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ABSTRACT

AN EVALUATION OF THE
INSTRUCTIONAL SYSTEMS APPROACH
IN HIGHER EDUCATION

by Gregory Louis Trzebiatowski

The purpose of the study was to critically analyze
the systems approach to instructional development in order
to determine the overall potential of this approach in higher
education, and to discover which operational and theoreti-
cal areas need further development.

The methodology was primarily one of descriptive and
critical analysis of the instructional system approach in
higher education. Existing systems literature was analyzed,
interpreted, and related to higher education needs and ex-
trapolated in terms of two early attempts at Michigan State
University to develop university level courses with instruc-

tional system development (ISD) procedures.

SUMMARY AND CONCLUSIONS

The instructional systems approach to curricular plan-
ning seems to have great potential as an instructional
planning technique. 1Its two greatest contributions are the
capability to identify key instructional decision points

and a management/planning methodology which permits educa-
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tors to take optimum advantage of what is known about the

art of teaching. This potential, however, is largely un-
realized because a comprehensive instructional system theory
which is capable of producing a "true" instructional system
has yet to be developed. Because of the need for an instruc-
tional system theory, the following recommendations which

can guide its development are summarized below.

Theoretical Concerns

1. Instructional system theory should be developed
within the framework of a social system theory. It should
not develop within an industrial-military training system
theory because of the philosophical differences between
training and education.

2. Training oriented system design experts should

not be permitted to make instructional decisions.

3. Strategies of instruction, including those that
are technologically oriented, must undergo extensive devel-
opment before their potential can be realized.

4. The various strategies of instruction must be
unified to form a workable theory of instruction which
can operate within the parameters of an instructional sys-

tem theory.

As a result of the analysis of Michigan éEEEé“Uhive:T

sity's instructional system field trials, a number of
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operational problems which merit further study were noted.
These are summarized into two groups; those which should
be resolved before instructional system development begins

and those which are of concern during ISD.

Concerns Prior to ISD

1. The validity of the course. The course which is

being considered for ISD should be both internally and ex-
ternally valid.

2. The role of the instructor. It should be deter-

mined prior to ISD which of the several possible roles the
course instructor will assume. He should be involved in
all phases of ISD to insure maximum personal growth.

3. The availability of primary technology. The avail-

ability of an established network of primary instructional
technology seems to be a prerequisite to the development of
an IS.

4. A priority policy. A central administrative unit

of the university should establish a policy regulating
priorities for course development through ISD.

5. The question of utility. An extensive study should

be conducted on the cost of input versus the desirability
of output in ISD.

6. Training the ISD team. A thorough training pro-

gram should be developed to train the instructor and the

interdisciplinary team in system design procedures.
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7. Public relations. An active public relations

program should be established to inform the university
faculty, students, and other interested individuals of

ISD activities.

Problem Areas within ISD

1. The determination and statement of IS goals.

2. Tﬁe collection and use of input data.

3. The analysis of the objectives and behaviors which
constitute the instructional system's requirements.

4. The selection, implementation, and evaluation of
instructional strategies.

5. The storage and retrieval of instructional mater-
ials according to the behavioral objectives which they are
designed to accomplish.

6. The production of instructional materials which
are designed to fulfill specific behavioral objectives.

7. Simulation of the newly synthesized instructional
system.

8. The collection and evaluation of feedback systems

which will permit the redesign of instructional systems.



AN EVALUATION OF THE
INSTRUCTIONAL SYSTEMS APPROACH
IN HIGHER EDUCATION

By

Gregory Louis Trzebiatowski

A THESIS

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

College of Education

1967



~~

S
6\\

hS

)

S
SN

Chapter

I.

II.

III L]

Iv.

TABLE OF CONTENTS

THE PROBLEM. . &+ « & v o o o o o o o o o o o &

Need for the Study. . . .
Purpose of the Study. . .
Methodology . . . . .

Organization of the Study
Definition of Terms . . .
Summary . . ¢ o ¢ o o o o

L] L[] L[] L[] L] [}
L[] L[] . L] L] L]
L[] L[] . [ ] L]
L] L[] L[] L] [ ] L[]
L]
.
L[] L] L] L] L] L[]
. L]
. L] L[] L[] [ ] .

REVIEW OF LITERATURE . . . . . . . « ¢« ¢ ¢ o o

Systems: A Conceptual Tool . . « o o
Properties and Characteristics of Systems
Action of Systems . . . ¢ ¢« ¢ ¢ ¢« ¢ o o
General System Theory . . . .
The System Disciplines. . . .

Information Theory . . . .

L[] [ . [ ]

System Engineering . . .
Operations Research. .
The Design Approach of System Research.
The Potential of Instructional Systems. .
Administration and the Systems Approach.
Communication and Instructional System
Design . ¢ ¢« ¢« ¢ ¢ ¢ ¢ o o o o o o
The Curriculum Subsystem . . . . . .
The Instructional Subsystem. . . . . . .

SUMMArY . ¢ « « 2 o o o o o o o o o =

THE SPECIALIST mDEL L3 . .o . . Ll L] - . L] L] . .

Models. . . . . . . .
The Function of Models
Kinds of Models. . . .
Limitations of Models.
Theory vs Models , . .

The Specialist Model. . .
The Design Setting . .

AN ANALYSIS OF THE SPECIALIST MODEL FOR
INSTRUCTIONAL SYSTEM DEVELOPMENT . . . . . . .

Basic Guidelines for System Design.
The Background of the Field Trials.
AnalysSiS. . . ¢ ¢ ¢ ¢ ¢ ¢ o o o o o
SUMMArY « ¢ « o o o o o o o o o o

. L[] L] .
L]

L] L] L] *

L] . L] L]

ii

78
79
80
83
84
86
96

100

101
106
109
130



TABLE OF CONTENTS (continued)

Chapter Page
V. CONCLUSIONS AND SUGGESTIONS FOR FURTHER

STUDY. [ o . - . . [ - . . . . . . L] . . 3 o . 132

Conclusions Concerning:
General Systems Theory . . . « . . . . . 134
The Systems Disciplines and IS Theory. . 137
Educational Systems vs Training Systems. 139
Higher Education and the Systems

Approach . . . . . « « « « « « « o 140
The Interface Between Systems. . . . . . 140
Determination of Course Content. . . . . 143
The Role of the Instructor . . . . . . . 144
Facilities and Personnel . . . . . . . . 149
Priorities: Courses and Costs . . . . . 150
Instructional System Development . . . . 152
Time as a Factor . . . « « « « « . . 153
Instructor Training. . . . . . . . . 154
Training the ISD Team. . . . . . . . 154
The Interdisciplinary Team . . . . . 155
The Need for Communications. . . . . 155
Defining the Course Goals. . . . . . 156
Defining the IS. . . . . « . . . « . 157
Analysis of Requirements . . . . . . 158
Strategies of Instruction. . . . . . 160
Selecting Instructional Materials. . 163
System Synthesis . . . . . . . . . . 164
Feedback: Testing, Evaluation and
Redesign. . . . . . . . . . 164
SUMMAXY + « ¢ 2 o o o o o o o o s o o o« o« « 165

BIBLIOGMPHY L] L] L] L] L] L] L] L] . . L] . Ll . L] . L .o Ll . L] 16 9

APPENDICES . « &+ &« ¢ « o o o o o o o o o o o o o« « « o 183

iii



CHAPTER 1

THE PROBLEM

The Need for the Study

Pressures to improve instruction in higher education
are being felt from many directions. Societal pressures
such as population growth; the growth of knowledge, espec-
ially in science and technology; and the rising aspirations
of the individual coupled with America's increasingly import-
ant role as a world leader are demanding that more indivi-
duals go to college to learn more, and at a higher level
of sophistication, than ever before in our history. Pres-
sures within higher education are demanding that college
faculties devote an ever increasing proportion of their
time to research and government service, leaving less pro-
fessional time to be devoted to curricular planning and
classroom teaching.

The pressures to improve instruction in higher edu-
cation cannot be relieved by simply adding more staff, be-
cause America's institutions of higher learning, particularly
the state-supported institutions, face a problem which is
rapidly growing more acute--the shortage of capable teach-
ers for an increasing student population. The dimensions

of the problem are difficult to estimate, since there are



a number of variables involved, but even the most optimis-
tic estimates leave little question that higher education
will face a critical shortage of teachers within a few years.
The shortage of qualified teaching faculty was dra-
matized by Frederic W. Ness, President of Fresno State
College, California, in his recent article in the Saturday
Review, when he said, "At present there are some 338,981
students enrolled in graduate programs in American colleges
and universities, with roughly 15,000 completing the doc-
torate annually. The national demand for doctorates, how-
ever, is from three to six times this number, by the most
conservative estimates; and when a Ph.D. is not available
there is often nothing to do but settle for the second
best.“1

The results of the Carnegie Foundation for the Ad-

vancement of Teaching Study, The Flight from Teaching,2

shows that the problem is further complicated by university

professors being lured away from teaching by higher salaries

and higher prestige into research and government service.
The alternatives for dealing with the college teacher

shortage problem are few. Limiting enrollments is one

lFrederic W. Ness, "The Case of the Lingering Degree,"
Saturday Review, XLIX (Jan. 15, 1966), p. 65.

2The Carnegie Foundation for the Advancement of
Teaching, Flight from Teaching, Reprint from the 1963-1964
Annual Report (New York: The Carnegie Foundation for the
Advancement of Teaching, 1964), p. 4.




alternative, but this can hardly be an acceptable solution
in light of the American tradition of opening educational
opportunities to everyone. The realistic alternatives are

a decline in the quality of education, or changes in the
strategies of instruction and administrative arrangements
which might better utilize the available teaching and learn-

ing resources.3

Instructional Systems as an Alternative

Some educators who are keenly interested in the
problems of improving instruction in colleges and univer-
sities have suggested that instructional system development
is one of the more promising alternatives currently being
explored.

Before describing instructional systems and dis-
cussing models for their development, it is necessary to
consider in general what is meant by system, a much-defined
term, and one which has meaning in every form of organized
research and learning.

General systems methodology permits a system to be
defined broadly as any grouping of components which oper-

ates in concert or related fashion with the purpose of

3Committee on Utilization of College Teaching Re-
sources, Better Utilization of College Teaching Resources,
(New York: Fund for the Advancement of Education, 1959),
p. 8.




accomplishing a specified goal or set of goals. Educators
are familiar with phrases using the term system; e.g., school
system, educational system, grading system and closed-circuit
television system. Instructional systems are those systems
which are made up of instructional components; i.e., teach-
ers, pupils, texts, etc., which interact to accomplish
specific educational goals.

As early as 1956, Hoban, in his keynote address at
the Second National Audiovisual Leadership Conference at
Lake Okaboji, proposed an instructional systems approach
to audio-visual communication.4 Using Shannon and Weaver's

Communication Model5

as a base, Hoban developed an audio-
visual communication system which was designed to increase
the overall effectiveness of instructional communication.6
Educational researchers have long been interested
in the adaption of systems analysis to the problems of im-
proving instruction in higher education. Systems analysis

refers to the specific analytical technique for observing

the operation and organization of an operating system in

4Summary Report of the Second Lake Okoboji Audio-
Visual Leadership Conference held at Iowa Lakeside Labor-
atory, Lake Okoboji, Milford, Iowa, August 19-22, 1956,
Sponsored by the State University of Iowa and NEA Depart-
ment of Audiovisual Instruction, p. 8, (Mimeographed).

5Claude E. Shannon and Warren Weaver, The Mathemati-
cal Theory of Communication (Urbana: University of
Illinois Press, 1949).

6

Hoban, 13.



order to develop a logical and complete description of the
functioning system.

At a symposium on the state of research in instruc-
tional television and tutorial machines, Carpenter, using
more formal systems terminology than Hoban, outlined the
general requirements of "man-machine systems approach" to
the solutions of complex operational problems like those
of education, and including the media sub-systems.7 He
felt that an instructional system design applied to the
problems of education would provide "A conceptual framework
for planning, orderly consideration of functions and resources,
including personnel and technical facilities such as tele-
vision, the kinds and amount of resources needed, and a
phased and orderly sequence of events leading to the accom-
plishment of specified and operationally defined achieve-
ments."8

The growing recognition of the system concept in

education is found in recent discussions by Finn,9 Bern,10

7C. R. Carpenter, New Teaching Aids for the American
Classroom, Wilbur Schramm (ed.), (Stanford: 1Institute for
Communication Research, 1960, Reprinted in 1962 by U.S. De-
partment of Health, Education, and Welfare: E-34020), p. 75.

81pid.

9James D. Finn, "Technology and the Instructional
Process," AV Communication Review, Vol. 8, No. 1 (Winter,
1960), pp. 5-26.

loHenry A. Bern, "Audiovisual Engineers?," AV Communi-
cation Review, Vol. 9, No. 4, (July-August, 196l1), pp. 186-
194.
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Glaser, VanderMeer,12

and others. The importance of this
concept is illustrated by Hoban's more recent statement:
"If we are to cope adequately in educational media research
and in the implementation of research finding, use of the
system concept is intellectually and practically inescap-
able."13
Educators have frequently stated the need for more
research and development in instructional systems. Carpenter,
for example, suggests both the potential of and the need
for rigorous study of instructional systems in his state-
ment that, "the development of a model of the component
operations of a higher order man-machine system focused on
learning and intellectual development has not yet been done
with the necessary rigor and thoroughness.“14
Norberg, while developing a rationale for the use

of the new media in higher education, commented on the need

for diligent study and hinted at possible resistance by

llRobert Glaser (ed.), Training Research and Educa-
tion (Pittsburgh: University of Pittsburgh Press, 1962).

le. W. VanderMeer, "Systems Analysis and Media -
A Perspective," AV Communication Review, Vol. 12, No. 3
(Fall, 1964), pp. 292-301.

13Charles F. Hoban, "The Usable Residue of Educa-
tional Film Research," New Teaching Aids for the American
Classroom, Wilbur Schramm (ed.), (Stanford: Institute for
Communication Research, 1960, Reprinted in 1962 by U. S.
Department of Health, Education, and Welfare: OE-34020)
p. 110.

14

Carpenter, p. 84.



many professional educators to the adoption of the system
concept when he said: "No doubt a good deal remains to be
done by way of elaboration and justification of the system
concept in education. To many professional educators this
notion, borrowed from engineering and industry, may seem
harsh and even ominous in its implications for the manage-
ment of instructional processes. Even so, there is some-
thing firm and indisputable in the idea that instructional
planning in modern educational institutions cannot be con-
ducted on a piecemeal basis and without some effort toward
a rational and efficient deployment of human and technical
resources."ls

The importance of the system concept as an approach
to curricula planning is indicated by the United States
Office of Education's funding of instructional system de-
velopment studies.

One of the studies funded by the United States
Office of Education in the area of instructional systems
is nearing completion at Michigan State University. This
study, directed by Dr. John Barson, which is entitled "A
Procedural and Cost Analysis Study of-Media in Instructional

System Development", covers the period from 1963-1965, and

15Kenneth Norberg, "The New Media in Higher Education:
A Rationale," New Media in Higher Education, James W. Brown
and James W. Thornton, Jr. (eds.) (Washington: National
Education Association, 1963), p. 16.




focuses on an investigation of the development and use of
the newer media in instructional systems.

The three purposes of the Barson Study are: (1) the
descriptive analysis and evaluation of instructional sys-
tem development activities at MSU during the period, 1963-
1965; (2) the measurement of costs associated with instruc-
tional systems development; and (3) the development of

hypothetical models of instructional system development (ISD).

Purpose of the Study

The purpose of this study is to critically analyze
the systems approach to instructional development in order
to determine the overall potential of this approach in high-
er education, and to discover which operational and theor-
etical areas need further development.

The findings of this analysis will be reported by:

l. A general conclusion concerning the potential
of a system approach to instructional development in higher

education;

2. Identifying and recommending the areas which
need further theoretical development before the system
approach can be applied to instructional development in

higher education;

3. Describing the principal prerequisites which

must obtain for successful instructional systems develop-



ment in higher education and for its field testing:

4., 1Identifying the instructional system procedures

which are most in need of further study and development.

Methodology

The methodology of this study is primarily one of
descriptive and critical analysis of the instructional
system approach in higher education. Existing systems
literature will be analyzed, interpreted, and related to
higher education needs and extrapolated in terms of two
early attempts at Michigan State University to develop
university level courses with instructional system devel-

opment procedures.

Review of Pertinent Literature Research studies

and scholarly writings related to system development are
analyzed and interpreted and their relevance to the prob-

lem discussed. Current system theories in operations re-
search, systems engineering, and instructional training
system development for business management and military and
industrial training are reviewed, but only a few are reported
because, while the terminology used in operations research
and system engineering are similar or in many cases the

same, the variables which are crucial in an instructional

system either are not considered or are given different
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emphasis in non-educational fields. Throughout the review
of the literature, particular attention is paid to those

sections of the works reviewed which would assist in making
an evaluation of the potential of systems approach in edu-

cation.

Analysis of ISD Field Trials As a part of Michigan

State University's Instructional System Development Project,
a model for instructional system development was produced
and field tested on two university level courses, one in
theatre arts and the other in electrical engineering.

In order to gain insight into the potential of the
systems approach to curricular planning, the procedures used
in the two field trials are carefully analyzed and evaluated.
The analysis and evaluation are accomplished by analyzing
extensive data on the events which took place during the
field trials and by applying standard system development
procedures to their evaluation.

The data on the procedures used in the field trials
were collected from two major sources: first, all of the
documents produced by the ISD Project, and second, 83 1/2
hours of audio tapes which were recorded during the field
tests. While listening to the tapes, the procedures used
in the field trials were critically evaluated for deviations
from the procedures prescribed by the specialist model for

instructional system development. Deviations from the pre-
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scribed role by any of the specialists were carefully noted.
Problems of communication between the personnel involved
and problems of information feedback were also noted. The
basic system development procedures used to guide the eval-
uation of ISD procedures were derived from the systems

literature.

Organization of the Study The evaluation of the

systems approach to instructional development planning begins
with statements of: the problem, the purpose of the study,
the methodological approach and key definitions. Chapter

II includes a review of pertinent systems literature. Chap-
ter III is designed to acquaint the reader with the various
types of models and their importance in ISD. The third
chapter also includes a review of the Specialist Model for
ISD as it was generated by the MSU Instructional Systems
Development Project. The review of the Specialist Model
serves as an example of a typical ISD model and prepares

the way for its later analysis. Chapter IV outlines seven
sequential steps which are basic to the design of any system.
These seven steps are used in a later section of the chap-
ter to critically analyze the Specialist Model and the pro-
cedures which were used during the field trials. The final
chapter unaertakes to summarize the conclusions, discuss

their importance and make final recommendations.



-12-

Definition of Terms

To avoid semantic problems and to aid understanding,
certain key terms used in this study shall be defined here
before proceeding. The systems concept, borrowed from mili-
tary training and industry, brings with it a number of terms
that have different interpretations from general usage and

are included in this section for that reason.

System General systems methodology permits a sys-
tem to be defined as any grouping of components which operates
in concert or related fashion with the purpose of accomplish-
ing a specified goal or set of goals. The components are
dynamically interrelated. Dynamic interrelationship implies
that the components of the system are capable of changing
not only the performance of the system as a whole, but of
affecting the performance of one or more of the other com-
ponents. All systems are composed of subsystems; that is
what a dynamic part would be. Systems are usually components
of other systems and as such are considered subsystems.
Systems can sometimes be differentiated one from another

only through very subtle differentiation or definition.

Instructional System An instructional system is

a complex consisting of several or all of the following
components: learner(s), instructor(s), material(s),

machine (s), technician(s), given certain inputs and designed
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to carry out a prescribed set of operations. This set of
operations is devised and ordered according to the most
recent and pertinent evidence from research and expert opin-
ion so that the probability of attaining the output speci-

fied behavioral changes in the components is maximal.

Educational Media Generalist An educational media

generalist is a professional educator with specialized com-
petencies in the application of instructional technology

to the teaching-learning process. Areas of concern, with
respect to instructional technology, include administration,
teaching, research and development, production, and curri-

culum planning.

Educational Media Specialist An educational media

specialist is an educator primarily concerned with the
selection of the form, or mode of representation, and trans-
mitter, or media-instrumentation, to be used in the trans-

mission of teaching examples to the student.

Environment Environment is the set of all entities

which surround the system whose action may affect the sys-
tem, and may be affected by the system. It also is referred

to as the suprasystem.

Information Information is defined for the purposes

of this study as stimuli, or energy forms, that convey
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pragmatic meaning. That is, information signifies some-
thing that is potentially subject to common identification
by both the transmitter and the receiver of the information.
As such, information is distinguishable from noise or un-
coded stimuli which are void of intended denotative or

connotative properties.

Filter A filter is a factor (man, man-made, or
environmental) which consciously or by its state of being,
acts to admit certain system elements to the system process,

keeping others out.

Noise Noise refers to those conditions which inter-
fere with the communication of an item intended as informa-

tion.

Component A component is a dynamic part or element
of a system. Instructional systems contain many elements,
such as instructional personnel, technicians, media, and

learners.

Boundary A boundary is the line forming a closed
circle around selected variables, in which there is less
interchange of energy (or communication, etc.) across the
line of the circle tha£ within the delimiting circle. The
delimiting circle forms the parameters of the instructional

system.
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Inputs Conditions or entities from the system's
environment which act on the system, thus affecting the

system's functioning and influencing the outputs.

Outputs Outputs are the sending of observable
phenomena representing the acts of a system into the en-
vironment. This involves energy exchange across the sys-

tem's boundary.
Feedback Feedback is the return of output to the
system in order to reach the objective of the system and

maintain organizational structure.

Open System An open system is a system that can

be changed, or is adaptive, and which engages in energy and
information exchange, both with its component subsystems
and with other systems which comprise its environment. An
open system must be capable of receiving inputs and of pro-

ducing outputs.

Efficiency Efficiency is a ratio relationship be-

tween energy inputs to a system and the outputs from that

system.

Instructional Model An instructional model is an

idealized conception of the teaching-learning process.
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Media Media are the in-between or intermediate
part or parts in a communication network that transmit the
message from the source to the receiver. These parts may
be the voice of the lecturer, the image of a photograph or
other graphic, the print of the textbook, the electronic
impulses of the television, radio, or public address system
or a combination of several of these. 1In instructional
system thinking, the term "media" is usually interpreted
to represent the means used to connect the teacher and the

students.

Summary

In order to improve instruction in higher education
many educators are advocating the use of the systems approach
to curricular planning. They feel that if instructional
planning is better organized and more technologies of instruc-
tion are incorporated into the instructional program then
the combined pressures of rapidly increasing enrollments,
insufficient teaching faculty, and the absence of adequate
funding will not decrease the quality of instruction in
higher education.

It is the purpose of the study to evaluate the poten-
tial of the systems approach to instructional planning in
higher education. The evaluation will be based upon a care-

ful review of pertinent systems literature and by analysing
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the first attempts to redesign university level courses

using an instructional systems development model.



CHAPTER II

A REVIEW OF THE LITERATURE IN
INSTRUCTIONAL SYSTEM THEORY

Systems: A Conceptual Tool

The word system is derived from the Greek "Systema"
meaning "to place together." Peach describes a system as
an "aggregate of two or more physical components and a set
of disciplines or procedures by means of which they func-
tion together.“l The entities or components, either . concep-
tual or physical, of a system can be described as activity
performers, information processors, and activity control-
lers. The control of these components is the function of
the system's communications network and of its decision-
making structure. The decision-making structure, through
the communications network, guides the actions of the system's
goal or purpose. The interdependence of the system's com-
ponents is the result of the content of the system and the
structure by which the content is arranged.

As a means of looking at reality, the systems con-

cept uses interdependent components, which serve as activ-

lPaul Peach, . What Is System Analysis?, SP-155 (Santa
Monica, California: System Development Corporation, March 4,
1960), p. 1.

-18~
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ity performers, controllers, and information processors,
and a communications network and a decision-making struc-
ture. As Finan explains, "A system is a way of conceptual-
izing experience, according to which the components of an
organized grouping interact to achieve a designated pur-
pose.“2 Kennedy reinforces the definition of a system as
a conceptual device when in his discussion of the concept
"system" he states, "The definition of a system is in a sense
arbitrary and depends heavily on a priori definition of a
task or problem."3

Careful examination of other definitions of system
shows a conflict of views on the basic nature of a system.
One posture is exemplified by Beer when he states that
"Systems are constructs of the human mind, and intuitive
method of looking at nature.“4 A second position concern-
ing the basic nature of a system is that "the ultimate
system embraces the universe." As Eckman states, "it is

obvious that any real systems study can only encompass a

2John L. Finan, "The System Concept as a Principle
of Methodological Decision," Psychological Principles in
System Development, ed. Robert M. Gagne (New York: Holt,
Rinehart and Winston, 1962), p. 517.

3John L. Kennedy, "Psychology and System Develop-
ment," ibid., p. 15.

4S. Beer, "Below the Twilight Arch--A Mythology of
Systems," Systems: Research and Design, Proceedings of The
First Systems Symposium at Case Institute of Technology, ed.
Donald P. Eckman (New York: John Wiley & Sons, Inc., 1961),

». 14
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portion of the Ultimate System, and therefore, that every
system being studied is but a portion of a larger system."5

The apparent paradox can be resolved by analyzing
the operation of the human mind. We cannot conceive of
concepts in isolation. Concepts are understood in relation-
ship to other concepts. These other concepts are related
to others ad infinitum, until the entire universe is a sys-
tem of interlocking parts.

This picture of the universe is far more subtle than
our minds will operationally allow. We seize on patterns
to explain causal relations. We say X interacts with Y,
which is why 2 occurs, and Y is related to X; but this rela-
tionship extends to encompass every other unit in the uni-
verse.

If all systems, with the exception of the universe,
are systems only by definition and are created for purposes
of conceptualization, then careful definition and delinea-
tion of what is to be included within the boundaries or para-
meters of a defined system is extremely important. It is
important because if variables which are significant to the
problem; i.e., the system undergoing study, are not in-
cluded within the parameters of the system--or irrelevant
variables are included--then efficient and effective study

of the problem is made more difficult and in some cases

5Ibid., p. ix.
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impossible. Educators embarking on a course redevelopment
program using instructional system development techniques
must consider the crucialness of parameter definition and
the division of the system into component subsystems, for
as Beer warns in his discussion of the mythology of systems,
a system cannot sustain arbitrary division without ceasing
to be the system that it is.6

In a social system such as education, there is great
danger of destroying the whole by arbitrarily dividing what
we have no business dividing, since the variables involved
in the teaching-learning process are at best hazy.

It is interesting to note that educators, who are
frequently criticized for using too nebulous terms, are
being asked to adopt a new conceptual tool--the systems
approach--because it is more rigorous and exact; yet we find
in the key construct--system--a strong possibility of con-
fusion. There are at least twenty published definitions of
the word system. Since a system may be operationally defined
at almost any level or to any degree of complexity, it is
sometimes difficult to determine how much is included in a
reference to a particular system. To add to the confusion,
aggregates of systems are referred to as suprasystem, and
the divisions of a system are called subsystems. In light

of the confusion which may result from simple definition

6Ibid., p. 14.
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and explanation of the term "system," the next section of

this review will explore the characteristics and properties

of systems.

Properties and Characteristics of Systems

In reviewing the literature on the properties and
characteristics of systems, two works were judged to be out-
standing because of their comprehensiveness and thorough
treatment of the topic. The first is an article by A. D.
Hall and R. E. Fagen, entitled "Definition of System.“7
Both men are systems engineers in the Bell Telephone Labora-
tories. The second outstanding work is an earlier thesis
presented by L. von Bertalanffy, entitled "An Outline of
General System Theory."8 Both articles are abstract and
rather heavy reading, but are complete and exact in their

treatment of general system theory. It is evident by their

use of the same examples that other more recent authors have

9

also reviewed the works mentioned above. Griffiths,~ for

7A. D. Hall and R. E. Fagen, "Definition of System,"
General Systems Yearbook, First Yearbook of the Society for
the Advancement of General Systems Theory, ed. Ludwig von
Bertalanffy (Braun-Brumfield, Inc., 1956), p. 18-28.

8Ludwig von Bertalanffy, "An Outline of General Sys-
tem Theory," The British Journal for the Philosophy of
Science, Vol. I, No. 2 (August, 1950), p. 134-165.

9Daniel E. Griffiths, "Administrative Theory and
Change in Organizations," Innovation in Education, ed.
Matthew B. Miles (New York: Teachers College, Columbia
University, 1964), p. 429.
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instance, used the same example in 1964 for illustrating
equifinality that Bertalanffylo used in 1950.
In order, later, to make a transition to instruc-

tional systems, more time will be spent dealing with the

properties and characteristics of systems in general.

Characteristics of Systems: When dealing with a concept

like system which is difficult to define explicitly, it is
sometimes helpful to identify the major characteristics of
the concept.

A system is a set of entities which interact dynami-

cally according to a set of relationships or disciplines
to achieve a designated purpose or goal. A completely
staffed instructional television facility could be considered
a system. The entities are the men and machines needed to
achieve the system's goal, which could be a video-taped
d nstructional television program.

The entities which, together with their properties,
rra & kKe up the system may be seen as natural or man-made.
INF & tural systems are those found in nature and are described

I> %> the astronomer, physicist, chemist, biologist, physio-
1l <> <gist, etc. The television facility just mentioned is a

g > example of a man-made system.

10pertalanffy, The British Journal...., I, p. 158.
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The entities of a system are made up of a variety

of parts. Thus any entity in a system would be considered

a subsystem; or for another purpose, an entity could be
redefined as a system of a lower order. Still using in-
structional television as an example, three general sub-
systems can be identified: script production; graphics

and scene production; and program production. Any of these
subsystems can be examined more carefully and seen to have
subsystems of its own; e.g., the script production subsystem
can be redefined as a system with the production of an in-
structional television script as its goal. The script pro-
duction subsystems--several subject matter experts, a writer,
an editor, and a producer--must interact dynamically accord-
ing to a set of relationships; that is, script production
and writing techniques, to produce the output or goal.

All entities have properties and these properties
are specifications of the entities. A script writer, for
«xample, has certain skills or properties which differen-

#—iate him from, say, a television producer.
The connections between entities are called rela-
€= d_onships. There are two kinds of relationships: static,
“~> 22 ich do not change with time; and dynamic, which change
W . th changes in time. 1In a given television system the
"« ] ationship between camera lens and video tape recorder
L== a static relationship. The relationship between a writer

Ar=m «<x a subject matter expert could be considered dynamic.
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Generally, when a human is involved, either with another
human or with a machine, a dynamic relationship exists.
The environment is the set of all entities which

surround the system; whose action may effect the system,

and in turn may be effected by outputs of the system.ll

The boundaries of a system are the regions which
differentiate or separate a system from its environment.
As discussed earlier in the section on the system as a con-
cept, it is very difficult, particularly in a social sys-
tem such as higher education, to separate a system from
its environment. Hall and Fagen in their discussion of
environment comment on this question.

For a given system, the environment is the set of
all objects a change in whose attributes affect
the system and also those objects whose attributes
are changed by the behavior of the system.

The statement above invites the natural question of
when an object belongs to a system and when it be-
longs to the environment; for if an object reacts
with a system in the way described above should it
not be considered a part of the system? The answer
is by no means definite. 1In a sense, a system to-
gether with its environment makes up the universe
of all things of interest in a given context. Sub-
division of this universe into two sets, system and
environment, can be done in many ways which are in
fact quite arbitrary. Ultimately it depends on the
intentions of the one who is studying the particular
universe as to which of the possible configurations
of objects is to be taken as the system. 12

11Hall and Fagen, "Definition of System," General

S 3> == tems Yearbook, p. 20.

12Hall and Fagen, "Definition of System," General

&s &ems Yearbook, p. 20.
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Throughout their discussion of the definition of environ-
ment, the Bell Telephone Laboratory scientists do not offer
any concrete suggestions for successfully making the sep-
aration between the system and its environment. They con-
clude by emphasizing the difficulty and importance of the
problem by stating: "The general problem of specifying
the environment of a given system is far from trivial.
To specify completely an environment one needs to know all
the factors that affect or are affected by a system; this
problem is as difficult as the complete specification of
the system itself."13
In the process of characterizing systems, an imposing
problem has been identified. The problem of separating
systems from their environment will be dealt with in greater

detail later in the study.

XProperties of Systems

A system is composed of several properties which
X e©late to its function, its operation and its nature;
= <me of which contribute to the probability of its success
<> = failure as a workable system.

A system is referred to as a multisystem if it has

O € I er systems (subsystems) as its entities or elements.

13Hall and Fagen, "Definition of System," General

=== ®ems Yearbook, p. 20.
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The partition of systems into subsystems and subsystems
into systems of a lower order is referred to as the property
of hierarchical order.
A system is open if it has input; i.e., the sending
of entities in the form of matter, energy or information
from the environment into the system; and output; i.e.,
the sending of entities from the system into the environ-
ment. A closed system, on the other hand, cannot communi-
cate with its environment. Systems become progressively
more closed as larger portions of the system's environment
are included within the system's boundaries; i.e., as a sys-
tem moves up the hierarchical order it becomes more closed.
For example, a university, under the direction of a board
of regents, is more closed in its communication with its
environment than a lower order system like the university's
instruction system under direction of an academic vice-
Ppresident.
A system is said to be regulated if it has feedback.
A 11 open systems are regulated systems since they receive
& eedback or output which is used by the system to guide it
®= oward its designated purpose or goal. Student and alumni
== 1arxrveys are one formal technique for collecting feedback.
A system is adaptive and compatible with its environ-
M «<x3t if exchanges of outputs lead to the continued survival
o == the system. To continue the university example, the

AW < jtion of new curricula, such as a School of Packaging,
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and the elimination of obsolete courses, is an adaptive pro-
perty of a university system insuring its continued sur-
vival.

A system has independence if a change in at least

one of its entities effects that entity alone and does not
cause changes in the system's action. The less a university
department is changed by the loss of a professor, the greater
is that department's independence. A system that has total
independence of all its entities or components is considered
to be degenerate. A system becomes degenerate if there is
no wholeness; i.e., all its subsystems are completely inde-
pendent of one another. A degenerate school would have no
relationships or regulations connecting and governing its
subsystems. Such a school would be unstable and very likely
soon cease to exist.

A system is in progressive segregation when changes

d.n the components of a system tend toward independence of

the components and in progressive systemization when changes

i n components tend toward greater wholeness. A system is
i m a steady state if progressive segregation and progres-
== I wve systemization occur simultaneously and continue through

tT— J_mme.

Ac= ®— S5on of Systems

A great deal can be learned about the actions of a

Y~ === #—em by studying the effects of various kinds and amounts
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of input into the system. Similarly, close examination of
a system's output also reveals valuable information about
its actions.

The action of a system is affected by the amount of
its input. If the amount of input is high, some of it will
be omitted or ignored. A system receiving high input will
filter it and react only to certain of its categories. When
input becomes excessive, the system will ignore it entirely
or employ some means of cutting off the input.

If the input potential is high, a university, for
example, controls the student input by limiting enrollment,
thus omitting part of the input; or it may filter the po-
tentially excessive input by raising the entrance require-
ments. If input fluctuates in intensity, the system will
delay output during peak loads and catch up during input
Julls. A high continuous level of input lowers the preci-
sion and quality of the system's output. Finally, a con-

€inuously increasing input produces a strain in the system

<~which, if the strain becomes too great, can lead to a cata-

== trophic collapse of the system. A continuous increase in

== teacher's load, for instance, puts a strain on the school

<2 =2 d decreases the quality of the school's product. If the
= ®— X ain becomes too great, the teachers might resign from
¥ « ir positions, resulting in the collapse of the school.

A system which does not feed back some of its out-

Pl —®—= Jecreases in stability until it degenerates. Feedback,
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which is essential to the survival of any open system, must
be provided for in the design of instructional systems to
insure wholeness, stability, adaption, and continued exist-
ence of the system. Feedback is also needed to insure that
the system continues moving toward its objective.

Knowledge of the characteristics, properties and
actions of systems may not be sufficient for the applica-
tion of the concept "system" to the solution of educational
problems. A brief review of Bertalanffy's General Systems
Theory will add necessary background information needed in
any discussion of instructional systems theory.

General Systems Theory as developed by Ludwig von
Bertalanffy is a theory applicable to all sciences concerned
with systems. According to Bertalanffy "there exist--

general system laws which apply to any system of a certain

type, irrespective of the particular properties of the sys-

14 If education or aspects of it

tem or elements involved."

< an be considered a system, then Bertalanffy's General Sys-
#=em Theory provides a framework within which educational
== y’stems can be examined and instructional system theory

<= &n be developed.

14Bertalanffy, The British Journal...., I, p. 138.
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General System Theory

Ludwig von Bertalanffy wrote that in many fields
of scientific research there were trends towards general-
ized theories containing universal principles or general
system laws which would apply to any system of a certain
type. He proposed a new basic scientific discipline called
"General System Theory".15 Unlike many theories which are
based on assumptions of linearity and the additive combina-
tion of elements or components, General System Theory is
founded on principles of non-linearity and complex inter-
relationships among the components which make up the system.
Attention is focused on the behavior of the system as a whole.

When von Bertalanffy began to expound and expand
his General System Theory, he was attempting to make a con-
tribution to science in general. His contribution was not
to any specific discipline, but to all disciplines. It was

& general system theory, a system of systems, a class of

<—1lasses; a metatheory.

Founded in Lotka's general system laws in the field
> £ biologyls, the General System Theory as developed by
<> «<>n Bertalanffy applied, or should apply, to all the sys-

T «=mms of a given class. As Bertalanffy says,

15Bertalanffy, The British Journal...., I, pp. 134-165.

( 16Alfred J. Lotka, Elements of Physical Biology,
= &= Jtimore: Williams and Williams Co., 1925).
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Thus, there exist models, principles, and laws that
apply to generalized systems or their subclasses,
irrespective of their particular kind, the nature
of their component elements, and the relations of

" forces" between them. It seems legitimate to ask
for a theory, not of systems of a more or less spe-
cial kind, but of universal principles which are
valid for "systems" in general.

In this way, we come to postulate a new discipline,
called General System Theory. Its subject matter
is the formulation and derivation of those prin-
ciples which are valid for "systems" in general. 17
This critical point of generalized, but not specific, prin-
ciples is one to keep in mind. In it is the key to the con-
cept of General System Theory as von Bertalanffy saw it.
His supporter, Kenneth Boulding, says,
It (General System Theory) does not seek, of course,
to establish a single, self-contained "general theory
of practically everything" which will replace all
the special theories of particular disciplines.
Such a theory would be almost without content, and

all we can say about practically everything is al-
most nothing. 18

And in the previously mentioned article, von Bertalanffy
pointed out that the aims of General System Theory were
to establish certain general principles, which he then ela-

borated:

a. There is a general tendency towards integration
in the various sciences, natural and social.

17Ludwig von Bertalanffy, "General System Theory,"
C ta xxents of Modern Thought, Vol. II, (1955), pp. 75-82.

18Kenneth E. Boulding, "General Systems Theory - the
S J<— <« ] eton of Science," Management Science, Vol. II, (1956),
P - A.97.
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b. Such integration seems to be centered in a gen-
eral theory of systems.

c. Such theory may be an important means for aiming
at exact theory in the nonphysical fields of
science.

d. Developing unifying principles, running "verti-
cally" through the universe of the individual
sciences, this theory brings us nearer to the
goal of the unity of science.

e. This can lead to a much needed integration in
scientific education. 19

In working terms, a General System Theory is not applicable

to problems of a specific nature.20 A graphic example below
shows the relation of a general theory to a problem in a

specific discipline.

General General Applied
System ________g; Biological > Biology
Theory Theory

l

Ecology Ecological
Problem Theory

19Bertalanffy, Currents of Modern Thought, p. 76.

20C. James Wallington, "The Meaning of General Sys-
tems Theory: A Paradox." (Los Angeles: University of
Southern California, Department of Instructional Technology,
1966) (Typewritten).
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Similarly, in the field of education,

General Education Curriculum

System Theory ; Theory Theory
Teaching Mediated Teacher Theory of
Problem a3 Theory k— Instruction

While there may be elements or sections of a General System
Theory which can be utilized to compare systematic organi-
zation of different processes, there is no claim to a one-
to-one "fit" or match between general and specific theories.
This is especially true in the behavioral sciences where
the specific theories tend to be extremely cumbersome and
fragmented.

One of the major reasons that the behavioral sci-
ences, especially education, are finding it difficult to
bridge the gap between General System Theory and specific
social science theories is that General System Theory is
incomplete at the present time. The Theory was developed
using the constructs and principles found in the natural
sciences, particularly biology. While the general frame-
work exists for the behavioral sciences to build upon,
the principles and constructs needed to explain phenomena

in the social sciences do not, as yet, exist in General
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System Theory terminology.

Even if a great deal of work remains to be done in
the way of development of General System Theory, the idea
of attempting to extract universal system laws from as large
a portion of the universal system as possible is an appeal-
ing one.

The concept of a universal system speaks eloquently
for the fallacy of the division of the study of nature into
disciplines. It is not surprising that the systems concept
should be a focal point for the convergent developmenf of
a number of disciplines. These disciplines are bringing
with them sophisticated methodology for the analysis and
synthesis of systems. The next section of this review fo-
cuses on the contribution of systems engineering, operations
research, information theory, and systems analysis to the

growing body of systems research.

The System Disciplines

Information Theory

If a system is to function successfully and achieve
its objectives, information is needed to direct and con-
trol the system. Information theory has contributed a
great deal to the understanding of this information manage-

ment problem.
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From the engineering standpoint, information theory

had its beginnings in papers published in 1928 by Hartley21

and expanded by Shannon.22 Information in this classical
sense is highly mathematical and is concerned primarily with
the amount of information that can be communicated over a
system consisting of a Source-Transmitter-Channel-Receiver-
Destination. Information is defined in terms of electroni-
cally generated signals. Substantive areas of theory in-
clude information sources, content, rate of transmission
(in quantitative terms), channel description and transmis-
sion capacity, noise source, degree and degradation effect
of noise. Although information networks in instructional
systems are still described in Shannon's terminology, most
of the mathematical and quantitative aspects of his theory
have been deleted.
Information theory has had a significant influence
on the development of the systems concept. Information
is the glue that holds a system together. 1In Ackoff's words,
The effectiveness of an organization depends in part

on its having "the right information at the right
place .and at the right time". 23

21R. V. Hartley, "The Transmission of Information,"
Bell System Technical Journal, Vol. 17 (1928), pp. 535-550.

22Claude E. Shannon, "A Mathematical Theory of Com-
munication," Bell System Technical Journal, Vol. 37 (1948),
PP. 379-423.

23R. L. Ackoff, "Systems, Organizations, and Inter-
disciplinary Research," Systems: Research and Design, p. 33.
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Ryans, in his explanation of system, stresses the importance
of information in three respects. First, the interaction
of the system elements is dependent upon a common informa-
tion network. Second, the function of the system is depen-
dent upon the control of the flow and transmission of in-
formation. Third, the system can be characterized by the
way it processes the available information.24

A limiting factor in the application of classical
information theory to educational systems is that it assumes
the existence of a static system. Engineering-oriented
information theory is most useful in fixed information sys-
tems involving electronic circuitry, such as radar or tele-
vision. 1In these cases the elements are discrete and mani-
pulable and therefore subject to operational prediction with
engineering precision. In any communication system where
a man is one of the elements, learning can occur. Learning
alters the probability formulas, and this in turn negates
the predictive properties of the mathematical model.

The second limitation in the application of informa-
tion theory to educational systems lies in the definition
of information. The term lends itself to very broad defini-

tions. For instance, Ryans defines information as "any

24David G. Ryans, System Analysis in Educational
Planning, TM-1968, (Santa Monica, California: System De-
velopment Corporation, July, 1964), p. 3.
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state or property that is capable of being communicated."25
Information is considered by the electronics engineer to be
synonymous with energy. It may also be regarded as signify-
ing a state or property that is potentially subject to com-
mon identification by its source and its destination. In-
formation theory focuses on the electronic definition of
information where the measure of information contained in

a message is a function of the number of distinct physical
messages that could have been sent and the probability
associated with the selection of each message. The measure
makes no reference to content, significance or meaning of
the message.

A third limitation of information theory is in the
use of the term "noise." Information theory considers only
one kind of noise, that which masks the signal and thereby
lowers the probability of its being received as sent., How-
ever, in human communication a second kind of noise can
exist: this second kind of noise is "semantic noise."
Barrow and Westley describe semantic noise as noise which
competes with the receiver's attention, thereby lowering
the probability that the message will be received as sent.26

A speaker's use of words which are not a part of the lis-

251pid., p.

26L. Barrow and B. Westley, Television Effects, (Madi-
son, Wisconsin: University of Wisconsin Television Labora-
tory, 1958), p. 63.

6.
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tener's active vocabulary is one form of semantic noise.

In this instance, the listener's attention is diverted from
the speaker's message in an effort to decode or extract
meaning from the unfamiliar word. Each such diversion
lowers the probability that the message will be received as
sent.

In spite of the fact that the theorist in human com-
munication must consider many things as variable which
classical information theory considers as constant, there
is much in information theory which is useful to instruc-
tional system development, particularly since the introduc-
tion of a number of ramifications and adaptions of classical
information theory by behavioral scientist George A. Miller.27
Published in 1951, his text is now considered a classic.

Miller and others associated with him have consid-
ered information from both the semantic and pragmatic points
of view, thus making concepts like channel capacity, coding,
message design and redundancy useful to the behavioral
scientist <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>