quired fifteen hours. The experimental group scored slightly 
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higher in a post-test. The students were reported as being 

favorably disposed to the conventional method. 

An attempt to generalize concerning achievement through 

the use of programmed instruction from the available litera-

ture leads to some confusion because of the apparently con-

flicting results reported. Some patterns do emerge, however, 

and seem to be relevant. First, the success of the programmed 

approach is seen at all levels of instruction', with greater 

consistency of results appearing with the increasing age of 

the student. That is, there is less success with the younger 

children than there is with the older ones. This may be due 

to a number of factors, including the intrinsic factors of the 

maturity of the child, his tendency toward self-actualization, 

his attention span, and others. Extrinsic factors include 

the length of exposure or acclimatization to the system, the 

physical environment, the attitude of the instructor, and 

the motivation to complete the task at hand. Another dimen- . 

sion is added spatially, in that the results of experiments 

to determine the achievement of students exposed to program-

ming have improved as the sophistication of the programs has 

improved* The success of the programs of instruction has led 

Ofiesh in the foreword to Garner's book, Programed Instruc-

tion (24), to state, 

Programed instruction is no longer a fad today. The 
extravagant claims and wild enthusiasms of a few 
years ago have disappeared. Questions such as, 
Will teachers be replaced by teaching machines and 
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programed learning?" and, "Will programed learning 
work for non-rote learning?" etc., are no longer 
being asked. The fact that prog'ramed learning does 
work has been accepted. The fact that it is be-
coming a staple part of our pedagogical procedures 
is no longer questioned . . . (24, p. v). 

While this statement by Colonel Ofiesh is well taken, it 

is still a fact that many resist the trend that appears to be 

inevitable toward- the wider use of programmed instruction at 

all levels of education. Meierhenry (44) > in an article en-

titled "Technology Is Changing Teaching Theories," decries 

the rigidity of traditional teaching as being bogged down in 

the restrictions of tradition and precedent, and calls for the 

freeing of bonds to allow for the use of the newer methods in 

the classroom. In a similar vein, Mertens (45) extrapolates 

from his experience with audio-tutorial and other program-like 

instructional methods at Ball State University to other school 

situations. It is his contention that the knowledge explosion 

that is currently being seen in the various fields of endeavor 

will soon require the educational practitioner to become a 

programmer and a tutor of the individual child, and allow the 

electronic equipment to assume the major load of information 

transmittal. If teachers are adaptable to this environment, 

they will be able to provide information to their students in 

a meaningful manner by updating programs, and in interaction 

between the teacher and the individual child. 
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Effect of Sex Differences on Attitude 
and Achievement 

Sex differences have been studied at all levels of 

instruction; and, as in the case of studies of achievement 

through the use of programmed instruction, there is con-

siderable division of opinion as to the sexual effects on 

performance. Again, there seems to be a decrease in the 

significance of sex differences as the child grows older. 

Little has been done concerning the sex difference effects 

of programmed instruction, McNeil (43) has conducted a study . 

of the effects of a program designed to teach reading to 132 

kindergarten children, 91 of whom were.subsequently studied 

as first graders. The program consisted of 17 daily lessons, 

each made up of approximately 35 frames, designed to teach 

students to recognize 40 words. McNeil reported that boys 

scored significantly higher than girls under programmed in-

struction, but boys scored significantly lower than girls in 

•che classroom under female teachers. The author concludes 

that the female teacher may fail in some way to adjust her 

methods and procedures to the behavioral traits of boys. It 

is possible that a study of the factors that led to success 

for the male might give some clues to the necessary changes 

in teacher behavior that would lead to more effective teaching 

at this level. 

Parsley, in a series of articles reporting his studies 

of sex differences (47, 4$), found that in four achievement 
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areas, reading vocabulary, reading comprehension, arithmetic 

reasoning, and arithmetic fundamentals, there was no signif-

icant differences between the sexes. The subjects in this 

series of experiments were from six to fourteen years of age. 

In a later study Parsley (48) found that boys achieved sig-

nificantly better than girls in arithmetic reasoning. 

Lincoln (39) in an early study of sex differences found 

that boys excelled in reasoning when compared with girls. 

Both Stroud and Wenthal (62, 66) showed that girls ex-

celled in achievement in most areas. These findings are 

confirmed by a preponderance of the research in the area of 

sex differences. The inferences that seem to be supported 

by the research findings are that girls excel overall in the 

normal, conventional classroom environment, with the exception 

that boys excel in those areas where reasoning ability is 

important. McNeil's study lends support to the contention 

that programmed instruction might favor the male over the 

female. 

Studies of High and Low Achievers 

As might be expected, the findings of research involved 

with the presentation of material to "students of high and low 

ability, as measured by common tests of intelligence and apti-

tude, favor the student of the higher ability. 

Silberman (59) developed a program for the presentation 

of a course in second semester geometry to a group of 258 high 
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school students. -The programs involved a form in which 

theorems were developed from a starting point to the final 

proof, and one in which the results were presented first, 

the student then working backward through the proof. The 

students were divided into three groups according to their 

achievement on standard tests. Each of the treatment groups 

was divided into two groups and presented the programs as 

outlined above. In each case the high achievement group per-

formed better than the middle achievement group, which in 

turn performed better than the low achievement group. There 

was no significant difference within each group in terms of 

the form of the program. 

A study by Beane (5) was designed to compare the effec-

tiveness of programmed instruction with classroom instruction 

on different achievement levels. The instructional area was 

plane geometry and the subjects were 65 high school students. 

The control group had conventional instruction, while the 

experimental group was divided into four parts. Two of the 

groups received the program exclusively and two groups switched 

from one program to another halfway through the experiment. 

In each, the high-ability students exceeded the low-ability 

students in achievement and retention. 

Seibel (58) studied the relationship of selected academic 

ability characteristics with college attendance and perform-

ance. He. found that one-half of the low-ability group, as 
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identified as high school seniors, were in academic diffi-

culty at the end of the first year of college. 

Funches (23) studied the relationship between American 

College Testing Company scores and the grade point average 

of freshmen students at the end of the first year of college. , 

This study was conducted at Jackson 'State College. Funches 

found a correlation of .59 between the ACT composite score 

and the grade point average. 

Studies of Number and Kind of Courses Taken 

Any student is the product of the experiences he brings 

to the educational setting. It is obvious that each student's 

background and subsequent responses are different. Studies 

have been made to determine the effects of previous exposure 

to subsequent performance. Among these studies are the fol-

lowing: 

Alley (1) studied achievement of students who had com-

pleted two, three, or four years of high school social science. 

He found that there was no significant difference in achieve-

ment after having had two years of social science. 

Finger (22) made a study of the performance of students 

of college freshman physics in terms of their previous expo-

sure to physics in high school. He found that there was a 

significant difference in favor of those students who had had 

high school physics over those who had not, in the achieve-

ment in college physics. 
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Kruglak (3$) found that the same was true in a study-

conducted Independently from that of Finger. 

Not only does the fact that the student has had a course 

in high school have an influence upon his performance, but the 

kind of course is also significant. This is particularly-

true of the newly designed and organized courses in the 

sciences. The present study is concerned with instructional 

methods in biology which are paralleled by developments in 

biology instruction on the secondary level. This development 

is the work of the Biological Science Curriculum Study, and 

the textbooks and revised methods that have resulted from 

their studies. Much work has been done in studying the effect 

of this new method in place. The studies of Wimberly (67), 

Kennedy (35)} and Voss (64), among many others, are of this 

sort. They represent an analysis of the effect that this 

innovative method has had on the instruction of biology in 

the public schools. 

Pearson (49), in commenting on the changes in college biol-

ogy, has stated that better preparation of students in the 

secondary schools will require a re-evaluation of the methods 

currently used in colleges. Particular emphasis is-.given to 

the role of the Biological Science Curriculum Study courses. 

Studies of Attitudes 

The study by Beane (5), which has been mentioned in another 

context, is of significance in relation to attitudes. In this 
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study, the students subjected to the programmed instruction 

expressed attitudes more favorable than those who had been 

presented the conventional instruction. 

Bushnell {10} studied the effect of teaching machines 

on attitudinal and behavioral change in an adult voluntary-

education program. The course being offered these people 

was one dealing with electricity for journeymen. Three 

instructional modes were used in this study. One was auto-

instructional alone, one was auto-instruction plus live dis-

cussion and review, and the third involved conventional 

instruction. Bushnell reported that the combination of auto-

instructional method plus discussion produced higher student 

satisfaction, and higher subsequent enrollment, than did the 

other methods„ 

Eigen {IB) has reported on high school student reaction 

to programmed instruction. Seventy-two students were used 

in the study, thirty-nine of whom used a Skinner type write-

in machine, and thirty-three of whom used a programmed text-

book. The subject matter being studied was mathematical 

sets, relations, and functions. Subjects who performed well 

on achievement tests were more likely to assert that programmed 

instruction was better than conventional instruction. Their 

rationale for this statement was that the better student was 

not held back by the rest of the class. They also stated 

that students learned more, generally, because they never get 
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left behind the class. Students using the programmed text 

had a more favorable attitude toward programmed instruction 

than those who used the teaching machine. Eigen reported 

that while the general attitude was good, there was consider-

able variation among the students in terms of attitude. 

Feldhusen and Birt (20) studied interrelationships among 

attitude, achievement, reading, intelligence, and transfer 

variables in programmed instruction. The subjects were twenty-

four ninth-grade students, twenty-three tenth-grade students, 

and twenty-five eleventh-grade students. The program used was 

one in the use of sets, relations, and functions in mathematics. 

The authors concluded that attitudes of students toward pro-

grammed instruction are not consistently related to the young— 

sters' levels or amounts of learning. They did note, however, 

that a general pattern of increasing correlations for acqui-

sition and transfer with attitude is noted in the progression 

from ninth to eleventh grades. Other findings of this study 

were that variance in learning may be more attributable to 

general achievement level than to intelligence quotient, that 

intelligence quotient as such is not a fundamental learner 

variable in programmed instruction, and that reading ability 

was not essential for learning to occur with programmed in-

struction. 

In another study, Feldhusen, Ramharter, and Birt (21) con-

ducted a study of two matched groups of thirteen seventh-grade 

students to determine the comparative effects of programmed 
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instruction as opposed to regular classroom instruction. 

The program of study concerned itself with the fundamentals 

of arithmetic. No significant difference was found between 

the program group and the conventional classroom group. On 

an attitudinal scale given as a part of the study, the 

responses were highly varied, but there was a high con-

centration of favorable responses among the programmed 

instruction group. 

Naumann (46) designed an experiment to study students of 

educational psychology with regard to their performance on 

and attitudes toward programmed instruction. Forty-four stu-

dents were used in the experiment. The program was the first 

sixteen sets of the Holland-Skinner psychology program. 

Naumann reported that the students responded in a favorable 

way to the programmed instruction presented. The author 

mentioned that the programs needed some revision to lower 

the rate of error. He reported that the attitudes of the 

students were better than those reported by Van Atta at 

Oberlin College. 

The report of Van Atta (63) on student attitudes toward 

programmed instruction used the same program that Naumann 

used on ninety students at Oberlin College. The author re-

ported that the reactions were generally favorable. The 

amount of repetition and the short steps in the program were 

mentioned most often as being objectionable. 
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Studies of Novelty Effects 

There has been speculation that the positive reports of 

the use of programmed instruction might be referable to some 

novelty, or Hawthorne, effect acting upon the students. Some 

studies have been undertaken to examine this factor. The 

following are representative of these studies. 

Popham (50) studied the influence of novelty effect on 

students in their first use of programmed instruction. The 

program used as the test vehicle dealt with plane geometry, 

and was given to matched groups of eleventh and twelfth grade 

students. One of the groups used the program during the first 

semester, and both groups used the program during the second 

semester. Popham reported that there was no measurable novelty 

effect, since no significant differences were reported between 

the two groups. 

Silverman and Alter (60) devised an experiment to study 

the novelty effect on students using teaching machines. Their 

study involved thirty college and thirty high school students. 

These students were presented a ninety-frame program on psychol-

ogy and a ninety-frame program on binary numbers. The students 

were divided into three groups, one of which was given a pro-

grammed text, the second, a crude spool-type device, and the 

third, ah elaborate presentation device. Each subject took 

one of the two programs, and returned a week later to take 

the other on the same device. The authors reported that there 
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was no significant achievement difference between the groups 

as a function of the type of machine or device that was used. 

Studies of Programs for the Handicapped 

Some studies have been made of the use of programmed 

instruction for physically and mentally handicapped children. 

Birch and Stuckless (6) studied the use of programmed 

instruction versus the use of conventional classroom instruc-

tion for deaf children. The sample used was ninety-nine deaf 

children drawn from six schools for the deaf. These children 

ranged in age from seven to ten years old. The program used 

concerned the teaching of language through the use of pictures 
* 

and verbal cues. The subjects lacked any written or vocal 

language, and the program was thus designed to initiate sym-

bolic communication. The program was administered over a 

period of twenty days. The criterion used was the ability of 

the students to construct fifty sentences in response to fifty 

pictures. The authors found no significant differences be-

tween the control group and the experimental group; however, 

the experimental group completed the work in 3$6.5 minutes 

while the control group required 900 minutes. 

Lippert and Stolurow (40) studied the use of programmed 

instruction with twenty-five educable mentally retarded pub-

lic school Students. The program consisted of the teaching 

of picturable nouns with the use of prompting trials, followed 
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by confirmation trials. The authors were successful in 

teaching the recognition of nouns through the use of pro-

grammed instruction. 

Smith and Quackenbush (61) studied the use of a program 
* , 

for the slow learners in arithmetic. Their sample consisted 

of twenty-three slow learners who used a program designed in 

the form of a workbook which rested on a machine with two 

rows of pushbuttons. When the student pushed a button next • 

to his choice of the correct answert a buzzer sounded if the 

answer was correct. This program was continued in use for 

the period of one year. The average gain was 0.51 grade 

levels, as measured by the California Achievement Test. 

Gains by similar students in previous years had been 0.19 

grade levels in arithmetic and an average of 0.25 grade 

levels in other academic areas. 

Cost of Programmed Instruction 

Concern is expressed by some as to the cost of pro-

grammed instruction. Two studies that have been made in this 

area are reported. 

Kopstein and Cave (37) have compared the cost of pro-

gramming as compared with equivalent training in a conven-

tional setting. The difficulties of arriving at an exact 

cost estimate are mentioned in the article. Among these 

difficulties are the overlap of facilities, the desires of 

the local people, and the difference in the cost of comparable 
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equipment. In general, the cost of programmed instruction 

compared favorably with the cost of conventional instruction. 

Automated teaching requires a large initial expenditure, but 

costs per student diminish as the number of students increases, 

Per-student costs of conventional teaching remain relatively 

stable. Given these conditions, there is a point of equal 

cost after which the automated teaching is less expensive. 

Postlethwait (52), in discussing the cost of the audio-

tutorial system, indicates that this system is less expensive 

than the normal lecture-laboratory system. The savings result 

from the necessity to provide fewer demonstration materials, 

since the students are proceeding at different rates through 

the material. In the conventional system, the students pro-

ceed through the material together, and need more of the 

expensive equipment. Postlethwait mentions that larger 

classes result in the saving of instructor time, and the de-

sign of the laboratory used in audio-tutorial systems results 

in space savings. 

Summary 

A review of the pertinent literature indicates that pro-

grammed instruction works at all levels of instruction. 

Achievement does occur through the use of these methods. 

There seems to be an increase in the amount learned, and in 

the retention of material as the students grow older. Both 
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sexes seem to respond well to programmed instruction. Based 

on the studies published thus far, it is difficult to say if 

there is any differential pattern with reference to sex. 

There is general agreement that those students who are 

high in ability will perform better without regard to the 

method of instruction. This is what might be expected 

intuitively. The effect of courses taken on subsequent per-

formance seems to diminish beyond approximately two years of 

such experience. The attitude of students at all levels seems 

to favor programmed instruction over conventional, in the 

majority of studies reported. In addition, the limited work 

in this area would seem to indicate that there is no appre-

ciable novelty effect associated with the use of programmed 

instruction. 

Work with programmed instruction in the area of the in-

struction of handicapped children is especially promising. 

Most studies report that machines can provide the endless 

repetition that is often necessary for the teaching of these 

individuals in a more effective manner than can the conven-

tional methods. Reports of the cost of automated teaching as 

compared with conventional teaching indicate that the pro-

grammed instruction is less expensive in the long run. 
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CHAPTER III 

COLLECTION AND TREATMENT OF DATA 

Two junior colleges were used for this study—El Centro 

College of the Dallas County Junior College District and 

South Campus of the Tarrant County Junior College District. 

The Dallas County Junior College is in the second year of 

its operation in the El Centro facility, while the South 

Campus of Tarrant County Junior College is in the first year 

of operation. 

Selection of Subjects 

Students from El Centro College were enrolled in Biol-

ogy 115-116s Biological Science, and comprised the experi-

mental group. Students at South Campus were enrolled in 

Biological Principles 1623-1624. The South Campus students 

comprised the control group. The El Centro students* course 

was an audio-tutorial course in general biology, while the 

South Campus students were enrolled in a conventional 

lecture-laboratory course in general biology. 

The El Centro students met and were tested in two general 

assembly sessions during the day schedule and in two evening 

classes. The South Campus students met in seven lecture ses-

sions , three of which met on a Monday-Wednesday-Friday schedule 

64 
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and four of which met on a Tuesday-Thursday schedule. Testing 

was done on the Wednesday or Thursday meeting, whichever was 

appropriate. All students who attended class during the 

testing period were included in the study. 

El Centro students numbered 233 > while the South Campus 

sample was 1&7 students. These numbers represent the usable 

subjects after discarding those for whom there were no ACT 

scores and those who had had previous college courses in 

science. 

Instruments 

Three instruments were administered during the testing 

sessions. These were the Nelson Biology Test, Form Ej the 

Purdue Master Attitude Scale, Scale to Measure Attitude 

Toward any School Subject, Form A; and a questionnaire to ob-

tain information about the student's background {Appendix A). 

The Nelson Biology Test was first published in 1950 and 

revised in 1965. The revision was made to account for the 

rapid advances in the development of the science since the 

first publication of the test. Three major cognitive areas 

are considered in the test. These are the areas of knowledge, 

comprehension, and application. Knowledge is considered to 

be the foundation to both comprehension and application. 

Comprehension embodies the ability to interpret facts and 

ideas expressed in unfamiliar terms, to extrapolate and make 
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intelligent predictions or judgments, and to understand the 

implications and relationships of ideas. 

The revision of the test involved the administration of 

the experimental form of 116 items to 7>125 students in 27 

schools in 21 states from coast to coast. The test was 

developed in two forms and was administered in alternating 

order, in that a random half of the students in each partic-

ipating classroom took one form while the other half of the 

students took the alternate form. Teachers who participated 

in the testing were asked to criticize the test with respect 

to its length, breadth, ambiguity, and construction faults. 

The items were subjected to statistical analysis and on the 

basis of these data the test was shortened to 65 items. The 

correlation between the long and the short forms was 0.9$. 

The validity of the test was determined by an exhaustive 

analysis of currently used textbooks, representative courses 

of study, publications of educational and scientific societies, 

and recommendations of noted experts in the field of science 

education. The test was constructed to conform to the impor-

tant outcomes of biology instruction as attested by examina-

tion of these sources. 

Reliability coefficients have been determined for the 

Nelson Biology Test by the split-half method, and further 

amplified by the standard error of measurement. These data 

for the total norm group are as follows: For Form E, with a 
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sample of 3540 the mean was 30.$ and the standard deviation 

was 12.3. The split half correlation was 0.92 and the 

standard error of measurement was 3-5* For Form F, with a 

sample of 3579, the mean was 30.9, the standard deviation 

was 11.7, the split half reliability was 0.92, and the 

standard error of measurement was 3 -3 • 

The Purdue Master Attitude Scale is composed of a series 

of scales which measure attitudes toward nine institutions, 

groups, or activities. Each of the scales contains seventeen 

statements which utilize the Thurstone attitude scaling tech-

nique . This technique is based on the psychological principle 

that, responses which are made with the same frequency carry 

equal weight. 

The editor of the tests claims face validity of the 

scales with regard to the measurement of specific attitudes. 

In addition, validity is referred to the scales of Thurstone, 

where "almost perfect correlation" was found (4). 

The reliability of the scales for the measurement of 

attitudes is reported to range from 0.71 to 0.72. Variables 

that might have an influence on the scores were these: 

1. The range of talent, that is, the variability of the 

attitude in the population under study. 

2. The extent to which the attitude in question is 

crystallized in the population. 

3. The number of individuals in the sample (4). 
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The following statements constitute the scale used in 

the present study. Included are the values for each question, 

The score of the individual student is the median of those 

items marked as expressing his attitude toward the course. 

The point of indifference is 6.0,while a higher score is 

regarded as favorable and a lower score as unfavorable. 

Scale values Questions 

10.3 1. No matter what happens, this subject 
always comes first. 

9.6 2. This subject has an irresistible 
attraction for me. 

9.2 .3. This subject is profitable to every- • 
body who takes it. 

S.9 4» Any student who takes this subject is 
bound to be benefite-d. 

3.5 5. This subject is a good subject. 

$.1 6. All lessons and all methods used in 
this subject are clear and definite. 

7.7 7« I am willing to spend my time study-

ing this subject. 

6.5 This subject is a good pastime. 

6.0 9. I don't believe this subject will do 
anybody any harm. 

5.5 10. I haven't any definite like or dis-
like for this subject. 

4.7 11. This subject will benefit only the 
brighter students. 

3.6 12. My parents never had this subject, 
so I see no merit in it. 

3.1 13. I am not interested in this subject. 
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Scale values Questions 

2.6 14. This subject reminds me of Shakespeare's 
play—"Much Ado About Nothing." 

2.2 15. I would not advise anyone to take this 
subject. 

1.6 16. This subject is a waste of time. 

1.0 17. I look forward to this subject with 
horror. 

Validation of Instruments 

An attempt was made to validate the use of the Nelson 

Biology Test for testing students of audio-tutorial biology. 

A panel of users of audio-tutorial biology were asked this 

question: 

Is the Nelson Biology Test an adequate' vehicle for 
evaluating achievement in a course in biology which 
uses an audio-tutorial approach? 

Seven individuals were contacted initially, of whom six re-

plied. Of those replying, one individual expressed a negative 

opinion regarding the use of the Nelson test for use in con-

junction with the audio-tutorial system. Two of the replies 

favored the use of the Nelson test, and three of the indi-

viduals were unfamiliar with the instrument. In an attempt 

to compensate for those who did not know of the Nelson test, 

three additional inquiries were sent out. Of these three, 

two expressed a favorable opinion and one did not know of 

the instrument. 
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The users of the audio-tutorial system that were sampled 

included those using the method in four-year colleges and in 

junior colleges. They ranged from coast to coast in their 

geographical distribution. Samples of the comments that were 

received from these individuals include: 

I have recently reviewed the latest published version 
(of the Nelson Biology Test) and I expect this review 
to appear in the next issue of the Journal of Educa-
tional Measirrement. The test remains a good instru-

. ment for measuring general biology proficiency . . . 
the norm data provided in the test manual could be 
valuable to you for comparative purposes. 

This quotation is from Dr. J. D. Novak of Cornell University. 

Other comments received in response to the inquiry 

included: 

We have used the Nelson B i o l o g y Test in our audio-
tutorial classes and have found it an adequate 
instrument. 

The Nelson Test does the job as well as any that we 
have found. 

and, 

I know of no other instrument that will test achieve-
ment as well as the Nelson Biology Test ? 

In summary, to ten inquiries, five replies were favorable, 

one unfavorable, and four were unfamiliar with the instrument. 

Treatment of Data 

The data collected from the three instruments described 

were treated by the use of multiple linear regression models. 

Vectors were formulated for both continuous and categorical 
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predictors. Vectors were collapsed where appropriate to hold 

the ACT Natural Science score as a covariate. Sixty-seven 

vectors were developed, as follows: 

X(l) =• 1 if experimental 
X( 2) = 1 if control 
X(3) = 1 if male 
X(4) ~ 1 if female 
X(5) - 1 if 3 or more courses in high school science 
X(6) = 1 if 0-2 courses in high school science 
X(7) - 1 if Biological Science Curriculum Study 

course taken 
X(3) = 1 if Biological Science Curriculum Study 

course not taken 
X(9) - 1 if enrolled for one semester only 

X(10) = 1 if enrolled for both semesters 
X(ll) = 1 if in the lower third of the range of the 

ACT test (= 15) 
X(12) = 1 if in the middle third of the range of the 

ACT test (16 - 19) 
X(13) = 1 if in the upper third of the range of the 

ACT test (= 20) 
X(14) = ACT Natural Science Score 
X{15) = ACT Natural Science Score { X(14) ) multiplied 

by ( X(l) ) 

X(27) = ACT Natural Science Score ( X(14) ) multiplied 
by ( X<13) ) 

X{28) = X(ll) multiplied by X(1) 
X(29) = X(12) multiplied by X(1) 

group 
X(30) = X(13) multiplied by X(1 
X(3l) = X(ll) multiplied by X 2 
X(32) = X(12) multiplied by X(2, 
X(33) = X(13; multiplied by X(2) 0„ 0 

X(34) = X(28) multiplied by X(14) = low experimental 
group + ACT Natural Science 

low experimental group 
middle experimental 

high experimental group 
low control group 
middle control group 
high control group 
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X(39) — X(33) multiplied by X(14) = high experimental 
group + ACT Natural•science 

X(40) = X(l) multiplied by X(3) = male experimental group 
X(41) = X(2) multiplied by X(3) = male control group 
X(42) = X(1) multiplied by X(4) = female experimental group 
X(43) - X(2) multiplied by X(4) = female control group 
X(44) = X(40) multiplied by X(14) = male experimental 

group + ACT Natural Science 

X(47) - X(43) multiplied by X(14) = female control group + 
ACT Natural Science 

X(4$) = X(2B) -+- X(31) ~ low experimental and control 
X(49) = X(30) + X(33) ~ high experimental and control 
X( 50) = X(l) multiplied by X(5) - experimental group with 

3 or more courses in high school science 
X(51) = X(2) multiplied by X(5) = control group with 3 or 

more courses in high school science 
X(52) = X(l) multiplied by X[6) = experimental group with 

0-2 courses in high school science 
X(53) = X(2) multiplied by X(6) = control group with 0-2 

courses in high school science 
X(54) = X(50) multiplied by X(14) = experimental group 

with 3 or more courses in high school science 
+ ACT Natural Science• 

X(55) = X(51) multiplied by X(14) = control group with 
3 or more courses in high school science + ACT 
Natural Science 

X(56) = X(52) multiplied by X(14) = experimental group 
with 0-2 courses in high school science + ACT 
Natural Science 

X(57) — X(53) multiplied by X(14) ^ control group with 
0-2 courses in high school science + ACT 
Natural Science 

X(5$) = X(l) multiplied'by X(7) - experimental group + 
Biological Science Curriculum Study course 

X(59) ~ X(2) multiplied by X(7) = control group + Biological 
Science Curriculum Course 

X(60) = X(l) multiplied by X(^) experimental group + no 
Biological Science Curriculum Study course 

X(61) = X(2) multiplied by 1(3) = control group + no 
Biological Science Curriculum Study course 

X(62) = X(58) multiplied by X(14) - Experimental group 
. +BSCS + ACT Natural Science 

X(63) = X(59) multiplied by X(14) - control group + BSCS 
+ ACT Natural Science 
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X(64) - X{60) multiplied by X(14) = experimental group 
+ no BSCS + ACT Natural Science 

X(65) = X(6l) multiplied by X(14) = control group + no 
BSCS + ACT Natural Science 

X{66) = Nelson Biology Test scores 
X{67) = Purdue Master Attitude Scale scores 

Upon the formulation of the vectors listed, above, models 

were designed to answer the research questions posed by the 

hypotheses. The basis of these models is the comparison of 

criterion values from the appropriate full model with a 

restricted model. The full model involves the linear combi-

nation of all the membership information included in the 

model. The restricted model of criterion values takes no 

account of the categorical information. 

In the following models (I) represents an n-dimensional 

criterion column vector of interest and relevance to the 

hypothesis. (X) represents the categorical or continuous 

vectors or a combination of two or more vectors as defined 

above, (a) represents a constant, the value of which is 

determined by the least-squares method. These least square 

weights are the arithmetic means of the criterion values for 

the corresponding categories. 

(A) This set of models pertains to the research questions 

posed by hypotheses number one and seven. 

Y = a(l)X(l) + a(2)X(2} + a(15)X(15) + a(l6)X(l6) 

Y = a(l)X(l) + a(2)X(2) + a(14)X(14) 

Y = a(14)X(14) 
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{B} This set of models pertains to the research questions 

posed by hypotheses number two and eight, 

Y = a(40)XU0)+~—-+a{43)X(43) + a(44)X(44)+ +a(47)X(47) 

I - a(40)X(40)+ -ra(43)X(43) + a(14)X(14) 

Y = a(l)X(l) + a(2)X(2) + a{l4)X{14) 

Y = a(l)X(l) + a(2)X(2) + a(3)X(3) + a(4)X(4) + a(14)X(14) 

(C)(D) This set of models pertains to the research questions 

posed by hypotheses number three, four, and nine. 

Y = a(28)X(2S)+ +a(33)X(33h + a(34)X(34)+ +a(39)X(3.9) 

Y = a(23)X(23)+ +a(33)X(33) + a(14)X(14) 

Y = a(l)X(l) + a(2)X(2) + a(14)X(14) 

Y = a(4S)X(4^) + a(29)X(20) + a(30)X(30) + a(32)X(32) 
+ a(33)X(33) + a(14)X(14) 

Y = a(49)X(49) + a(2S)X(28)•+ a(29)X(29) + a(31)X(31) 
+ a(32)X(32) + a(14)X(14) 

Y = a(48)X(4a)•+ a(49)X(49) + a(29)X(29) + a(32)X(32) 

+ a(14)X(14) 

(E) This set of models pertains to the research questions posed 

by hypotheses number five and eleven. 

Y = a(50)X(50)+ +a(53)X(53) + a(54)X(54)+ +a(57)X(57) 

Y = a(50)X(50}+ +a(53)X(53) + a(14)X(l4) 

Y = a(l)X(l) + a(2)X(2) + a(14)X(14) 

(F) This set of models pertains to the research questions posed 

by hypothesis six. 

Y « a(5S)X(5S)+- +a(6l)X(6l) + a(62)X(62}+ +a(65)X(65) 

Y = a(5S)X(58)+ —+a(6l)X(6l) + a(14)X(14) 

Y - a(l)X(l) + a(2)X(2} + a(7)X(7) + a(g)X(g) + a(14)X(14) 
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(G) This set of models pertains to the research questions 

posed by hypothesis ten. 

Y - a(9)X(9) + a(10)X(10) + a(23)X(23) + a(24)X(24) 

Y = a{9)X(9) + a(10)X(10) + a(14)X(14> 

Y = a(14)X(14) 

The product of the statistical computations is a compari-

son of two error sums of squares which yield the F statistic, 

or Snedecor's F. The formula used for this computation was 

v - <i2 -
qi/Uf)., 

where 

q̂  = minimized error sum of squares obtained from an 
• attempt to express the observed values in vector Y 
as a linear combination of an unrestricted set of 
predictors. 

q0 = Minimized error sum of squares obtained from an 
attempt to express observed values in vector Y as 
a linear combination of a restricted set of pre-
dictors that express an hypothesis. 

{df)^ = A number related to (and sometimes equal to) the 
difference between the number of unknown parameters 
to be estimated in the unrestricted linear combi-
nation and the number of unknown parameters in the 
restricted linear combination. 

(cif)2 = A number related to (and sometimes equal to) the 
difference between the number of elements in the 
vectors and the number of unknown parameters to 
be estimated in the unrestricted linear combina-
tion. 

The F statistic was considered significant at the .05 

level and very significant at the .01 level. 
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CHAPTER IV 

PRESENTATION OF DATA 

The purpose of this study was to test hypotheses relat-

ing to the efficacy of the audio-tutorial method of presen-

tation as compared with the conventional lecture-laboratory 

method in a freshman course in biology. These hypotheses 

were tested according to multiple linear regression models, 

as outlined in Chapter III. The F statistic that results 

from these computations coupled with the corresponding 

statement of probability is used herein to determine the 

acceptability of the hypotheses. Different samples drawn 

from a population in which the hypothesis is true would 

yield different values for the F statistic. The probability 

of obtaining a value as large as the one observed in the 

available sample can be determined. Published tables (2) 

show the values of F associated with the proportion of times 

that samples drawn from a population in which the hypothesis 

is true would yield computed F values greater than the tabled 

values. Thus, if the F value obtained for a sample is greater 

than the tabled value associated with a low probability, it 

is reasonable to reject the hypothesis. Acceptance or rejec-

tion of the following hypotheses was made on this basis with 

reference to the experimental hypothesis. 
* 
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Hypothesis I_ 

Hypothesis I stated that students enrolled in audio-

tutorial biology would score significantly higher in overall 

achievement as measured by the Nelson Biology Test than those 

enrolled in conventional biology. Table II lists the regres-

sion and F statistic data, degrees of freedom, and R2 data 

for the full and restricted models used to test this hypoth-

esis, In the case of hypothesis I data are also supplied 

giving the sign of the regression line which indicates the 

reason for the rejection of this hypothesis. 

TABLE II 

COMPARISON OF EXPERIMENTAL AND CONTROL GROUPS ON 
OVERALL ACHIEVEMENT AS MEASURED BY THE 

NELSON BIOLOGY TEST 

Vectors .R2 
Degrees 

of 
Freedom 

Proba-
bility F 

FULL 
MODEL 

Criterion=66=NBT* 
Predictors=l=-0.1327 

=-3.9964 
—2~ 0.0 
= 0.0 

=14= 0.5271 
= 1.1156 

0.3211 Numera-
tor=l 

0.00007 20.439** 

RE-
STRICTED 
MODEL 

Criterion=66=NBT* 

Predictors-14=0.535$ 
=1.1340 

0.2671 

Denomi-
nate r= 
417 

^Nelson Biology Test 
^Significant at better than the 0.05 level. 
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An examination of Table II indicates that there is a 

significant difference in achievement between the experi-

mental and the control group when all of the subjects are 

taken into account. The conditions of this significance are 

the measurement of achievement by the use of the Nelson 

Biology Test and holding the ACT natural science score as a 

covariate. From Chapter III, the vector numbered 1 repre-

sented the experimental group and the vector numbered 2 

represented the control group. The minus sign of the vector 

present in the predictor 1 and the positive nature of the 

predictor numbered 2 indicate that the experimental group 

should be expected to achieve a lower score on'the Nelson 

Biology Test than the control group. In other words, the 

control group in this experiment achieved significantly 

better than did the experimental group. Hypothesis I is 

therefore rejected as not valid, and the data would support 

an hypothesis stated in opposite terms to that presented 

here. 

Hypothesis II 

Hypothesis II stated that male students enrolled in 

audio-tutorial biology would score significantly higher than 

female students enrolled in audio-tutorial biology as meas-

ured by the Nelson Biology Test. Table III presents the data 

relevant to this hypothesis. 
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TABLE III 

COMPARISON OF THE ACHIEVEMENT OF MALE WITH FEMALE 
STUDENTS ENROLLED IN AUDIO-TUTORIAL BIOLOGY 

AS MEASURED BY THE NELSON 
BIOLOGY. TEST 

Vectors R2 
Degrees 
of 

Freedom 

Proba-
bility 

FULL 
MODEL 

RE-
STRICTED 
MODEL 

Criterion-66=NBT* 
Pr edict or 0.5533 

• = 1.1710 
=40=-0.1570 
• =-3«5507 

=41= 0.0 
- 0.0 

=42=-0.0002 
=-0.0047 

=43= 0.12&6 
= 3.3937 

0.3439 
Numerator 

- 2 
0.001 

Criterion=66=NBT* 
Predictors^ 1--0.I&27 

=-3.9964 
- 2= 0 . 0 

= 0.0 
=14= 0.5271 

= 1.1156 

Denomina.-
tor=415 

0.3204 

7.445** 

*Nelson Biology Test 
>,'̂ Significant at the 0.05 level 

An examination of the data contained in Table III indi-

cates that there is a significant difference between the 

achievement of males and females enrolled in audio-tutorial 

biology. The predictors used in the full model compare the 

achievement of males as opposed to that of females. The re-

stricted model ignores the sex of the subjects.' A comparison 
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of the values obtained for vectors 40 and 42 shows that the 

females would be expected to attain a higher score on the 

Nelson Biology Test than the males. Therefore, hypothesis II 

is rejected as not valid and the data presented would sup-

port an hypothesis stated in opposite terms. 

Hypothesis III 

Hypothesis III'stated that students whose scores fall in 

the range of the top one-third on the ACT test would score sig-

nificantly higher on the Nelson Biology Test if enrolled in 

audio-tutorial biology when compared' with those enrolled in con-

ventional biology. Table IV and Figure 1 present data relevant 

to hypothesis III. In conjunction with all hypotheses pre-

sented in this paper, a test was performed to determine if 

the vectors departed significantly from the parallel. That 

is, it was determined whether the differences were consistent 

throughout the range of the relevant variables. In no case 

do the vectors depart significantly from the parallel except 

in the case of hypothesis III. An attempt has been made in 

Figure 1 to illustrate this condition graphically. It can be 

seen that in the lower range of ACT scores the experimental 

group may be expected to score higher on the Nelson Biology 

Test than the control group. At approximately an ACT score 

of 22 the vectors cross and the control group is at the higher 

level of expectation. The slope of the vector representing 
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TABLE TV 

COMPARISON OF THE ACHIEVEMENT OF THOSE IN THE 
EXPERIMENTAL GROUP WITH THOSE IN THE 

CONTROL GROUP WHOSE ACT SCORES 
WERE 20 OR ABOVE 

Vectors R2 
Degrees 
of 

Freedom 

Proba-
bility 

FULL 
MODEL 

RE-
STRICTED 
MODEL 

Criterion=66 
Predictors=14: 

=23; 

=29: 

=30 

=31 

=32 

=33 

NBT 
0 
0 
0 
9 
0 
4 

= 0 
4 
-0 
- 6 
-0 
-0 
0 
6 

.1692 

.3531 

.3206 

.0569 

.1314 

.8441 

.1407 

.1265 

.1329 

.1337 

.0036 

.1046 

.2319 

.3429 

0.4236 

Numera-
tor=l 

0.05359 3.649** 

Crit erion=66=N BT * 
Predictors=14= 0.1747 

~ O .3696 
=23=-0.136l 

=-3.3426 
=29= 0.0120 
• = 0.3200 
=31=-0.0277 

=-0.9297 
=32= 0.1724 
• = 5.0535 

=49= 0.4562 
=10.5763 

0.4135 

Denomi-
nator== 
413 

, '''Nelson Biology Test 
**Not significant at better than the .05 level 
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the control group is steeper. It is possible that this 

aberration is characteristic of this group only, or it may be 

consistent throughout the entire'population. Only further 

testing with different samples can adequately answer this 

question. 

S 10 12 14 16 IS 20 22 24 26 23 30 32 34 36 

ACT Natural Science Scores 

Experimental group 
Control group 

Fig. 1—Vectors of experimental and control groups scor-
ing above 20 on the ACT Natural Science score against scores 
on the Nelson Biology Test (0 on Y axis = 26.77 = grand mean 
01 all Nelson scores). 

An examination of Table 17 and Figure 1 shows that in 

spite of the lack of parallel vectors, the difference between 
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the achievement of the subjects in the control group and 

experimental group who score above 20 on the ACT composite 

is not significant. Therefore, hypothesis III is rejected. 

Hypothesis IV 

Hypothesis IV stated that students whose scores fall in 

the range of the lower one-third of the ACT composite score 

(defined as equal to or lower than 15) would score signifi-

cantly higher on the Nelson Biology Test if enrolled in audio-' 

tutorial biology than those enrolled in conventional biology. 

Table V presents data relevant to hypothesis IV. (See 

Table V, on page £5») 

An examination of the data presented in Table V indicates 

that there is no significant difference between the experi-

mental and the control groups who scored below 15 on the ACT 

test composite score, with respect to achievement as measured 

by the Nelson Biology Test. Hypothesis IV is therefore re-

jected. 

Hypothesis V 

Hypothesis V stated that within each group, those stu-

dents who have successfully completed three units of high 

scnool science would score significantly higher on the Nelson 

Biology Test than those who have completed only two units in 

science. Table VI. on page 86 presents data relevant to this 

hypothesis. 
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TABLE V 

COMPARISON OF THE ACHIEVEMENT OF THOSE IN THE 
EXPERIMENTAL GROUP WITH THOSE IN THE 

CONTROL GROUP WHOSE ACT SCORES 
WERE BELOW 15 

Degrees 
of 

Freedom 
Vectors R2 

Proba-
bility 

FULL 
MODEL 

Criterion=66=NBT* 
Predictors=14= 0.1692 

= 0.3531 
=23=-0.3203 

=-9.0569 
=29=-0.l3l4 

=-4.3441 
=30= 0.1407 

= 4.1265 
=31^-0.1329 

•6.1367 
32 

0.4236 Numera-
tor^ 

= 3 3= 

-O.OO36 
-0.1046 
0.2319 
6.^429 

RE-
STRICTED 
MODEL 

Criterion=66=NBT 
Predictors-14- 0 
• = 0 

=29=-0 
=-5 

=30= 0 
= 3 

=32=-0 
•• =-0 

=33= 0 
= 6 

=43=-0 

.1699 
• 3595 
.2040 
.4492 
.1196 
.5030 
.0243 
.7133 
.2110 
.2255 
.3536 
-5053 

0.4135 Denomi-
nator^ 

413 

0.05201 3.693** 

*Nelson Biology Test 
••Not significant at the .05 level 
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TABLE VI 

COMPARISON OF STUDENTS WHO HAVE COMPLETED THREE UNITS 
OF HIGH SCHOOL SCIENCE WITH THOSE WHO HAVE 

COMPLETED TWO OR FEWER UNITS OF HIGH 
SCHOOL SCIENCE 

Vectors R2 
Degrees 
of 

Freedom 

Proba-
bility 

FULL 
MODEL 

RE-
STRICTED 
MODEL 

Criterion=66=NBT* 
Predictors=14= 0.5175 

- 1.0953 
=50=-0.0607 

=-2.1996 
=51= 0.0547 

= 2.0496 
=52=-0.1777 

=-3.3799 
=53= 0.0 

= 0.0 

0.324S 

Numera-
tor=2 0.25501 1.366** 

Criterion=66=NBT* 
Predictors= 1=-0.1327 

=-3.9964 
= 2= 0.0 

' = 0 . 0 
=14= 0.5271 

= 1.1156 

O.32O4 

Denomi-
nator 
415 

*Nelson Biology Test 
**Not significant at the .05 level 

An examination of the data presented in Table VI indi-

cates that there is no significant difference between those 

students who have had three units of"high school science in 

comparison with those that have had two or fewer courses in 

high school science. Hypothesis V is therefore not valid 

and is rejected. 



37 

Hypothesis VI 

Hypothesis VI stated that all students who had completed 

one of the Biological Science Curriculum Study courses would 

score significantly higher on the Nelson Biology Test than 

those who had not had such a course, The data in Table VII 

pertain to hypothesis VI . 

TABLE VII 

COMPARISON OF STUDENTS WHO HAVE COMPLETED A BSCS COURSE 
WITH THOSE WHO HAVE NOT COMPLETED A BSCS COURSE 

Vectors R" 
Degrees 

of ' 
Frftp.riom 

Proba-
bility 

FULL 
MODEL 

RE-
STRICTED 
MODEL 

Criterion=66=NBT* 
Predictors=14- 0.5274 

= 1.1162 
=53= 0 .0 

• = 0 . 0 
=59= 0.0567 

• = 4.4577 
=60=-0.0002 

=-0.0037 
=61= 0.1309 

= 3.9303 

0.3204 

Numera-
t o r ^ 

0.99733 0.003** 
Criterion=66 
Predictors= 1 

= 2 

= 7 

= 3: 

=14: 

NBT 
-0 
-3 
0 
0 
0 
0 
0 
0 
0 
1 

.1327 

.9970 

.0002 

.0043 

.0020 

.0739 

.0 

.0 

.5272 

.1153 

0.3204 

Denomi-
nator= 

415 

^Nelson Biology Test 
**Not significant at the . 05 level 

ftp://ftp.riom
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An examination of the data contained in Table VII indi-

cates that there is no significant difference between those 

students who have taken a course in one of the versions of the 

Biological Science Curriculum Study and those who have not, as 

measured by the Nelson Biology Test. Hypothesis VI is refuted 

on the basis of these data. 

Hypothesis VII 

Hypothesis VII stated that all students who were enrolled 

in audio-tutorial biology would score significantly higher on 

the Purdue Master Attitude Scale than those enrolled in con-

ventional biology. Table VIII presents the data that answer 

this research question. 

TABLE VIII 

COMPARISON OF EXPERIMENTAL AND CONTROL GROUPS ON 
OVERALL ATTITUDES AS MEASURED BY THE PURDUE 

MASTER ATTITUDE SCALE 

Vectors R2 
Degrees1 

of 
Freedom 

Proba-
bility F 

FULL 
MODEL 

Criterion=67~PMAS* 
Predictors^ 1=0,0469 

=1.1742 
= 2=0.0 

•=0.0 
=14=0.0070 

=0.0170 

0.0022 
Numera-
tor^ 

0.65918 0.916** 
RE-
STRICTED 
MODEL 

Criterion=67=PMAS*• 
Pr edict ors==i4~0.0048 

=0.0116 
0.0000 

Denomi-
nator= 
417 

*Purdue Master Attitude Scale 
**Not significant at the .05 level 
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The data contained in Table VIII indicate that the null 

hypothesis is affirmed; this may be interpreted as indicating 

that there is no significant difference between the attitudes 

of the students in the experimental group as compared with 

those in the control group,as measured by the Purdue Master 

Attitude Scale. Hypothesis VII is therefore rejected. 

Hypothesis VIII 

Hypothesis VIII stated that male students who were en-

rolled in audio-tutorial biology would score significantly 

higher on the Purdue Master Attitude Scale than those enrolled 

TABLE II 

COMPARISON OF THE ATTITUDES OF MALE WITH FEMALE 
STUDENTS ENROLLED IN AUDIO-TUTORIAL 
BIOLOGY AS MEASURED BY THE PURDUE 

MASTER ATTITUDE SCALE 

Vectors R2 
Degrees 

of 
Freedom 

Proba-
bility F 

FULL 
MODEL 

RE-
STRICTED 
MODEL 

Criterion=67=PMAS* 
Predidtors^L/r* 0 .02^4 

• =» 0,0689 
=40= 0 . 0 

= 0.0 
=41 = -0 .0424 

=-1 .2562 
=42= 0.1223 
' = 3.B5&6 

=43= 0.0537 
= 1.6220 

0.019S Numera-
tor^ 

Crit er ion=i67~PMAS * 
Predictors® 1 

=14= 

0.0469 
1.1742 
0.0 
0.0 • 
0.0070 
0 .0170 

0.0022 Denomi-
nator 
415 

0.02433 3.720** 

.*Purdue Master Attitude Scale 
**Not significant at the .05 level 
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in conventional biology. The data shown in Table IX on 

page $9 are relevant to hypothesis VIII. 

An examination of the data presented in Table IX shows 

that the null hypothesis is confirmed; this means that the 

experimental hypothesis is rejected. That is, there is no 

significant difference in attitudes between bhe experimental 

and the control groups, as measured by the Purdue Master 

Attitude Scale. In this model vectors 40 and 42 represent 

the experimental group and vectors 41 and 43 represent the 

control groups. A trend in the direction of the hypothesis 

is seen in the comparison of these vector pairs. 

Hypothesis IX 

Hypothesis IX stated that those students who were en-

rolled in audio-tutorial biology and whose scores fell in 

the range of the upper third of the ACT test would score 

significantly higher than those students in the upper third 

of the ACT range who were enrolled in conventional biology. 

Table X oh page 91 presents the data used to test this 

hypothesis. An examination of the data presented in Table X 

indicates that there is no significant difference between 

the experimental and the control group with respect to their 

attitudes toward their courses. The conclusion to be drawn 

is that hypothesis IX is invalid and is, therefore, rejected. 
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TABLE X 

COMPARISON OF THE ATTITUDES OF THOSE IN THE EXPERIMENTAL 
GROUP WITH THOS'E IN THE CONTROL GROUP WHOSE ACT 

SCORES WERE 20 OR ABOVE 

Vectors R2 
Degrees 
of 

Freedom 

Proba-
bility 

FULL 
MODEL 

RE-
STRICTED 
MODEL • 

Criteriorr^y^PMAS* 
Predictors=14~ 0.064$ 

- 0.1572 
=23= 0.0942 

= 3 .0462 
=29= 0.0 

= 0.0 
=s30=--0.0021 

-0.0710 
=31= 0.0091 

• = 0.3504 
=32= 0.0033 

• = • 0.1102 
=33=--0.0331 

=. -1.1133 

0.0075 
Numera-
tor^ 

0.63113 0.239 

Criterioh=67=PMAS*' 
Predictors=14= 0 .0630 

= 0.1528 
=28= 0.0937 

= 3.0302 
=29= 0 .0001 

= 0 .0034 
=31= 0 .0033 

= 0.3363 
=32= 0.0033 

= 0.1101 
=49=-0.0212 

=-0.5634 

0.0070 

Denomi-
nator = 
413 

0.63113 0.239** 

*Purdue Master Attitude Scale 
**Not significant at the .05 level 

Hypothesis X 

Hypothesis X stated that those who had been enrolled in 

audio-tutorial biology for one semester only would score 
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significantly higher than those who had been enrolled in audio-

tutorial biology for a full year. This hypothesis was intended 

to determine if there is a significant novelty effect associ-

ated with participation in an audio-tutorial program. If a 

significant difference exists in favor of those who have been 

enrolled for only one semester, then it may be concluded that 

there is a novelty effect. Table XI shows the data that are 

pertinent to this hypothesis. 

TABLE XI 

COMPARISON OF STUDENTS ENROLLED IN AUDIO-TUTORIAL BIOLOGY 
FOR ONE SEMESTER WITH THOSE ENROLLED FOR A FULL TEAR 

Vectors R' 
Degrees 

of 
Freedom 

Proba-
bility 

FULL 
MODEL 

RE-
STRICTED 
MODEL 

Criterion=67=PMAS* 
Predictors=14~ 0.0015 

• = 0.0278 
=58=-0.0l80 
• =-0.9318 

=59= 0.0421 
= 3.6181 

=60= 0.0 
= 0.0 

=61=-0.0607 
=-1.5299 

0.0060 
Numera-
torKL 

0.22205 1.480** 

Criterion=67=PMAS*• • 
Predictors^ 1= 0.0451 

= 1.1302 
= 2= 0.0 

= 0 . 0 • 
= 7= 0.0156 

= 0.7048 
= 8= 0.0 

= 0.0 
=14= 0.0076 

= 0.0184 

0.0025 
Denomi-
nator 
417 

*Purdue Master Attitude Scale 
**Wot significant at the .05 level 
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An examination of the data in Table XI indicates that 

the F statistic is not significant with respfect to the experi-

mental hypothesis. The interpretation of this fact is that 

there is no novelty effect associated with the use of the 

audio-tutorial method of instruction. Hypothesis X, as 

stated, is invalid and is rejected. 

Hypothesis XI 

Hypothesis XI stated that students in either the experi-

mental or the control group would score significantly higher 

TABLE XII 

COMPARISON OF THE ATTITUDES OF STUDENTS WHO HAVE 
COMPLETED THREE UNITS OF HIGH •SCHOOL SCIENCE 
WITH THOSE WHO HAVE COMPLETED TWO OR FEWER 

COURSES IN HIGH SCHOOL SCIENCE 

Vectors R2 
Degrees 
of 

Freedoia 

Proba-
bility 

v 

FULL 
MODEL 

RE-
STRICTED 
MODEL 

Criterion=67=PMAS* 1 

Predictors=14=-0.0041 
• =-0.0099 

=50= 0.0776 
= 3.2190 

=51= 0.0344 
= 1.4750 

=52= 0 . 0 
= 0 . 0 

-53--0.0431 
=-1 .1225 

o . o i o g 
Numera* 
tor=2 

0.16534 1.795** 

Criterion=67=PMAS* 
Predictors^ 1= 

=14= 

0.0469 
1.1742 
0.0 
0.0 
0.0070 
0 .0170 

0.0022 
Denomi-
nator 
415 

*Purdue Master Attitude Scale 
**Not significant at the .05 level 
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on the Purdue Master Attitude Scale if they had had three 

courses in high school science, as compared with those who 

had had two or fewer courses in high school science. The 

data in Table III on page 93 pertain to this hypothesis. 

The F statistic presented in Table XII is significant 

for the null hypothesis,, meaning that the experimental 

hypothesis must be rejected. This may be interpreted as 

meaning that there is no significant difference in atti-

tudes between those that have had three courses in high, 

school science and those that have had two or fewer courses 

in high school science. 

Summary 

Table XIII on page 95 is a resume of the data from.this 

study. 
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TABLE XIII 

SUMMARY OF DATA OBTAINED FROM THIS STUDY 

Hypothesis Degrees of Freedom F 

I *N = 1 20.439 

II 
**0 - 417 

20.439 

II N = 2 • 7,445 

III 
• D = 415 

7,445 

III N = 1 • 3.649 

IV 
D - 413 

3.649 

IV N - 1 3.698 

V 
D = 413 

V N = 2 1.366 

VI 
D = 415 

VI , N = 2 0.003 

VII 
D' = 415 

0.003 

VII N = 1 0.916 

VIII 
D = 417 

0.916 

VIII N = 2 3.720 

IX 
D = 415 

IX N = 1 • 0.239 

X 
D = 413 

0.239 

X N = 1 1.430 

XI j 

D = 417 
1.430 

XI j N = 2 ' 1.795 
D = 415 

1.795 

Hypothesis Accepted 
or Rejected 

Rejected 

Rejected 

Rejected 

Rejected 

Rejected 

Rejected 

Rejected 

Rejected 

Rejected 

Rejected 

Rejected 

(^Numerator 
^Denominator 
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CHAPTER V 

SUMMARYs CONCLUSIONS, AND RECOMMENDATIONS 

The purpose of this study was to test hypotheses relating 

to the achievement and attitudes of students enrolled in audio-

tutorial biology compared with those enrolled in conventional 

biology. There were 420 students from two junior colleges in 

the sample population. The groups were divided into a control 

group enrolled in conventional biology and an experimental 

group enrolled in audio-tutorial biology. The two groups were 

post-tested with the Nelson Biology Test, the Purdue Master 

Attitude Scale, and a questionnaire used to elicit information 

relative to the hypotheses. The data were subjected to analysis 

by the use of a multiple linear regression scheme which held 

the ACT natural science score as a co-variate. 

Summary of Findings 

1. The overall achievement of students enrolled in con-

ventional biology was significantly better than the achieve-

ment of students enrolled in audio-tutorial biology, as measured 

by the Nelson Biology Test. 

2* J?emale students achieved significantly better scores 

on the Nelson Biology Test than male students when both were 

enrolled in audio-tutorial biology. 

97 
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3. There was no significant difference between the 

achievement of those students in either group who scored 

above 20 on the ACT composite score,' as measured by the 

Nelson Biology Test. 

4. There was no significant difference in the achieve-

ment of those students in the experimental and the control 

group who scored below 15 on the ACT composite score. 

Achievement was measured by the Nelson Biology Test. 

5. There was no significant difference in achievement 

in either the control group or the experimental group by 

those students who had successfully completed three courses 

in high school science, as compared with those who had com-

pleted two or fewer courses in high school science. 

6. There was no significant difference in achievement 

in either the control group or the experimental group between 

those students who had completed a course in one of the 

versions of the Biological Science Curriculum Study and those 

who had not completed such a course. 

7. There was no significant difference in the overall 

expression of attitude toward biology, between the experi-

mental and the control group. 

There was no significant difference in attitude 

toward biology between the male and the female students en-

rolled in audio-tutorial biology, as measured by the Purdue 

Master Attitude Scale. 
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9. There was no significant difference in attitude 

toward biology between those students who scored above 20 

on the ACT composite score and those who scored below 15 on 

the ACT composite score, as measured by the Purdue Master 

Attitude Scale. 

10. There was no significant difference in attitude 

toward biology between those students enrolled in audio-

tutorial biology for a full year and those students enrolled 

for only one semester in audio-tutorial biology, as measured 

by the Purdue Master Attitude Scale. 

11. There was no significant difference in attitude 

toward biology among those students in either the control 

group or the experimental group who had completed three 

units of high school science, as compared with those who 

had completed two or fewer courses in high school science, 

as measured by the Purdue Master Attitude Scale. 

Conclusions 

1. While the overall achievement of the control group 

surpassed that of the experimental group, the achievement 

of specific sub-groups was not significantly different. 

2. The attitudes toward biology of the students who 

participated in the study were not markedly different be-

tween the two groups. 

3• It appears that the terminal outcomes of the two 

methods were similar. 
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Recommendations 

.1. A study of the time of day selected by the student 

and the coincidence of this time with the diurnal periodicity 

of the individual student would provide data relating to the 
* t 

effectiveness of the unstructured nature of audio-tutorial 

instruction. 

2. The relationship between the ability level of the 

student, the time spent in the study center, and the resultant 

achievement level is a basis for further study. 

3. Another aspect of the time question might be a study 

of the attitude of administrators toward, the flexibility of 

scheduling made possible by the use of the audio-tutorial 

method. 

4. Further investigation is suggested relative to the 

placement of the audio-tutorial structured sessions described 

herein, to their length, to the attempts to orient the student 

to the newer system, to the possible elimination of one or 

more structured sessions, or to combinations of these variables. 

5. Studies designed to obtain information relative to 

the combination of traits which typify the ideal student of 

audio-tutorial instruction should be undertaken. 

While the differences between conventional methods of 

instruction and the audio-tutorial system do not differ in 

most respects, additional studies need to be made, especially 

with respect to the internal functioning of the audio-tutorial 

system itself. 
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PLEASE PROVIDE THE FOLLOWING INFORMATION AS ACCURATELY AS 
IOU CAN 

1. Name 

2. Social Security Number 

3. Sex Male Female 

4. Class in College Freshman Sophomore 

5. Is biology your first course in college science? 

yes no 

6. Have you been enrolled in biology (1) second semester 

only (2) for the full year . 

7. What high school did you attend? 

3. How many science courses did you take in high school? 

1 2 3 4 

9. Did you take a BSCS biology course in high school? 

yes no 

10. If yes, which version did you take? Blue Yellow 

Green Lab Block 

Do not write below this line. 

ACT Comp 

ACT NS 

• NBT 

PMAS 
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