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ABSTRACT

DEVELOPMENT AND PILOT TESTING
OF A SELF INSTRUCTIONAL MANUAL
FOR THE DESIGN OF LEARNING MODULES:
A RESEARCH AND DEVELOPMENT STUDY
By

P. Frank Hiob

In spite of widespread use of self instructional materials
and a plethora of books and manuals on how to devél op such
materials, it was not known whether a self instructional manual
could be used to enable college level instructors with very little
background in instructional design to produce self instructional
modules which involved higher level cognitive skills. To answer
this question the author designed and tested a self instructional
manual. Six college level instructors were asked to design
modules using the cognitive skills and step by step guidance
provided by the Manual. These instructors received no additional
formal instruction regarding module design.

The completed modules were evaluated on a criterion—
referenced evaluation form by six evaluators. All six modules
reached the criterion level suggesting that the Marual was effective
as a learning experience. The designers were positive about their
experience. However, all designers indicated that they required

additional outside information to fully complete their modules.
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CHAPTER 1

GENERAL INTRODUCTION

A. Subject Area

The subject area for this dissertation is instructional design,
educational systems and educational technology. The major focus
is the design of self instructional programs in higher education,

particularly where higher level cognitive skills1 are required.

B. Statement of Problem

In the area of Dietetic Education (as in a number of other
professions? ) the national controlling body has called for an improve-
ment in the educational preparation of its pre—service students

(Study Commission, American Dietetic Association, 1972).

The term "higher level cognitive skills” refers to those skills
which on Gagne's learning hierarchies (1977) are designated as
"rule" or "problem solving".

Medical Education is another example, see A Handbook
for Change, Recommendations of the Joint Committee on
Medical Education. Wm. F, Fell Co. Philadelphia,
Pennsylvania, 1972.

1



Part of the concern is the level at which subject matter is
currently being taught. Cox (1970) found that the cognitive level
at which the average college level instructor teaches is at the
comprehension level on Bloom's (1956) taxonomy, a low level
with reliance mainly on memory. Instructors claim (Cox, 1965,
1970) that they expect their college students to operate at a much
higher level such as problem solving, where a number of concepts
and principles are combined to reach a solution to a complex

problem. This problem is fully discussed in the Marual (Appendix D).

In response to the challenge to improve the quality of education
various innovative programs are being established throughout the
country. At Michigan State University, on advice from the
University's LLearning and Evaluation Service, and funded by a
Kellogg grant, a Competency Based Education (CBE) Program 1

has been initiated in the Department of Food Science and Human

Nutrition.
1 The implied characteristics of CBE are:
1. Instruction is individualized and personalized.
2. The learning experience of the individual is guided
by feedback.
3. The program as a whole is systematic.
4, The emphasis is on exit, not entrance, requirements.
5. Instruction is modularized.

W. Robert Houston, "Competency Based Education" in
Houston, W.R., Exploring Competency Based Education,
McCutchan Publishing Corp., Berkeley, 1974.
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One feature of CBE is that it requires instruction to be
individualized and presented through modules. Individualized
instruction through modules has become the fastest growing
movement in education (Novak, 1973; Cross, 1976; Vermilye,
1976). The use of modules is also central in all other methods
of improving education through individualization (Goldschmid, 1974).

For instructors to fully participate in CBE or any plan of

individualized instruction, it will be necessary for them to be able

to design modules as only rarely will they find suitable modules
available for purchase.

The task of designing modul es should be recognized as requir-
ing a great deal of knowledge on learning, teaching, educational
materials, the specification of learning outcomes, analysis of
content, an understanding of the interrelatedness of parts of a
learning system, and the cybernetic1 nature of an instructional
system. Most of this knowledge is new to university instructors
without an education background (Chase, 1968; Clark and Hopkins,
1969; Gideons, 1970).

There are texts available on the design of modules but they
usually require a workshop, prior experience, or an intensive

period of training, e.g., System Approach for Education, (Corrigan

Cybernetic is taken to mean control through feedback.
Von Bertalanffy's (1966) explanation of the cybernetic system is
presented on p.
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et al, 1969). Self instructional maruals on modular instruction are

available, e.g. Criterion Referenced Instruction (Mager, 1961).

Unfortunately there is no research study that provides evidence

that useful modules actually result from working through a manual
without additional intervention. As Branson (1978) points out, it
may even be impossible to find a generic, all purpose manual or
model to suit the specific needs and target population of a particular
program.

Given the realities of constraints on instructors' time, and an
understandabl e reluctance to "go back to school", one alternative
would be a self instructional marual on the design of modules
developed for a particular population and with its needs in mind.

Up to now the identification of need has been on a macro level.
The target population at such a level is diverse, and according to
Branson (1978) it would be unlikely that a model could be devised
that adequately meets the needs of such a heterogeneous group.
Consequently, it is necessary to look at the micro level in order to
determine the needs of a more homogeneous group. Such a focus
would be more specific in identifiyying needs, and it would be more
likely that these specific needs could be met.

The population at the micro level for this dissertation is the
Co-ordinated Undergraduate Program in Dietetics at MSU. In

1974, MSU was awarded a grant by the Kellogg Foundation to



develop a co—-ordinated undergraduate program in Dietetics. In
its proposal for the grant, MSU stated that it would develop the
program along the lines of a competency based education system.
Subsequently a committee, designated as DUIQC1 s began to work
to bring about a CBE program.

So as not to interupt the flow of this General Introduction,
the proceedings of the Committee's work are stated in Appendix F.
The pertinent aspect of DURC was a difficulty the committee
experienced in accepting highly conceptual new ideas concerning
Competency Based Education. It was stated by the Committee
that actual examples of CBE concepts were necessary if progress
was to be made.

Given the articulated need for knowledge on CBE concepts
and a need for actual examples of modules, the author decided that
there was a need for a manual which would attempt to meet these
two needs. To the author the major problems appeared to be:

a. On the part of some key faculty members there was
a rejection of rigid CBE methodology which they equated with

behavioralism. These faculty looked for a less rigid program

Dietetic Undergraduate Resource Committee.
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which would accomodate their concerns. For example, they
refused to participate in an early step of the CBE program (that
of sequencing competencies) by stating that it was not possible

to sequence competencies when competencies had not and could
not be adequately determined through the use of a Magerian
formula. Their concern is often expressed in literature (Eisner,
1975; Elam, 1972; Neff, 1975; Ainsworth, 1977)

b. For a number of faculty, particularly those heavily
engaged in research, the concepts of CBE were quite novel.

They held an open mind to a program which would improve
learning, but did not have sufficient information on CBE to
become committed to the program.

c. Lack of concrete examples of what the innovation (CBE)
was all about led to a great deal of uncertainty. The commonly
used term "module", which was chosen by DURC as the unit of
instruction in CBE and therefore a key concept, was perceived by

many as threatening.

C. Statement of Need

Given the above problems, the author, after consulting with
a number of people fromm DURC, decided that the major needs in
which he could have some impact were:

1. To modify the CBE concepts so that they responded to
the needs and aspirations of the target population; thereby being

perceived as rewarding and consequently accepted.
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2. The dissemination process of the acceptable CBE
concepts through a product. Concrete evidence should be produced
to make CBE concepts visible.

3. The product referred to in (2) should be a module as
modules are central to CBE (Houston, 1974).

4. The acceptable CBE concepts, and how to translate
these concepts into a module, sho.uld be presented through a manual
éo as to be convenient and fit within faculty assumed method of
information assimilation.

5. The manual should address the needs expressed (on pp.1-6)

under Statement of Problem. For example, it should deal with

higher order cognitive learning rather than lower level information
skills.

Given this background the author decided to develop a manual
to address these needs. That such a manual would be effective

became the focus of interest in the present pilot study.

D. Research Questions

There are two major research questions to be addressed in
this pilot study.

First, can a self instructional manual on designing modules
be developed where those who complete the manual reach mastery
level on its contents?

Second, will attainment of mastery of the self instructional

manual result in a module which meets some minimum acceptable



standards?

There is also a third question: will the module so developed
obtain results at least as good as those obtained through traditional
methods of instruction? Because of the time required it is unlikely
that such data can be obtained. Furthermore, a number of uncontrollable
factors could bias such data. Therefore, data related to this third
question will be considered as additional supporting evidence rather
than the primary focus of this dissertation.

The following are stipulations to the research question:

a. The designer of the module will be a faculty member in
higher education in a field other than education and will have had
very little formal training in education.

b. The learning outcomes of the modules must include
higher order cognitive skills; on Gagne's (1975) classification they
need to reach at least defined concept level or higher.

c. The designers of modules will need to be in geographic
locations different from that of the authdr so as to control for possible

author input.

E. Limitations of the Study

The following limitations reduce the generalizability of this
pilot study. The major limitation is the relatively small number
of modules available for evaluation. One reason for the small

number is the tremendous amount of work involved in
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developing a module. A conservative estimate is that the design takes
something like 100 hours. On top of this is time taken for developing
materials (e.g., if the module is on PLATO, it may take another
100 hours to develop the PLATO program). For the self irLétmctional
manual to be mastered and a module produced may take six months.
The estimates stated in this paragraph are based on the author's own
experience in developing and testing the module RENAL which is on
Control Data Corporation's PLATO systems. House (1974) gives an
account of his experiences in developing modules on PLATQC; his

1

experiences parallel those of the author '.

Another limitation is the lack of controls because the modules

will be developed independently of the author, without his involvement.

Thus factors which cannot be controlled in this study include:
a) the variability of the learner/designer entry skills, b) the input
from the designer's environrment in addition to the Manual, and
c) ensuring that the designer proceed through the Marual correcting
his/her own embedded tests which dictate progress or remediation.
There are no effective controls or way of monitoring this process;
if the designer does not reach mastery on a test, will he/she in fact

go through the materials again as required, or continue with the next

Rosinski (1977) gives an account of the difficulties in recruit-
ing faculty to develop modul es even when an honorarium was
offered—-the anticipated number of modules went down from
from twenty five to just one.
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step in the marual? In other words, there are no effective
controls which allow only those who have mastered the manual
to proceed on to the design stage.

While these limitations are significant, it is felt that for
purposes of the present pilot study they must be tolerated since

further studies will lead to refinement.



CHAPTER I1

REVIEW OF LITERATURE

Organization

The review of literature is divided into two sections. The
first deals with some critical observations on literature on the
design of instruction. The second addresses research findings
pertinent to the choices made in designing the Marual, with a

concluding review on the diffusion of educational innovations.

A. Critical Observations on Literature Review

The review of literature on self instructional manuals is a
complex task. Part of the complexity is the abundance of idiosyn—
cratic, loosely defined terminology. For example, self instructional
manuals are referred to by a variety of alternative appelations includ-
ing: Systems Engineering and Training (SET), Learning Systems Design

(LSD), the Systematic Design of Instruction (SDI), Systems Approach

11



to Training (SAT), Personalized Instruction (PI), Instructional
Systems Development (ISD), just to mention a few.
In this dissertation the acronymn SAT (for Systems Approach
to Training) will be used to represent self—instructional manuals.
Differences between the manuals range from super—
ficial variations in terminology to fundamental variations in
philosophy. A basic issue on which disagreement exists is the
degree to which the instructional design process can be reduced to
a linear sequence of generally applicable, prescriptive procedures.
“The positions that have been espoused range from Eckstand's (1964)
statement that the design of instruction is primarily an art, to
the hypothesis that course design can be reduced to a series of well
defined procedures which can be carried out by untrained personnel.
Of the dozens of methods contained in the different manuals and
1in the related literature, none seem to have attained widespread
acceptance. Campbell (1971) points out that a major problem with
Tthe available manuals is that they do not indicate how their particular

M ethodology differs from other methodologies or from traditional ways

OFf developing educational programs. At the present, the use of self-

~—

1 A number of manuals state in the preface that no prior training
is required, e.g. Modular Instruction by James Russell states:
"The only prerequisite is a desire to improve student learning." (preface).
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instructional programs is growing faster than any other method

of improving instruction (Novak, 1973; Cross, 1976) and the
required ingredient in the title of the program seems to be
"systems approach" even when there is little agreement as to
what that term means. This confusion is primarily the result
of three factors: lack of standardized terminology, problems
associated with educational innovations, and the evolutionary
nature of the systems approach to manual design. Each of these

will be discussed in some detail in this section.

1. Lack of Standardized Terminology

Manuals seem to use similar terms: objectives, task analysis,
rmethodology, media selection, sequencing, objective performance
trmeasure, criteria referenced testing, individualized instruction
and evaluation.

The use of a common terminology creates the initial impression
of high content similarity among the marnuals. However, closer
i nspection of the operational definitions given to these terms
shows this impression to be false as the following example will
illustrate.

Virtually all of the manuals use the term "task analysis"

but the operational definitions of task analysis provided by the



14

manuals differ both in content and in degree of detail. While some
manuals leave much to the discretion of the analysts, others are
so specific as to provide a form broken down into hierarchical
categories such as role, duty and activity, or job, task, and
element; others provide litle or no structure as to the number

or the types of categories to be used. Some require each task

to be classified as psychomotor, cognitive or affective; others
rate each task on each of these categories; still others ignore
this breakdown.

Manuals generally provide only one procedure for task
analysis. When alternative procedures are not provided, the
assumption is made that the method given is universally applicable.
This assumption is not warranted by the literature on task analysis.
The Gilbreths (reported in Swain, 1962) in their pioneering work
on improving industrial efficiency, developed the first formalized
task analytic methodology. Their procedures were useful in time
and motion studies on production line tasks. However, in the 1950's,
R.B. Miller found that the Gilbreth's procedures did not allow for the
identification of human attributes used in complex tasks (Swain, 1962).
Miller developed a methodology entitled "task-demands analysis"

because he believed that existing methods did not provide adequate
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data concerning the demands which tasks make on the operator.
Since 1960, the number of available task analytic methodologies
has risen dramatically. A number of theorists, after reviewing
this state of affairs, have concluded that no single method of task
analysis can be generated which is valid in all circumstances
(Gustafson, Honsberger, and Michelson, 1960; Folley, 1964;
DeGreen, 1970; Rankin, 1974).

The degree to which task analysis can or should be procedural-
ized is controversial. The trade-off is that although higher degrees of
proceduralization result in narrower ranges of application, they may
permit the use of less qualified, less costly analysts. DeGreen's
(1970) analysis of this problem led him to conclude that: (a) reduction
of task analysis to a routine checkKlist procedure results in "a deluge
of useless data"; (b) task analysis must always be viewed as a means
and not as an end; and (c) the usefulness of task analytic data is a
Ffunction of the degree of expertise of the analyst.

Although the example used here is "task analysis", a similar
presentation could be made concerning each of the terms shared by
the majority of marnuals: behavioral objectives, media selection,
mMmethodology selection, criterion referenced testing, objective
performance measurement, sequencing, evaluation. Research and

analysis are needed to determine for each of these concepts, the
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degree to which pﬁocedur*ealization can be achieved, the generality

of those procedures, and the skills necessary to apply them.

2. Problems of Educational Innovations

The degree of acceptance of a given innovation is shaped
by factors other than its inherent advantages and limitations.
Campbell (1971) stated that educational innovations have historically
followed a predictable life cycle, and constructed a three-stage
model of that process. In the first stage, a new technique appears
and develops a large following of advocates who claim to have
successfully applied the technique. The second stage consists of
numerous modifications of the basic technique. The third and final
stage in the life cycle of educational innovations is the appearance of
criticism by a few vocal opponents, which grows into an inevitable
backlash. According to the model, this criticism does not serve to
stimulate improvement of the technique, but to stimulate the develop—-
ment of a new technique. At that time the cycle starts anew.

While Campbell's model is primarily descriptive, Milsum
(1968) presents a phenomenon called the "bandwagon effect" which
helps explain the model. The bandwagon effect serves to transform
researchable hypotheses (educational innovations) into political entities,

thereby t riggering the mechanism which leads to the innovation's
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downfall. The mechanism works as follows. As the number of
researchers, developers, theorists, administrators, laboratories,
schools, etc., who have vested interest in the innovation grows,

the resistance to critical examination of the innovation and to the
consideration of alternatives also grows. In addition, claims are
made for and have become entrapped in the political arena.

The process by which the innovation attains the reputation of

a panacea has an unwanted side effect. The greater the number of
people who attempt to use innovations based on unfulfillable promises,
the greater the number of people will be who are disappointed by it.
As this number grows, the criticism and backlash predicted by
Campbell’'s model occur and eventually result in the downfall of

the innovation. According to Campbell (1971), SAT is the current
innovation, and is following the life cycle predicted by his model.

That SAT has been touted as a panacea and has fallen victim

T o the bandwagon effect was first documented in 1968 by Hartley. He
<oncluded that the SAT literature is "long on persuasion and short on
< ritical self appraisal". He believed this to be the result of over—
=ealousness in attempts to use the new methodology without a clear
Understanding of what it was supposed to pr‘oduce; Carter's 1969
article, "The Systems Approach to Education: Mystique and Reality"
Provides not only a review of the problems created by the bandwagon

effect but also a realistic assessment of what can be expected from SAT.
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Sugarman, Johnson and Hinton (1975) provide further support data

and analysis in these two areas.

3. Systems Approach

The systems approach to training, SAT, evolved from "systems
analysis' (alternatively called "the systems approach'"), a methodology
developed during World War II, to solve problems created by rapidly
advancing weapons systems technology. After the war, the methodology
was found useful in the solution of problems in a variety of fields
(Saettler, 1968).

In the late 1950's, the first attempts to apply systems analysis
to the design of training programs were undertaken by the Rand
Corporation (Kershaw and McKean, 1958), and by the Human Resources
Research Organization (Hoehn, 1960).

The goal of early SAT developers was to generate tools which
could aid training programs design personnel in their day-to-day work.
These tools consisted of models, that is, formalized simplifications
of methods and techniques which other experts had found useful .

These models were intended to be used, modified or ignored, in any
particular situation, based on the discretion of the user. They were

not intended to relieve him of his responsibility as a decision maker.
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The early 1960's witnessed the emergence of a new technology
which greatly affected the evolution of SAT. This new technology
was based on the hypothesis that if training program design experts
coauld formalize models of the methods and techniques that made them
successful, then laymen could follow these models and produce the
same result at lower cost. The main thrust of developmental efforts
under this technology has been the production of manuals which attempt
to reduce the design of training programs to a linear sequence of
procedures which can be carried out by personnel inexperienced in
training program design (Dicket son, Shuiz and Wright, 1970).

During the middle and late 1960's, the proceduralized SAT concept
generated a great deal of literature. The original, generic concept
of SAT, which remained relatively dormant during that period, has
been the subject of renewed interest during the 1970's. This is,
at least partially, a result of a re—evaluation of the state—of-the-art
of educational psychology (Campbell, 1971; Glaser and Resnick, 1972;
McKeatchie, 1974), which has concluded that the available theory and
empirical evidence on the process of learning and teaching do not support
the proceduralization of the training program development process.
As McKeatchie (1974) points out, psychologists are much less sure of

the "laws of learning"” than they were a few years ago.
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Recent research is attempting to develop methods, models, and
techniques which training experts can use, modify or ignore. This
reflects a belief that development of training is a complex problem,
not solvable by proceduralized methods. For example, in the
selection of training media, Braby et al (1975), and Boucher, Gottlieb
and Morganlander (1973) have produced media sel ection models which
specifically state that their goal is to assist rather than to replace

the experienced specialist.

To conclude this section here are two statements, made

twenty years apart, which illustrate our present problem:

"There is a simple job to be done. The task can
be stated in concrete terms. The necessary techniques
are known. Nothing stands in the way but cultural inertia."
B.F. Skinner (1954)

"There is a complex job to be done. The task
cannot be stated in concrete terms. The necessary
techniques are not fully known. The equipment cannot
always be easily provided. Other things — primarily
our ignorance of the complexities of human learning -
stand in the way, as well as cultural inertia."

J. Hartley (1974)
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A. Justification for Information Chosen for Inclusion in the Manual

In light of the previously discussed problems in current manuals
on self instructional program design, a major task would be the
selection and justification of information to be included in the Manual
used in the present study. It was necessary to review the literature
for educational practices and theories. This provided information
which would enable the objectives of the Marual to be reached.

The author was not aware of any literature which sets out the
process of selecting content for self instructional marnuals. Shore
(1973) states that there is no literature on this process and suggests
that the way to decide on content is to look at existing manuals to
determine their common elements found in module development.

The common elements are: state objectives, order objectives
(sequence), devise pre and post tests, design instructional activities,
make available suitable resource materials.

Klingstedt (1971) has recommended a series of steps very closely
resembling those of Kurtz (1971). Summarized, these steps are:

Step 1. Learning outcomes are determined.

Step 2. The learning outcomes are analyzed into
smaller objectives and sequenced.

Step 3. Tests are constructed which measure entry
skills and objectives.
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Step 4. Instructional activities are designed to help

the learner master the objectives.

Step 5. A post test measures the student's achievment

of the objectives.

This author has chosen content of the Manual on the basis of
what is required to follow his seven step model and conceptual know-
ledge required to understand that model. Development of the model
is presented in Chapter IIl p.49. The major concepts are:

A. learning outcomes

B. mastery learning

C. learning processes

D. analysis of learning outcomes

E. sequencing of content

F. criterion referenced testing and measurement

G. formative evaluation, media selection and

individualizing instruction
H. modular instruction

The literature providing the research basis for these concepts is presented

next, followed by a statement of philosophical basis and format of the Manual.

In determining content the following were also kept in mind:

criticisms outlined in the review of literature, part one; information

obtained in interacting with DURC (presented in Statement of Need);

and views currently being expressed in journals.

A. Learning Outcomes

The starting step of this author's model is the specification of
learning outcomes. The use of the term "learning outcome" is a

departure from the usual term - objective, or behavioral objective.
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First a review of the behavioral objective movement is presented
and then the reasons for the preference of the term "learning outcomes".

The need for objectives is documented by Tyler (1934) who
advocated their use as both a goal for teaching and a measure of
its effectiveness. The behavioral objective movement came into
its own as part of the systems and accountability movements in
education which required measurable (therefore observable)
objectives. Mager (1965) responded to this need with his three part
formula for writing objectives. As his first book was on objectives
for programmed learning and as programmed learning was mainly
due to Skinner, people have equated Mager's objectives with behavior-
alism. Mager himself has never termed his objectives as "behavioral";
his concern was to provide measurable objectives (a form of account-
ability).

Since Mager's 1965 text there have been many others who have
proposed a formula for writing objectives. Gagne (1974) proposes
five parts to an objective: siﬁJation » learned capability, object,
action and tools. Miller (1962) proposes a skills analysis and in
his view obj ectives should include: 1. an indicator on which the
activity—-relevant indication appears; 2. the indicator or cue which
calls for a response; 3. the control object to be activiated; 4. the
activation or manipulation to be made; 5. the indication of response

adequacy or feedback.
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The level of detail used in writing such descriptions is about
the same as would be used for writing a set of technical instructions
useful to a novice.

Recently there has been a growing reaction against the use of
behavioral type of objectives (Ainsworth, 1977). Various reasons
are given. Ashby (1965) points out that a learner's performance
changes, according to the testing environment. Dressel (1977)
describes covert learning which would not be measurable (or acceptable)
if we insist that objectives call for observable behavior.

In their later writings, Gagne (1974) and Bloom (1978) have
moved from strictly behavioral objectives to a much wider concept
of "earning outcomes" which allow for certain learning to be covert
and testing to be spread over a period of time.

MacDonald—-Ross (1973) lists 16 objections to behavioral objectives.
Geiss (1977) believes that there is a place for behavioral objectives in
training but not in education.

Gronlund (1974) supports the concept of learning outcome and
emphasizes that understanding is the objective of learning, rather than
behavioral outcomes which are the responses made after understanding
occurs.

A number of authors (Harrow, 1972; Armstrong, 1971;

McAshen, 1977) believe in"learning outcomes’ replacingobjectives”
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They see thatthe learning outcome has two components — a goal and
an evaluation component. The evaluation component may accept
covert learning and different responses aécording to the envirorment.
McAshen (1977) expresses what may be the concern of many:
Once an educator understands that the learning outcomes or
campetencies are not the same thing as the behavioral objectives
(which rely on one—time observations of responses) he must question

the value of any objective that is stated in behavioral terms only.
The Manual proposes an approach which is a synthesis of

a number of researchers (Simons, 1973; Armstrong, 1971;

Smith, 1972; Harrow, 1972) who advocate a more flexible
"learning outcome" approach to the behavioral objective formula

advocated by Mager. Learning outcom'es are defined as goals,
campetencies or specific learning intents (McAshen, 1977). In

the learning outcomes approach the objective has two components -

a goal and an evaluation component. In evaluating the learner the
focus will be on the achievement of the goal to be conducted through

a sample of a number of behaviors over a period of time and accepting

the existence of covert learning (Dressel, 1977).

Designers who prefer to present objectives in the format
proposed by Mager or Gagne will not be discouraged from doing

so but others who prefer a less rigorous learning outcome

approach may do so.
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2. Mastery Learning

The concept of mastery learning is central in the move to
individualize instruction. With resistance building up against CBE
it is being suggested in literature that "mastery based education"
replace CBE as the major focus for improving education through
design (Block, 1978). In the Manual, mastery learning is the
central philosophy. The concepts of mastery learning are fully
treated in the Manual through two modules. DURC faculty reaction
has been very receptive.

The basic premise that most students can learn what needs to
be learnt, if the process is approached sensitively and systematically,
is a very old one. The Jesuit schools emphasized this before the 17th
century, Pestalozzi in the 18th century, and it has been part of the
English universities' tutor system since its inception (Klaus, 1971).

John Carroll's Model of School Learning (1963) and currently
called Mastery Learning, is the modern approach to the notion that
most students can attain a high level of learning capability. The author's
interpretation of Carroll's Model is that if students are normally
distributed with respect to aptitude for some subject and all students
are given exactly the same instruction, then achievements measured

at the completion of the subject will be normally distributed. Under
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such conditions the relationship between aptitude measured at the
beginning of the instruction and achievemént measured at the end
of the instruction will be relatively high (ty[.;ically about + .70).
Conversely, if students are normally distributed with respect
to aptitude, but the kind and quality of instruction and learning
time allowed are made appropriate to the characteristics and
needs of each learner, the majority of students will achieve
mastery of the subject. And, the correlation between aptitude
measured at the beginning of instruction and achievement measured
at the end of instruction should approach zero.

Carroll's (1963, 1970) model states that the level of
mastery reached by a learner on any instructional task is a
function of the time actually spent learning the material and the
amount of time he needs to master the material. The amount of time
a student actually spends learning the.material depends on two factors:
time allowed, and his perseverance. The amount of time needed by
the stude nt is dependent on three factors: aptitude, quality of the
instructional materials, and his ability to understand the instructional

materials.
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Research findings on mastery learning have been impressive
(Keller, 1968; Block, 1971; Bloom, 1971). However, as Cross
(1976, p.77) observes

Those two stalwarts of the school system - grades

and semesters -~ become almost meaningless when mastery
learning is implemented. Ideally, all students would earn

A grades, and they would take as much time as
necessary to accomplish this level of mastery.

The Manual has two modules on mastery learning, which take
a total of over four hours to complete. The emphasis is on concepts
and supporting research findings to give the designer a strong
knowledge base for possible attitude change (from traditional norm-
referenced approach to a mastery approach). The problem of
grades and semesters raised by Cross are not discussed as these
are mainly organizational problems where the individual faculty
member has very little control. It is a speculation on the part of
the author that given the two modules on mastery learning, the
designer will gradually incorporate as many mastery concepts

as organizational constraints will allow.
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3. Learning Processes

The Manual places great stress on the learning process; it
continually asks the reader to start the design process by asking
"how can the learner learn this objective?" rather than the common
approach which starts with "how should I teach this?".

Since Pavlov and Thorndike began their studies of learning,
thousands of experiments have been conducted on the learning
process. The Manual does not follow any particular school of
learning or researcher, but is a synthesis of the generally
accepted theories. Consequently the theories of Thorndike (1921),
Skinner (1968), Ausubel (1968), Bruner (1966, 1971) and Gagne (1974)
are prominent.

Bruner (1966, 1971) is concerned with inducing active participation
in the learning process on the part of the student, catalyzed by a
"discovery-learning" environment, and by frequent challenges to
solve novel problems. To Bruner there are three major stages of
intellectual development; these are the enactive, the iconic and the
symbolic representations. He has based some of his work on Piaget
and in turn, much of Gagne's hierarchies are based on these three

basic representations.



Ausubel (1968) is primarily concerned with meaningful
reception learning and the acquisition and retention of knowledge.
The major emphasis of his theory is on the inferred processes
presumed to be in operation. The major concepts taken from
Ausubel and used in the Marual are: advance organizer,
anchoring ideas, cognitive structures, subsumption and
assimilation.

Skinner (1968) and Thorndike (1921) are very similar and
are treated together. Skinner, as is typical of the S—-R tradition,
limits his attention and discussion to observables. He is concerned
almost exclusively with input—output relationships and does not
write about inferred variables. The concepts used in the Manual
which are directly derived from these two researchers are:
stimulus, reinforcement and contingencies of reinforcement,
chaining, shaping, respondents and operants.

Gagne (1974) emphasizes the learning of several kinds of
learning outcomes, each requiring a different kind of mental
process. The conditions for learning involve the interaction of
internal conditions of the learner, and the external conditions of
the learning environment. Each kind of learning outcome requires

a different set of these internal and external conditions.
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There is one additional theory of learning which is used in
the Manual and ignored in other manuals reviewed. That is the
information processing theory. According to this theory, the
processes that one must conceive in order to explain the phenomena
of learning are those that make transformation of inputs to outputs
in a fashion somewhat analagous to the workings of a computer.
These various forms of transformations are what goes on "inside
the learner's head" - the learning process. Theoretical accounts
of the information processing theory are: Atkinson and Shiffrin
(1968), Norman (1970), Anderson and Bower (1972), Lindsay and
Norman (1972).

The information processing theory is closely related to
cybernetic concepts in biological-behavioral sciences. Von Bertalanffy(1966)
explains the cybernetic system in this way:

"The minimum elements of a cybernetic system are

a 'receptor' accepting stimuli (or information) from

outside as an input; from this information a message is

led to a 'center' which in some way reacts to the message

and, as a rule, amplifies the signals received; the

center, in its turn, transmits the message to an 'effector'

which eventually reacts to the stimulus with a response

as output. The output, however, is monitored back, by

a 'feedback' loop, to the receptor which so senses the

preliminary response and steers the subsequent action

of the system so that eventually the desired result is
obtained." (p.40)
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The different learning theories mentioned so far are used
thoughout the Manual particularly in Step 4 (planning of the lesson)
and Step 5 (construction of the lesson), when they are most applicable.
The author sees no problem in this approach as the theories used are
not contradictory but rather complementary. Full statements of
learning theory would be beyond the scope of the Manual. Brief
abstracts accompany the major bibliography for those who wish
to bursue any particular theorists.

There is one exception — that of information processing theory.
A module on information processing theory is included in the Manual
in response to interest in this theory expressed by faculty during

formative evaluation.



4, Analysis of Learning Outcomes

Usually SAT refers to this step as "task analysis" and part one
of the review of literature points out that all the manuals reviewed
presented only their own methodology without reference to other
alternatives, thereby giving the beginning designer a naive view
of straightforwardness and simplicity of the process.

In the present Manual three alternate methods are recommended,
according to the learning involved. The designer is to choose the
method which suits the type of learning outcome which is desired.

If the learning outcome involves procedural tasks then the approach
of Davis, Alexander and Yelon (1974) is recommended. When the
learning outcome involves mostly cognitive processes then the
approach of Gagne (1974) is recommended and when the learning
outcome involves both procedural and cognitive processes then the
approach of Singer and Dick (1974) is recommended.

Through interviews with target faculty and during formative
evaluation, the author found that the actual choice of topic as a
suitable "chunk" proved difficult. The work of Cook and Walbesser
(1973) addresses this concern and their methodology is included.
Briefly, they suggest the use of a topical hierarchy before developing

an instructional hierarchy.
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The Manual is mostly concerned with the teaching of higher
cognitive skills and therefore the work of Gagne and Briggs (1974)
is used more extensively. Much of their l';'lethodology calls for
hierarchical analyses and sequencing; research findings in this

area follow.

5. Sequencing of Content

Duncan (1972) indicates that there have been three main
approaches to research on sequencing. Some investigators have -
taken a theoretical approach — basing their work either on
Skinner's ideas about shaping behavior or on Gilbert's ideas
about the chaining of sequences of responses (Gilbert, 1962;
Mechner, 1967). Other investigators have looked in more detail
at Mager's approach of determining the sequence preferred by the
learner rather than that preferred by the teacher (Mager, 1961}
Mager and Clark, 1963). Other investigators have based their
approach to sequencing by manipulating the internal structure of
the subject matter with which they were dealing, an approach
owi ng much to the theoretical position of Gagne (Gagne, 1970;

Gagne and Briggs, 1974). The Manual suggests that where the
content has f'nostly cognitive skills then the methods advocated by

Gagne be followed. However, as research does not identify a "best"

method the Manual also mentions alternate methods (but in less detail).
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Each of these approaches will now be briefly considered.
As a part of his approach to programming, Gilbert advocated that
a sequence which could be classified as chain-like ( a followed by b
then c then d etc.) should be taught retrogressively. That is, the
learner should make the last response first. Gilbert advocated that
doing the last response—-—completing the chain—was the easiest
response to make and the most motivating to reinforce. He therefore
advocated that learners should, in effect, be progranmed to make
their responses to a chain in the correct order but always building
up to completing the end of the chain. Experiments have failed to
indicate any superiority for this approach (Wilcox, 1974).

A number of studies have offered support for Mager's
learner—controlled rather than instructor—-controlled sequencing
(Horn, 1964; Briggs, 1968; Issing and Eckert, 1973; Newkirk, 1973)
although there have been exceptions (Allan and McDonald, 1966).

In many of these studies, though, the results are confounded with
other variables which could have affected the results (Merrill, 1973).

The most interesting approach to sequencing, however, has
concerned itself with the implications of the argument that if a
subject matter has an internal structure, then there should be a
logical teaching sequence consequent upon it. Gagne argues that

many subject matters have a hierarchical structure. What one has
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to do to discover this structure, is to ask, "What does a learner
have to know in order to do this task when given only the instructions
to do it?" An answer to this question provides material to which
one can apply the same question, and so on, defining in a sense a
subset of skills, or more technically, a cumulative hierarchy of
sub—-tasks. The phrase "cumulative hierarchy" simply implies that
the learner must be able to succeed at one level before he can go
to a higher one.

The results from recent experiments have not always
supported Gagne's approach (White, 1973), but the hierarchical
notion still continues to attract attention (Airasian and Bart, 1974;

Kozma, 1974; Phillips, 1974; White, 1974).

6. Criterion—-Referenced Testi.ng and Measurement

In a questionnaire administered to DURC, a series of
questions concerned the members' practices in grading. The results
showed that only one member utilized the philosophy of criterion—
referenced testing. A check of term grades posted outside offices
also demonstrated that students' grades were closely along a normal
curve. Consequently, criterion—-referenced testing is prominent in
the Manual, however, norm-referenced testing is also recommended

for certain purposes.
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Criterion—-referenced tests are specifically designed to meet
the measurement needs of instructional programs following a
systematic design. In contrast, the better known norm-referenced
tests are designed principally to produce test scores for ranking
individuals on the ability measured by the test.

A very flexible definition of a criterion—-referenced test has
been proposed by Glaser and Nitko (1971): ". . . [a test] that is
deliberately constructed so as to yield measurements that are
directly interpretable in terms of specified performance standards."
(p.653). According to Glaser and Nitko (1971):

The performance standards are usually specified

by defining some domain of tasks that the student should

perform. Representative samples of tasks from this

domain are organized into a test. Measurements are

taken and are used to make a statement about the

performance of each individual relative to that

domain. (p.653)

Further distinctions between norm-referenced tests and criterion-
referenced tests have been presented by Ebel (1971), Glaser (1963),
Popham and Husek (1969), Glaser and Nitko (1971), Hieronymous
(1972), and Livingston (1972).

Hambleton and Norvik (1973) have noted that the primary
problem in criterion—-referenced measurement is that of classifying

a student into one of several mutually exclusive mastery states or

categories. Mastery states are introduced to represent different
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levels of performance on the domain of items measuring each
objective covered in the criterion—referenqed test. Typically, a
cut-off score or mastery level score is set to permit the teacher

to assign students, on the basis of their performance on each

subset of items measuring an objective covered in the criterion-
referenced test into one of two mutually exclusive categories -
masters and non—-masters. (See Millman, 1973, and Block, 1972,
for discussions of guidelines for setting cutting scores.) In the
Hambl eton—-Novick formulation, criterion—referenced test

reliability takes the form of an index indicating the consistency

of decision-making across parallel forms of the criterion-referenced
test or across repeated measurements (Swaminathan, Hambleton and
Algina, 1974). Validity takes the same form excgpt, of course, that

a new test or some other appropriate measure serves as the criterion.
The Manual advocates the use of criterion referenced tests when

evaluating student progress but asks the designer to consider norm
referenced tests for post tests. This method is advocated by Yelon
(1976) who points out that employers need to know how students

stand in relation to each other.

7. Formative Evaluation

A major feature of this author's model is the heavy emphasis
on formative evaluation. The Manual recommends that formative
evaluation be conducted while the module is being developed. Such
evaluation provides information to developers that would allow them

to modify and improve their product.
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The inadequacy of current use of formative evaluation
procedures in the development of products has been well docum ented
by Komoski (1971). He notes that less than one percent of all the
14,000 textbook titles being sold have been formally evaluated. Of
the 80 manuals on the design of courses which this author has
reviewed, only two show evidence of formative evaluation.

The heavy emphasis on formative evaluation in this author's
program is based on the belief that in order to assess the effective-
ness of instructional systems, a variety of data types need to be
utilized in the program.

Formative evaluation is conducted through the following:
embedded or in-program tests, pre and post tests, and attitudinal
surveys. Each of these will be treated in turn.

1. Embedded tests have been found to be "very useful "
(Baker and Alkin, 1973).. Their major usefulness is to test whether
the student is mastering the sub—-objectives (Dick, 1968), to give
constant feedback to the learner (Crowder, 1960) and as a diagnostic
function, indicating what particular discriminations need additional
attention. Glaser (1966) suggested that within—-program errors
represented an inadequacy of the program itself. Recommendations,
based on research, on the sorts of data to collect in program develop-

ment have been forwarded by Markle, 1967; Baker, 1973; Dick, 1978.
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A number of researchers have offered formative evaluation models:
Scriven (1972) and Stake (1972) imply that it is best that the formative
evaluation be performed by someone external to the program. Scriven calls
his approach "goal free evaluation" and establishes a rule in which the
formative evaluator collects his or her own data and renders assessment
on the actual effects of the program.

Stufflebeam(1971) and Alkin (1969) emphasize the necessity of
structuring evaluation so that it serves decision making purposes by
producing appropriate and timely information.

There are numerous models and checklists for product development
processes. These vary from conceptual schemes (Schutz, 1970) to
comprehensive step by step procedural checklists (Borg and Hood, 1968).
All models strongly advocate the use of formative evaluation as stated by
Baker and Alkin, 1973:

"... at the core of each model, regardless of its esotericism or

practicality, is the realization and recognition that product

development and formative evaluation are intertwined as snake

and staff and that product revision depends upon the generation

of formative evaluation data."

The Manual synthesizes most of the concepts and procedures

discussed here; these form Step 6 of the Marual which is enclosed

as Appendix D.
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2. Post test data. The form and frequency of gathering
post test data is not clear. Husek and Sirotrik (1968) and Shoemaker
(1972) have described a procedure to reduce the amount of testing
time requisite for program revision. Samples of test items are
administered to samples of learners and the sum across all items
is used as an index of program success.

The number and use of subjects is an important point.

Robeck (1965) used a single student as the data source and showed
that this economical method significantly improved the product.
The above procedure has been verified by Fleming, 1973, ard
MarKe, 1967. The main problem was to determine which student
to select.

A variation of the single student procedure is advanced by
Abedor (1972) who used a small group cambined with a debriefing.
Baker (1973) commenting on Abedor's study points to an interesting
byproduct of the study: the analysis of the data suggests that obtaining
feedback through procedures utilizing a student debriefing session may
serve as instructional product development training.

A number of studies have shown that when data from formative
evaluation is used to revise the product then considerable improve-
ment is achieved (VanderMeer, 1964; Gilbert, 1962). However,
no research has been conducted into the form that formative evaluation
should take and how early in product development shoud evaluation take

place.
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8. Modular Instruction

This general heading includes the concept of individualized
instruction through the use of modules. The effectiveness of
individualized instruction through the use of modules has been
demonstrated in a large number of studies (Celinski, 1968;
Ferster, 1968; Keller, 1968; Lloyd, 1969; Myers, 1970; Bern,
1971; Johnson, 1971; Kulik, 1974).

There is ample evidence in literature that modular instruct-
ion, be it a small part of curriculum or the whole curriculum,
is working. Brown et al (1976) describe the function of College 1V,
one of five Grand Valley State Colleges in Allendale, Michigan.

At this college, all courses are taught by a self-paced modular
system of instruction. The school has attracted large numbers of
non—-traditional and adult students who cannot attend pre-arranged
classes. The College has developed a flexible administration to
allow for continuous registration and enroliment.

Bridge (1976) surveyed 43 modular, self-paced courses in
physical, social and applied sciences being taught in England and
Ireland. The results show an overwhelming approval of self-paced
modular approach both by students and faculty.

Taveggia (1976) presents an overview of 14 studies which

compared learning outcomes of self-paced modular instruction and
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conventionally taught courses. Student performance on course
content examinations showed that modular instruction is superior
to conventional methods.
The above are just three studies. Journals such as Higher

Education, Educational Technology, carry alarge number of

similar studies. A recent issue of the Journal of Personalized

Instruction (3,1 of March, 1977) carried a list of 54 major articles
which give research findings supportive of modular instruction.
The basic theme of the Marual is that much of university
instruction should be presented through the use of well-designed
modules where the subject matter and situational constraints allow

this (as outlined in Step 1 of the Manual).

9. Diffusion of Educational Innovations

The factors which encourage or impede the diffusion and
acceptance of innovations in education have been discussed widely
in literature (Lippitt, Watson, and Westley, 1958; Marcum, 1968;
Bennis, Benne, and Chin, 1969; Havelock, Huber, and Zimmerman,
1969; Rogers and Shoemaker, 1971). The kinds of factors that
students of planned change have iderntified as generally supporting
innovation in education include, after the outline of Glasser (1971):

organizational attitudes that support change; clarity of goal structures;
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organizational structures that favor innovation; professionalism of
staff; organizational autonomy; and strong vested interests in
preserving status quo methods of operation.
Of particular concern to this study is the use of a product

to encourage the diffusion and acceptance of an innovation. Under

the Statement of Need (p.6) it was stated that the Manual would also
serve as a change inducing mecﬁanism . The author saw the Manual
as one of the means of diffusing an educational innovation (which in
this study is CBE) by having designers produce modules (visible
products). The author sees the availability and trialability of
products to be a necessary part of an acceptance process, because
the innovation (CBE) amounts to a conceptual approach to education,
made up of many concepts. The Manual transposes these concepts
into concrete visible products which can be demonstrated, tried

and tested.

The theoretical position for the author's assumption for the
need for concrete products is supported in literature. First, the
diffusion of an innovation is a process. This process is described
by Katz, L.evin, and Hamilton (1972) as starting with acceptance,
over time, of an idea by individuals in the system. Rogers and
Shoemaker (1972) also see diffusion of innovation as a process over
a series of stages. They see the process as starting with awareness
of the innovation, then a show of interest in the innovation, followed

by opportunities to evaluate the characteristics of the innovation,
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then the innovation must be trialable before it is finally adopted.
Rogers and Shoemaker (1972) found that the acceptance of

an innovation depended on five characteristics or attributes of that

innovation as perceived by the target population: (1) the relative

advantage of the innovation over other methods or products, (2)

the compatabil ity of the innovation with ideas already held, (3) the

relative complexity of the innovation (a less complex innovation

has a better chance of acceptance over a more complex innovation),

(4) that the innovation be trialable and (5) the innovation be observable.
As stated earlier, the conceptual nature of the innovation (CBE)

required that it should be presented in a trialable and observable

format. Rogers (1972) provides further guidelines as to the attributes

of an innovation which determine its acceptance; this is further

discussed on p.



CHAPTER III

METHODOLOGY

A. Type of Research

This dissertation is a pilot study. According to Borg and
Gall (1971) a pilot study is used to experiment with a variety of
approaches, ideas, procedures thus allowing an appraisal of
their adequacy, and also allowing unforseen problems to surface
(pp. 60-61).

The dissertation follows what Borg and Gall (1971) term as
"research and development" (R & D) methodology. This type of
research differs from most basic and applied research projects
in a number of ways. Its objective is a finished pr“oduct1 that can
be used effectively by a designated population. The most critical
difference between basic and applied research and educational R & D
is the sequence that is followed. The typical steps inthe R & D
sequence are (after Borg and Gall, 1971, p.31):

1. Develop a set of objectives that the product should achieve.
2. Conduct research or review previous research to discover

the deficiencies of current products and to identify approaches

The "product" in this study is the Manual

46
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that are likely to overcome these deficiences.
3. Develop a product to the point where one may reasonably
expect that it will accomplish its objectives.
4, Test this product and evaluate its effectiveness in meeting
objectives.
5. Revise the product on the basis of the field test results.
6. If it is successful, put the product into operational use.
The R & D sequence proposed by Borg and Gall (1971),

was followed in this way:

1. Develop a set of objectives that the product should achieve.

A set of cognitive objectives, followed by production
objectives, is presented on p. 58. The designer will acquire the
cognitive skills and then transfer the cognitive skills to the actual
production of a module.

2. Conduct research or review previous research to discover

the deficiencies of current products and to identify approaches
that are likely to overcome these deficiencies.

Much of this is done in the Review of Literature (pp. 11-45).

and in the Statement of Problem (pp. 1-6)

3. Develop a product to the point where one may reasonably
expect that it will accomplish its objectives.

Research underlying the major componrnents of the product

(the Manual) are presented in the Review of Literature. The method
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of developing the Manual is described on p. 49. Development also

included rigorous formative evaluation.

4, Test this product and evaluate its effectiveness in meeting
objectives.

Testing takes three forms:

a. Formative evaluation of the Manual;

b. Evaluation of the products of the Manual (the module)
which is done through evaluation by a panel of expert
judges using criteria set out in Appendix A;

c. A field test of the modules as explained in Summative

Evaluation.

The final revision of the product, so that it can be put into

operational use, is not part of this study.
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B. Development of the Self Instructional Manual

The process of developing the Manual was through four main
steps: a) determining the philosophical basis and format, b) identifying
content, c) identifying cognitive objectives, d) identifying product
objectives, and e) formative evaluation. The Manual is enclosed as

Apperdix D.

1. Philosophical Basis and Format of the Manual

Philosophically, the Manual is to provide information in
possible techniques; the term '"techniques' being used in its broad
sense as defined by Ellul (1967): technique is nothing more than
means and the ensemble of means (p.19).

The Manual follows a philosophy which calls for the integration
of a systems approach to instruction with that of a humanistic approach
to education. Fox and DeVault (1974) found that the best examples of
individualized instruction are those that blend these two approaches.
This approach is fully explained in the Manual.

In the vernacular of the target population, the Marual offers an
educational cafeteria of techniques instead of the more common
educational "plat du jour". The author does not suggest a radically
different view or urge the substitution of a new system for an existing

one. Instead, the Marnual present<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>