BD 097 859

AUTHOR
TITLE

INSTITUTION
SPONS AGENCY

BUREAD NO

PUB DATE
CONTRACT

NOTE
AVAILABLE FROH

EDRS PRICE
DESCRIPTORS

ABSTRACT

DOCUMENT RESUNE
95 IR 000 298

Harrison, Shelley A., Ed.; Stolurow, Lawrence M.
Educational Techaologies: Productivity in Higher
Education. Final Report.

State Univ. of New York, Stony Brook.

National Inst. of Education (DHEW), Washington,

D.C.

BR-31-6078BA-FR

Jan 74

OEC-0-73-6812

27%p.

Educational Technology Publications, 140 Sylvan

Avenue, Englewood Cliffs, New Jersey 07632

- ($12.95)

MF-$0.75 HC Not Available from EDRS. PLUS POSTAGE
conference Reports; Conventional Instruction; Cost
Effectiveness; EBconomic Factors; Educational
Environment; Educational Innovation; ¥*Eduacational
Technology; *Higher Edmcation; Individualized
Instruction; Instructional Innovation:; Instructional
Hedia; *Instructional Systems; *Instructional
Technology; Open Education; *Productivity; Symfposia;
Systems Approach

Full texts are provided of the individual papers

presented at a symposium held to investigate technology~based systems
for iecproving productivity in higher education. These systems, which
marry an engineering systems approach with behavioral objectivisn,
are studied in the conatext of three specific learning environments:
1) grouped and bounded environments, 2) individualized bounded

environments, and 3)

personalized open environments. Each paper

discusses a technology-based system supportive of one of these three
learning environments and deals with the topics of mode and media,

management, and measurement as addressed by their systems. Connents "

of discussants and reactants are also included; these analyze the
effectiveness of the svstems in supporting learning objectives, their
ability to measure outcomes and manage resources, their capacity for
gaining acceptance and validation, and their relationship to other
demonstrated systems operating in common learning environments.

(Ruthor/PB)



I

397859

o
HaRY

»

Final Report gEST COPY AVAILABLE

Project No. 31-6078A
Contract No.OEC.0-73-6812

EDUCATIONAL TECHNOLDGIES:
PRODUCTIVITY IN HIGHER EDUCATION

Shelley A. Harrison Lawrence M. Stolurow

Editors, Symposium Chairpersons and Co-principal Investigators

State University of New York
at Stony Brook
Stony Brook, New York 11790

US DEFPARTMENT OF MEALTH
EOUCATION & WELFARE
NATIONAL INSTITUTE OF

EQUCATION

Trh NOCUMENT AL REEN NE BNO
Januafy 1974 DUCED € KA T Y A RECEIvED ¢ NS

Tl Bp RGON O ORGANIZATION OMIaN

ATINI T POINTLOE VW OR N (ONY

CYBTELY DY NOT NECE S AWIL Y WE B'ME

NERNTORE U A)L NATIONAL INETHIT TR

S{PCATON BV TN TR B gt i ¥

{1.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

National Institute of Education
and
U.S. Office of Education

TR ooo A48




Final Report

Project No. 3!-6078A
Contract No. OEC-0-73-6812

Educational Technologies: Productivity in Higher Education

Shelley A. Harrison Lawrence M. Stolurow

State University of New York
at Stony Brook

Stony Brook, New York 11790

January 1974

The research reported herein was performed pursuant to a contract with the
U.S. Office of Education and the National Institute of Education. Contractors
undertaking such projects under Government sponsorship are encouraged to
express freely their professional judgment in the conduct of the project. Points
of view or opinions stated do not, therefore, necessarily represent official Office
of Education or National Institute of Education position or policy.

U.S. DEPARTMENT OF
HEALTH, EDUCATION, AND WELFARE

National Institute of Education
and
U.S. Office of Education



CONTENTS

Page
T 1=~ - PSS Ve vi
1. KEYNOTE SESSION
Technological Innovation in a Hostile Environment: Problems of Increasing Productivity in
Higher Education
by Keith Lumsden, Stanford University . ...........cc. ittt arenrenanarennnns 2
Learning, Technology, and the Potential Increase of
Productivity in Higher Education
by Robert T. Filep, US. Officeof Education . ... ... ... ...ttt renenannnns "
Needed: A Collaborative Open University Network
by Joseph 1. Lipson, University of llinoisatChicago ............ ..., 17
1. GROUPED AND BOUNDED LEARNING ENVIRONMENTS
Reading, Writing, Arithmetic and Computing
by Arthur Luehrman, Dartmouth College . ... ... ... . ittt nnnenaans 29
The Audio-Tutorial System of Instruction
by Robert N, Hurst, Purdue University . .. ... .. it iiiiis crienaeenns 39
L ow-Cost Educational Technology
by David C. Mifler, University of IlinoisatChicago . ........... ..o iiaenns 58
Latent Environmental Effects of Educational Technology
by James Bess, SUNY atStony Brook . .....cevt oot ianni i et nsensonn 67
The Computer and the Fourth Revolution
by Andrew R. Molnar, National Science Foundation ... ....................ciiiinnn, 74
i. INDIVIDUALIZED, BOUNDED L.EARNING ENVIRONMENTS
The TICCIT Project: Design Strategy for Educational Innovation
by C. Victor Bunderson, Brigham Young University . .. . ... .. v iiiinennnnannn 84
PLATO
by James Parry, University of Hinois,
Urbana-Champaign .. ... . .ouu ittt it ettt st er e e e i cia e e 106
The PS! Project at the University of Texas at Austin
by James E. Stice and Susan M. Hereford, University of
TExas A AUSTIN . . . L ot e et it ittt e e e e i e 109

Computer-Based Higher Education; A Five-Year Research Program
by Duncan Hansen, Memphis State University ............. e e e e 121




v,

v \

\ 0
Page

A Model for the Use of Achievement Cata in an

Instructional System

by Robert L. Brennan, SUNY atStony Brook .. ...............oooverenin i . 137
A Preview of e Evaluation of PLATO and TICCIT

Moderator, Ernest Anastasio, Office of Data Analysis Research

Educational TestingService . ......... ..., 153
Comments on the Presentation by Duncan Hansen

by Robert J. Seidel, Human Resources Research Organization . ......................... 157
Mini Computers in Education

by Ludwig Braun, SUNY atStony Brook .. ............ouu e 159
PERSONALIZED, OPEN LEARNING ENVIRONMENTS
Chicago’s TV College: A Television-Based Open Learning Model

by James J. Zigerell, Dean, TV College ................ .. ccuuurinnn 162
Videotape Applications in Engineering £ ducation

by Lionel V. Baldwin, Colorado State University . ... ............00 0 172
The British Open University : Concepts and Realities

by Brian Lewis, Institute of Educational Technology,

Buckhamshire, England . .......... ... ... 193
Judging Productivity Potential of an Instructional

System: A Reaction to Papers by Baldwin and Lewis

by Stephen Yelon, Michigan State University ... ................... ... ... 00 . . 219
A Reaction to Chicago’s TV College: A Television-Based

Open Learning Mode!

by G. R. Klare, Ohio University . ........ .. ... . ... .. . . . . 223
Readability and the Behavior of Readers

by G. R. Klare, Ohio University ........... ... .. . ... . . e 226
Summary and Implications For Day Three: Personalized and

Open Learning Environments

by Lawrence M. Stolurow, SUNY at S1ony Brook . .........coooviunn 232
GENERAL SUMMARY AND RECOMMENDATIONS
Educational Technologies: Recommendations For Research and Development

by Lawrence M. Stolurow and Shelley A, Harrison . ... ......... ... 242

Appendixes:
ACAUENdeES .. . 262



PREFACE

Symposium

The United States Office of Education and the National institute of Education jointly sponsored a three-
day Symposium, in September of 1973, on technology-based systems for improving productivity in Higher
Education. The Symposium was hosted by the State University of New York at Stony Brook under the joint
supervision of Professor Shelley A. Harrison of the School of Engineering and Professor Lawrence M. Stolurow,
Chairman of the Department of Education.

Higher Education faces increasing demands for more and varied educational experience by the consumer
{students and parents) and diminishing fiscal resources available to support this educational enterprise. Tech-
nological systems offer the potential for meeting a number of these needs including an increase in productivity.
This Symposium examines a range of critical issues relating to the successful use of educational technology
directed toward increasing productivity in both traditional and nontraditional settings. Equal congcern is given
both fiscal and quality of life variables as are gains in cognitive skills, critical thinking, and improved attitudes of
all involved with education: students, faculty, administrators, parents, and the community.

Technology-hased educational systems are best studied in the context of specific learning environments.
This approach places primary emphasis on real learning needs and sets the stage for discussing potential tech-
nology-based solutions. The essential pramise of this Symposium is that a thuughtful marriage of an engineering
“systems approach’” and behavioral objectivism may well offer the support necessary for wider access to better,
more individualized learning at improved costs.

In Institutions of Higher Education and Institutions of Continuing Education, today's society is con-
fronted with three learning environments.

1. Grouped and Bounded Learning Environments
2. Indwvidualized, Bounded Learning Environments
3. Personalized, QOpen Learning Environments

Each of these three learning environments is, in turn, a day-theme for our three-day Symposium. Space-
time bounded environments refer to institutionalized educational systems exhibiting definite learning require-
ments, entrance requirements, physical locations, and definite space, time, and resource constfaints on the
teaching/learning process. Technology support of both conventional and individualized learning in bounded environ-
ments occupies the discussions on day-one, and day-twao, respectively. The third day addresses open, more personal-
izedd environments free of manv requirements and constraints of institutionalized education. These include home
study, continuing education, and cultural activities,

Each expert speaker addresses a technology-based system supportive of a specific learning environment.
Speakers discuss rmode and media, management, and measurement as addressed by their systems,

Mode and Media: What procedures are utilized to define educational goals and institutional

objectives? How are mode and media treatments decided upon? What are major considera-
tions tn production, delivery, mamtenance, and revision of system components?
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Management: Who takes part in the learning environment? How does personal management
proceed? What form does personal management take? What form does program and Institutional
management take? How are resources {people, materials, space, time) managed?

Measurement. How does the system provide for measurement and adaptive feedback on
personal achievement, effectiveness of environrnent {people, things), learning (cognitive, skill,
affective), costs (capital, development, recurrent, revision)?

Discussants and rea'ctants at each session analy ze:

. . . eftectiveness of system in supporting the learning objectives

. . . effeciveness of system in measurement and management of rosource altocation and costs

. . . eftectiveness of system in gaining acceptance, validation, and providing adequate teacher training

. . . comparative relationship to other demonstrated systems operating in commion learning environments

Early in the Symposium it became obvious that the issue is not whether educational technology can w' < and
indeed improve productivity but whether institutions of higher education are, in fact, prepared to use it. Clearly,

in order for educational technologies to be used effectively, an institution must have a well-defined sense of
purpose, direction, and commitment. Campuses where technology has been and continues to be successful surely
prove this point.

It is ovr hope that the information in this report will lead to the organization of study groups on campuses
which will develop plans for action and policies to foster the growth and development of the most suitable and
cost-effective technologies to meet local needs.

Productivity

“There is little confusion about the definition of productivity: outputs of a process are related to inputs and
the relationship is taken to indicate productivity. The difficulties arise in making the concept operationa! and
applying it,’”?

Unilike the commercial sector where profitability provides a pervading production criterion, the higher
Education enterprise as yet pnssesses no useful set of measurement and interpretation procedures. A theory of
teaching is long overdue. Without it we can only contine to be unsatisfyingly descriptive in our use of intrinsically
limited productivity ratios such as FTE's, cost per student hour, etc.

Bound up in these questions of output/input measures of efficiency is the perhaps more fundamental
question of effectiveness. But this requires the precise definition of i 1structiona! goals and learning objectives
bearing in mind relevance to leaners’ present and future life and job environments. The production of intelligent,
capable citizens is the charge and responsibility of institutions of higher education. Until the goals (benefits} of
this process are clearly enunciated we cannot even begin to develop useful cost/benefit analysis. Productivity
analysis should be a dy namic, evolutionary process of setting educational goals, continually estimating and
monitoring goal production costs, and improving production and output for the changing inputs.

Application of technology concepts and techniques to the general problem of resource allocution and
program planning and budgeting is stifl in its infancy. This Symposium treats these matters in only rather general
terms placing its major emphasis on the instructional process and sur nortive technology-based development
and presentation systems.

'Productwitv Burden of Success, by William Taombs, ERIC/Higher Education Research Report. No. 2, 1973,
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Educational Technology

The Symposium addresses mainly the instructional aspects of educational technologies as these are of central
priority and have recsived the majority of attention. Technology pramotes a true systems approach in the adaptive
development of curriculum, instructional delivery, performance, measurement, and evaluation. Course cuiricuta
are defined behaviorally in terms of their cognitive and affective instruction objectives—an imperative process
enabling unambiguous communication and thus enhancing transferability of materials and raeasurability of
performance. Instructional objectives are organized into small logical sets or modules amenable to instructional
delivery support in one or another appropriate mode and medium combination. The speakers of this Symposium
investigate the many ways in which technology supports the numerous strategies of instruction from the group
paced through the various self-paced, individualized environments that accommodate natural variations in
learner preparedness, aptitude, and interest. The talks are by no means exhaustive in their coverage (that being
well beyond the intended scope of the Symposium). They do, however, treat in depth most of the major
successful technology endeavors in instructional learner-teacher organization and delivery in Higher Education
today. The report reveals the status of several promising experiments currently in progress around the nation,
as well as, extensively documenting the development and delivery successes of England’s Open University,

Issues and Problems

Open and frank discou se over a full spectrum of educational issués and problem areas pervaded the ~essions
and numerous informal gatherings. Discussions were vigorous and often argumentative. The air vas one of deep
concern for the issues and noticeable dedication to improving the quality of learning and reducing the cost of
instructional delivery. Below, are highlighted severat of the areas of major concern:

¢ Lack of adequately researched models of learning sufficient for higher education.

s Inadequate modeis and procedures for (a) curriculum and materials development, {b) formative evalua-
tion, {c) faculty training, and {d) productivity analysis.

« Existence of major traditional foci of resistance to instructional innovation and development within
institutions of higher education.

» Lack of legitimacy atforded research in learning and instructional system development.
+ Inadequate professional and financial incentives.

« Lack of coordinated methods and agencies for transport and dissemination of R & D results in education-
al technology projects and applications.

VI



The State University of New York campus at Stony Brook is happy to have been selected as the site for this
forum on Higher Education. The Schoo! of Engineering and Department of Education at Stony Brook are actively
engaged in numerous experimental and developmental projects involving technology-based learning systems. We
hope that there will be free and rapid communication and dissemination of experiences and materials in educational
technology efforts across the nation. The need ant' opportunity for innovation and change are at hand. It is our
common responsibility to make thoughtful and effective use of avsilable communication technologies.

The editors of this report acknowledge Ms. Fern Singer’s tireless organizational and administrative efforts,
We also thank Mr. Charles Miiler for taping the Symposium Sessions and editing them onto individual cassettes,
and Ms, Newilda LaGrandier for her tireless assistance in preparing copy and typeset.

SHELLEY A. HARRISON, Ph.D. LAWRENCE M. STOLUROW, Ph.D.
Professor of Engineering Chairman, Department of Education
SUNY, Stony Brook SUNY, Stony Brook

JANUARY 1974

Stony Brook, New York
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TECHNOLOGICAL INNOVATION IN A HOSTILE ENVIRONMENT:
PROBLEMS OF INCREASING PRODUCTIVITY IN HIGHER EDUCATION

~ Keith Lumsden
Professor of Economics
Graduate Business School, Stanford University

INTRODUCTION

This paper is concerned with the problems of introducing and evaluating technological innovations in the
higher education industry. Given the incentive systems existing within established universitios the Paper arguss that
significant increases in educational productivity occuring through the adoption of technological innovations will
be possible only if there is a massive research effort. Such a research effort is likely to prove invaluable even if it is
mainly new institutions, unfettered by vested interests, which take advantage of the research resuits, The paper is
in four parts. in the first, the various possible functions of the university are discussed together with the problems

-encountered when differences in perceived functions cause conflict. In the second part, the major obstacles to
change are noted, given the existing structure of most of our major institutions of higher earning, The third portion
is concerned with the inadequacy of much of past research on the economics of higher education. Finally a proposed
research scheme is spelied out, which does not constitute an attempt to solve all of the problems raised earlier, but
which is designed to yield the type of information on different pedagogies required by university decision makers
wishing to increase productivity in higher education.

COMPLEXITY CF THE UNIVERSITY

Economitzs have not been particularly helpful in providing a theory of the university which is both realistic
and useful for policy impiementation. Traditional theories of optimizing behavior, of equating marginal social
benefits with marginal social costs are theoretically valid but of little practical significance for the university
administrators. Indeed, many of the economists concerned with efficiency problems and armed with the tools of
their trade, have avoided efficiency studies in the higher educational industry since that which is to be maximized
cannot be agreed upon by a majority of the divesse interested parties.

The functions of the university are several, the interest groups the university serves are many, the output .
choices of the university for all practical ourposes are infinite, the prices of many of the output elements are not
readily available, the underlying engineering produiction functions have seldom been identified, and, finally,
current institutional arrangements discourage actions which could lead to less inefficiency.

While many of the above points are obvious, identification of each may be necessary if universities are to be
forced to move towards the existing efficiency frontier or if universities will be compelled to adopt technological
innovations which shift out that frontier.

Perhaps the most widely held view of the function of the university is that of capital creation. Each year the
university's intake is a crop of freshmen, eager and anxious to increase their net worth. (it is important to note



that with few exceptions, fre;hmen about to enter unwertity are not chosen randomiy by a university from the
“college age” popuiation or even randomly from all applying. Does this smply that universities believe that the
greatest value adkded 15 attainable by admittang the brightest students as measured Ly scholatic aptitude tests?
Fwo mamn paths, which may trave! several miles as one, can be followed. The first prowdes the student with a
general education; he does not tearn any specific skills but his anatyticat abdities and sensibitities are sharpened;
his potential prod\sclmw i5 enhanced and he may utihze few resources mn the future finding out where his true
occupational interests he, The other path is for the student who knows, or tearns quickly, where he is going. He
wanis to build bridges and the engineering and technology faculties show him how to build them, the social
sciences teach him {or shou'd teach fum) where, wwhen and if 1o buitd them. But the question must then arise,

do we nbed the insntution of the universily, aswe now L' . w i, to achieve these aims. Why not utilize videotapes,
corresponidence maternals, efc., and 165t the student by national examination, why must we wnstmcl\expenswe
buildings and bring students together for several years on a o apus? From the point of view of the university asa
producer of human capital, the answer must be that students learn enough tiom each uther by being together or in
close contact with the faculty to justify such costs, If we modify the pure capital termation approach and aftow
consumplion benefits to be added, a case can be made for the campus utiversity «f these consumption benefits
{plus the possibie investment benefits mentioned above) outwegh the costs,

A second function of the university is to provide 1o prospective employers ‘nformation about jub candidates
of different abilities who attend the umiversity and 10 these job candidates information about their relative abilities
to perform different tasks. One extreme hypothes:s asserts that a umversity education adids nothing whatsoever 1o
the abilities or capacities of an individual, but provides a set of filters and 4 set of obstacie courses thiough which
and over which an individual must pass 1f he wishes to receive the official stamp that he s ably suited for society’s
better jobs. While, in this view, no inrease in any oce individuat’s productive capacity occurs through university
attendance and graduation, the whole process by providmg useful mformation to employers and graduates is
extremely vatusble 10 them, Given that the hiter s eHfective, an emplover no longer bears the risk of hiring
unsuitable job candidates and can more efficiently allocate different types of 1abor to different job categories.
Output is increased, employers are better off and support the filterng nstitution 35 Jo students who expect to
graduate.

Treating the university as a filter yields some starthing results. First, since more able individuals benefit by
being officially classified as superior, even if no consumption o tnvestment benefits cocrued from attending a
university, they would be willing to pay for an “education’’ if the expected lifetime earnings, appropriately
discounted, exceeded the real costs. One outcome, in thss circumstance, at odds with the traditional assumption
about higher education, is that the private retur~ from higher education may exceed the social return, i.e., the
return to graduating students can exceed the productivity ingrease resulting from their “education”, the differ-
ence being a decrease in incomes to the unfiltered workers.

Second, if the filtering system were meffective, 1.e., if unsuitable yob candidates mar.aged to be admitted 1o
and graduated from universities (for example, through zero entrance requirements and watered down course and
examination standards), the university would no longer serve any useful filtering function, everyone having a
degree prevents a university education from being a distinguisning employee chisracterstic.

Third, if the chief filter 1s beingadmitted to the umversity, 1.e., everyone admutied eventually graduates,
then the university as 1t exists should be abolished with the exception of the admissrons committee and the
admitting office. Woren admitted, students are awarded a degfee and the employer has the information he requires
for efficient labor allocation amaong different jobs.

A third function of the unr, 2rsity, claimed o both word and deed by many facuity members to be the
man function of the university, 1s the production of research and repostory of information snd data, How much
research and which research should be undertaken are not easily answeret vgual:nas from the viewixant of
maximizing society’s welfare. What 1s agreed upon 1s the fact that most of the resec. ch output 15 g public Jooxd
and can e used by gty ndividual 10 sgcety wirthnot exddadg othert §00 the g ob she gt that dictates
that 1t be 1.nanced aut of nubhic funds, if indeed 1t s worth pooduc ng
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The university not only produces its own research output but also stores that output and copies of the out-
put of similar institutions in libraries and computer centers. In addition, information and knowledge is embodied
n the academic human capital within the university, i.e.. in the community of academic scholars. This stock of
capital, both non-human and human, that is stored in the university is available to pass on knowledge to future
gencrations {edication) and to make further additions to society’s fund of knowledge {(research).

One could hypothesize other functions of a university, such as serving focal or national pride or providing
a “baby-sitting”, perhaps more accurately “‘adolescent-sifting’’, service to parents and so forth, but such functions
are less seriously claimed than the three discussed above. The importance of being aware of the several possible
tunctions of the university is thav many actions of individuals or groups associated with the university are directly
related to what they perceive the function of this institution to be and very often differences in these perceptions
lead to significant conflict within the university. Such conflict poses significant constraints on the ability of the
university to achieve efficiency in the short-run, i.e., with existing faculty and facilities. But perhaps of even
greater significance, they limit the pace by which technological progress can proceed in the university.

Obstacles to Change

Within most universities there are five distinct “interest” groups: students, faculty, administration, library
and computer personnel and other service staff. Some students — especially advanced graduate students — become
part-time faculty members and some faculty members in turn become part-time administrators. For the sake of
simplicity we shall ignore the internal conflicts of those who wear two hats.

e

Outside groups with interests in the university include government, foundations and private donors,

professional associations, business firms, parents and potential students.

Essentially, outside interest groups determine the budget constraints within which all modern universities

must operate. The government and parents finance the bulk of teaching and the government, foundations, private
“donors and businesses support most of the research. The government is under political pressure from households
with children to provide college and university education at low cost. Foundations and private danors may be
concerned with the general welfare of society and believe that money spent in higher education furthers this aim.
Or they may have a narrower objective and specify that their donations be spent on “neglected” research or
“Critical’ teaching programs. The private donor may also be concerned about feaving a monument to his or some
relative’s memory. Unfortunately the monument is often more grand and less efficient from the teaching/research
viewpoint than it need be; in this respect what the church in bygone days obtained, the university now receives.
Business firms, like the government, are concerned with both the graduates of the university and its research out-
put and in some instances with the social image attached to the support of ‘worthwhile’’ activities. Parents
undoubtedly differ in their perceived function of the university, Some view it from the value-added side {con-
sumption, investment or both), others favor the filter hypothesis and still others see the university as the institution
within which their children become aduits. Finally, prospective students may see the university in any one or in
some combination of its many possible roles.

Without belaboring the point there is ample evidence that when resources are not being allocated in the
uhiversity in a manner which meets the approval of an outside group, pressures are often exerted to “rectify” the
situation. When the outside group approves, appreciation can take the form of increased support, both financial
and political. The retention of “‘communist” professors and the build-up of the successful football team are often
quoted examples.

Perhaps even greater conflicts of interest tie within the university itself. Once admitted, students tend to
demand {besides subsidized housing, subsidized food, recreational facilities, etc.} “academic power.” Agitation
exists for “relevant’ courses, black studies, reduced or no course requirements and the abolition of grading. A
significant poriion of administration and faculty believe that students should have no, or few, consumer
soverewgnity rights. The students have not been around long enough to appreciate the importance of prerequisites,
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they can be manipulated by the charismatic but incompetent professor in the contentless course, and once
admitted they have an incentive to “water-down” courses and erode grading standards. The administrators wio
want to preserve the integrity of the filter and the faculty who are concerned with academic prestige have a
desire to maintain high standards. Part of the conflict arises because of the different perceptions the various
interest groups have in the main function of the university. For example, those students who want a degree as a
certification that they have passed through the university filter undoubtedly want to maximize the probability
© that they will get a degree and also want their stay at the university to have as high a consumption value as

possible. From this standpoint it is quite rational to oppose any restrictions imposed by the administration or
facuity.

Whether students believe the value added or the filter theory, once a student is admitted to the university
many goods and services are provided, or are expected to be provided, at zero incremental financial cost to the
student. Faculty time is one such commodity where conflicts arise. Sirce students are not charged tuition by
the amount of faculty time they consume, there js no explicit reason why the student should not consume a
faculty member’s time untii marginal benefits equal marginal (zero?) costs to the studant. The opportunity cost of
all {most?} taculty members! time is significantly greater than zero, and every hour spent with a student is an
hour less of research, administration or teisure. Since the payoff to a professor in spending more time with a
student than that “dictated” by the administration is, to all intents and purposes, zero, professoss will not only
make themselves scarce but also avoid where possible the fiats laid dovsn by the administration. Those facuity
who are readily available to students seldom receive the plaudits of their colleagues because they make their
cofleagues appear as shirkers and also by just beihg there are liable to inherit their absent colleagues’ share of
problems and students. Since there is no rationing device for determining optimal student-facuity contact, this
will remain an area of conflict between students and faculty. The absence of incentives to resolve this conflict
efficiently is apparent; in those few institutions where students are given a choice of attending live lectures or
live television {or videotaped) instruction. Assuming the same quality of instruction, there Is little incentive for
the student to give uy the spontaneity and intimacy of the live lecture when there is no difference in cost to him.
The fact that production costs are substantially different for the two outputs does not affect the student because
he is charged a flat tuition fee no matter which pedagogy he elects.

This is not to argue that technological innovations within the existing framework could not benefit enrolled
students. If, for example, students were shown that the resources saved from videotaping say 5 to 6 required
courses were to be allocated to additional course offerings, small seminars or whatever, the benefits would be
obvious. If however the choice is between the live versus the non-live lecture, for example, ceteris paribus the
tatter will almost consistently prove to be less appealing, especially if it is an isolated cdse. What makes sound
economic sense within the flat tuition fee system of most universities would be a tuition refund to those students
economizing on scarce university resources. In such a case the students, administrators and facuity could all be
better off and no one need by worse off.

The facuity can be separated with respect to their opinions regarding the relative importance of the research,
teaching and filtering functions of the university. Since. for most universities, appointments and promotions are
based on research output the major apportionment of faculty members’ resources will be biased against teaching.
Since many outside interest groups demand a minimum of teaching inputs, there is a fower limit of resource com-
mitment to teaching which the facuity collgctively cannot hope to evade in the long-run. There is no incentive for
the faculty to maximize value-added to the student body; the alleged fact that better students are easier to teach
and demand fewer contact hours” are adequate setfish reasons for faculty insisting that only the best students
are admitted despite the fact that maximizing value—added might dictate that relatively few contact hours be
devoted to the highly motivated “bright” students and relatively many hours to the poorly motivated “dull”’
students. Admission to the university of minority students, on paper underqualified, is often opposed by faculty

Tin the United Kingdam, tor example, faculty members of polytechnics who on average have tower catibre students than the
universstigs Mamtam that students demanids and protiems are suth thet no Lime s avadubic for research, sirmdar arguments are hoard
from junior coﬂegw1 faculty who have rosearch aspirations.
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members not because they do not believe in egalitarianism but because of potential encroachment on research time.

Since many students, who play a passive role throughout their university lives, could well be “education” through
non-fabor intensive pedagogies - video-taped tectures, packaged materials, programmed instruction, computer
assisted instruction plus some facuity or teaching assistant inputs, the questions arises why such innovations,

which have proven 1o be, in many instances, equally effective as live instruction, are not enthusiastically endorsed
by the faculty. The principal reason is that, under the present university modus operandi, resources saved by adopting
technological advances cannot be readily appropriated by the innovative faculty member. To take an extreme ex-
ample, the professor who video taped all of last year's lectures and whose current students learn just as much by
using these video tapes and are just as happy with their course, {addition non-human, low marginal cost inputs
may be added) without any actual student-facuity contact, is unlikely to receive full teaching salary from the dean
or department head. Note that this is not because the output was not forthcoming, e.g., students learned fess,

rather it is because the standard inputs, especially live teaching time, were not employed. The lack of ingentives for
innovation exists for the department as well as the individual instructor. If the department can maintain output but
reduce costs, the departmental budget is liable to be reduced and the efficiency gain cannot be captured by the
department collectively. Thaus, there is little incentive for the department to be efficient or to adopt new pedagogies
which reduce costs whife maintaining output.

Because of substantial economics of scale it is possible that the full potential of certain pedagogies will be
realized only in either the largest of universities or in the combined efforts of several institutions. With minor ex-
ceptions there has been essentially no effort on the part of institutions of higher learning to attempt to allocate
resources more efficiently on an industry wide basis. Again the main reason is that the gains from such efforts are
unlikely to be enjoyed by one of the principal interest groups in higher education, i.e., the facuity. The history of
craft unionism yields many examples where technological innovations are embraced only when sufficient incen-
tives exist for the principal actors to accept ch.angz nr when the alternative of maintaining the status guo forbodes
a greater loss in well being. Without a system for efficiently reconciling competing interests of different groups
with a stake in the university, the actions of administrators in seeking local and national stature, tranquility on
campus, "'efficient and equitable’”” budyetary allocations, academic freedom, relatively magnificent offices, air
conditioning and efficient secretaries for presidents and deans, and impressive buildings pleasantly landscaped,
will often be vociferously opposed by students and faculty. Similarly the interests of the librarian in maximizing
the number of titles, preserving rare books from anxious iittle hands and housing the collection in an expensive
building are not necessarily in accord with student and faculty interests. Finally, other employees of the university,
such as maintenance staff, desiring higher wages and union representation, pre-schoot and child-care centers,
admission privileges for their children to the university and so forth are competing for resources sought by other
interest groups.

Does the existence of competing interests and the lack of an efficient allocation mechanism dictate that we
shall continue to bungle through? The answer need not be negative; for example, it is highly likely that the recent
cutback in university finan:ing has forced many institutions to reduce costs, without any appreciable reduction in
output. But such savings are obviously limited without the adoption of technological change, i.e., the cutback may
have forced many universities to move closer to the production frontier without shifting that frontier outward.
in order to shift the frontier outward under present institutional arrangements it will be necessary to motivate
facuity to become innovators through research rewards. Once more efficient teaching pedagogies have been vali.
dated as cost-effective, university administrations under pressure to cut costs can force these new practices on the
faculty. The most fruitful research is likely to emerge only if agencies such as the National Science Foundation, the
National Institute of Education and private, foundations make a substantial committment to the type of large
scale research which will provide information on the costs and effectiveness of pedagogies with differern character-
istics for students with different characteristics.

The Shortcomings of Past Research

Much of the research supported in the past has not beer concerned with providing academic decision
makers with the information required fur them to increase educational productivity. The economist’s approach
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o higher education has heen argely confined to the folfowing question: What is the proper allocation of resources
between Higher education and alternative uses? This question has been approached from several points of view,
each of which provides at best an ambiguous answer and none of which begins to address the problems relating

to the internal efficiency of the higher education system. ‘

The most widely adopted research approach has been to estimate from data on differences in individuals’
incomes and educational attainments the rate of return to investment in additional years of higher education.
Whether society would make better use of its resources by allocating more or less of them to higher education
exceeded or fell short of that on alternative investment opportunities.

A second approach has been to measure the aggregate cumutlated educational investment embodied in the
tabor force for different years and to infer from time series data on aggregate output, labor, physical capital and
the stock of educational capital the contribution that a marginal addition to the stock of educational capital
would make to the production of national output. Agdain, given the costs of adding to educational capital, it is
possible to calculate a rate of return to educational investment to be compared to the rates of return on alternative
forms of investment with obvious implications for resource allocation.

A third approach has been to calculate average educational attainments of employess in different skill and
occupational categories and, on the basis of forecasts in manpower requirements, to determine what resources
must be devoted to higher education if the required numbers of employees with different qualifications are to be
forthcoming. Clearly, if the resources available to higher education fall short of the needs calculated in this way,
then according to the model it would pay to eliminate the gap.

Each of these three lines of inquiry has been marked by serious limitations resuiting from inadequacies in
the available data and untested restrictive assumptions in the theory. This paper will not attempt to summarize
such »ilortcomings since they have been well documented in other publications. However, even if the research
cbijectives could be fully attained, they would provide only a timited basis for educational policy, since they fail
to suggest how resources allocated to higher education can be most effectively used. The full complexity of what
- is involved in the rational planning of higher education is only apparent when the problems in allocating
resources between higher education and other economic activities are considered jointly with those relating to
internal efficiency. 1t seems to be an unwise research strategy, past research efforts notwithstanding, to consider
the first set of problems and ignore the second, when the elimination of substantial internal misallocations would
have profound influence on the optimum share of resources to be devoted to higher education.

The inadequancy of the resuits of past research was made painfully evident by the crises that rocked higher
education during the past decade. Hit by the dissatisfaction of taxpayers and the antagonism of students, together
with rising costs and dwindling resources, educational decision-makers found themselves having to carry on
with business as usual in the absence of a mode! of higher education which could form a basis for rational planning.
It is in this context, that academics, dissatisfiad with their own accomplishments and more acutely aware of the
problems of colleges and universities, have begun to take & new look at the conomics of education,

One theme that pervades much of the new effort in the field is that economics research on higher education
must find a way to deal with the fact that the output produced by the contemporary university includes numerous
and diverse components, whose quantities and prices are difficult to measure. The present lack of meaningful
quantitative information creates serious difficulties for educational decision-makers, both within and outside
universities. Unless technigues for measuring these variables can be found or methods of rational decision-making
that do not depend on this information can be divised, the prospects for significant increases in efficiency will
remain poor.

The fact that university output is multidimensional is not in itself the source of the analytical difficulty. If
the components of university output were like other goods, it would be a relatively straightforward matter to
apply the calculus of optimizing behavior to the allocation problem and find a reasonably efficient sojution. As
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every elementary economics student knows, in order for an educational planner to determine the optimal amount
of the different components of university output, it would be necessary for him to have information shout both
technology and preferences. Technology can be described in terms of production relations which indicate the
amounts of each good that can be obtained from different combinations of inputs. Given the costs of acquiring
various inputs, technology determines the cost of producing an extra unit of each good. Preferences, on the

other hand, indicate the terms on which consumers would be willing to exchange one good for another. Given
total income, preferences determine the price consumers would be willing to pay for an extra unit of each good.
Ctearly, as long as consumers value an extra unit of any component of university output more highly than it costs
to be produced, then the university should expand production of that component.

In order to apply this simple model, it is necessary to obtain detailed information on the production rela-
~ tions which constrain the choices of university ¢ ‘cision-makers. This will require large scale research efforts which
- produce data on the costs and effectiveness of different pedagogical techniques for different types of student.
Once this information is available it will be possible for a university administration to find the feast-cost way of
producing a given bundie of university outputs. What is being suggested is that the innovations which will bring
about substantial increases in educational productivity will take place only through the combination of reliable
cost-effectiveness research and the application of its results through administrative fiat.*

Suggested Research Approach

To assess reliably the efficacy of different pedagogies in any subject for students of varying chat acteristics
requires a large scale experiment financed with public funds to evaluate all promising pedagogies in many and
diverse college and universities. A massive effort is required, not only because of the large number of variables
involved, but also because there is insufficient variation in existing methods of instruction in higher education
to permit accurate evaluating of alternatives, Public funding is essential, apart from reasons already discussed,
because institutions may be unwilling to allocate resources to explore the effectiveness of new technologies
when the private costs to any one institution outweigh its expected private gains.

The number of universities to actively participate in the proposed experiment must be sufficiently large to

i)  provide a broad spectrum of student, faculty and other institutional input characteristics

it} allocate the different pedagogies to be evaluated over the ranges of characteristics above
i) assess different media and instructiona! mixes and
iv) provide a sufficient data base on input mixes and various outputs for statistical analysis.

The exact number of universities required therefore will be a function of the range of the input character-
istics to be treated and the number of different pedagogies to be evaluated. Marginal costs incurred by potential
participating institutions will have to be recompensed to reduce search costs, to ensure adequate numbers and to
enlist the cooperation within each institution of the course organizer.

In order to obtain economies of scale in disseminating procedural information, cross fertilization of ideas
and identification with the research team by the participating institutions, an initial conference with all parties
concerned would be desirable. It is essential that unanimity of opinion on course objectives and procedures
be achieved at such a conference. The most appropriate time for the conference would be approximately one full
yesr before the actual experiment took place.

*While the resistance to changs in astablished institutions of higher tearning may be 100 strong to permit sufficiant change
to increase etficioncy significantly, new institutions without vested interests may well be whare the technological progress will occur,



1t would be the responsibility of the principal researchers and consultants to design and prepare measuring
instruments of output. Cost data, both average and marginal, would be required for each pedagogy analysed. The
total experiment] if the results are to b Jefinitive and accepted, will have to be carried out under rigorous experi-
mental procedures. To the extent that ledming by doing may occur with new technologies certain portions of the
experiment may be reapeated during a second year in selected institutions. After the experimental period the
data would be collected and analysed and the results disseminated through publications and conferences to as
farge an audience as possible.

One of the major problems associated with designing and carrying out such a project concerns the defining
and measuring of educational output, The failure to deal adeguately with this problem is one reason why most
research on cost effectiveness has not convinced the skeptical educator to change his teaching practices. Typically,
for the sake of simplicity, experimenters take account of only one or two dimensions of output which are
regarded by many to he among the less important. Educational outputs can be put into at least three categories:
increases in students’ cognitive skills; changes in students affective characteristics; and the enjoyment or con-
sumption students obtain from the educational experience. Thus, any major research effort must take into
account the range of outputs that fall into all three categories.

The first category contains nuimerous elements, many of which involve the learning of subject matter. One
of the first steps that would need to be taken by the researcher is to define the body of material to be included in
the courses under study which must be common to all pedagogies being evaluated, At the same time, what con-
stitutes mastery of the subject should be clearly enunciated. In economics, for example, this would include the
following: ‘

i) acapacity to follow and sustain an economic argument and to make logical inferences from
given information;

{ii) the ability to set out and communicate to others a logical argument in economics;

{iii) the ability to be aware of assumptions made implicitly in the use of an economic rodet to
assist a process 0f reasoning and to perceive how a modification of the assumptions might
effect the conclusions;

{iv) the ability to understand the mutual interrelations and interdependencies of the various elements
in an economic system and to take account of them in handling economic problems;

{v) the ability to understand and expfain the economic effects of important economic institutions on
economic policies; ‘

{vi) the ahility to make appropriate inferences from quantitative data;

{vii} the ability to apply to an economic probiem the modeis of economic analysis that are most
appropriate to il

Cognitive learning, however, is not limited to mastery of course subject matter. It includes as well the
acquisition of general intellectual skills such as the ability to reason logically, to communicate effectively,
assimifate information rapidly, etc. While any good measure of student performance on subject matter will reflect
these general skills, it is important that the researcher explicitly define how the learning of general skills enter into
aggregate educationaf output.

Adequate measurement of the various components in the cognitive category may require a battery of tests,

ranging from standard objective examinations to written essays to the working of complex problems. An addition-
al reason, invariably neglected by researchess, for a variety of measuring instruments is that students with different
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characteristics perform in a signiticantly different fashion in different types of tests. For example, in economics,
recent preliminary rescarch findings have shown that students pe-forming well in objective tests do nut
necessanly perform well on essay examinatson and case anatyses and that certain student characteristics are

reliable predictors of how well certain classifications of students will perform on different types of test
instruments,

If such research findings are substantiated it may be impossible to construct a single valued measure of
output which would be universally appealing. Such an index would require a consensus on the weighting of each
of the test instruments and this may be wumattainable. The fact that a research proposal raises such an issue is no
reason for substituting an incomplete measure of output; the issue can be, at least partially resolved, either by
accepting the weight of experts in the field or alfowing potential users of the results to choose their own weights.

Further information about course output may be obtained from the students themselves. While the validity
of student apinion on courses and teachers has been seriously qu2stioned as a basis for rewards to facuity, their
considerable potential for research purposes has been essentially ignored. if the producers of educational output
were subject to the same forces as are the suppliers of most commodities in our economy they could not afford
to ignhore the opinions of consumery, While faculty and administrators might remain relatively immune to the
force of student sovereignty, it may well be that students’ opinions of what they abtain from courses and faculty
are more accurate measures of edugational output in the cognitive category than all conventional tests combined.
‘Consequently, a carefully defined student questionnaire is a critical element in a study of this kind.

In attempting to measure the efficacy of different pedagogies, proponents of increased productivity in
higher education need to go beyond just the measure of output relating to changes in cognitive skills and assess
what may be just as important to human capital formaiiis:, namely changes in affective characteristics. For ex-
ample, students feelings about and attitudes towards intellectual endeavor and the relevance of subject areas will
affect their career choices. {Anecdotal tales abound about how famous men chose their fields; Max Plank, the
famous German physicist opted out of economics because he felt it too difficult a subject for him.} The manner
in which a course is presented, given the subject matter, by influencing students’ emotional outiook, will help
determine time spent on a subject, opinion of courses and faculty, choice of undergraduate and graduate study
and ultimately career choice. Since such factors could have far reaching implications for both individuals and
society in general, sound reasons appear to exist for attempting to assess changes in affective characteristics in
the suggested research approach, Thus the student questionnaires should include questions designed to provide
information on changes in affective characteristics.

The problems associated with defining and measuring inputs and accurately costing out different pedagogies,
while much less difficult than those that arise in connection with educational output, are nevertheless real and
substantial. How should different pedagogies be characierized? What are the differences between average and
marginal costs and between short and long run costs? How can differences in the quality, as opposed to the type,
of input be taken into account? While answers to these questions will not be attempted here, they are an
essential element in any good research proposal on the cost-effectiveness of different techniques of educational
production.

The above research proposal has implicitly assumed that universities, to some degree, create value-added in
their teaching function. Earlier in the paper we advanced the hypothesis that another function of the university
is filtering students. If one considers the university purely as a filtering institution, much of the proposed
research is irrelevant. To achieve efficient resource allocation in such a situation requires only an analysis of
relative costs and effective filtering potential of different courses and testing instruments. Since almost no one
believes that zero value-added occurs in teaching in the university system, the research herein advocated should
provide the type of information necessary to evaluate technological innovations and increase efficiency in higher
education.
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LEARNING, TECHNOLOGY, AND THE POTENTIAL INCREASE OF
PRODUCTIVITY IN HIGHER EDUCATION

Robert T. Filep
Associate Commissioner for Educational Technology
Director, National Center for Educational Technology,
U.S. Office of Education

- Congratulations to the organizars of the meeting!
— The group of participants assembled is irdeed impressive.

— Educational technotagy and praductivity, they sound like they should go together like love and marriage,
horse and carriage and so forthl

Today | would like to share some thoughts with you in three areas:
1. Briefly, how do we define this new approach: Educational technology!

2. Any endeavors exploring ways for increasing productivity in higher education must take into considera-
tion the changing nature of the {earner as well as having a viewpoint which considers the facuity and
administrators also as learners.

3 Quality and quantity of productivity that we seek must be reviewed in the context of the goals of
higher educat,on - yesterday, today and tomorrow,

Educational Technology
In trying to define educational technology, | am reminded of Justice Potter Stewart’s opinion in Jacobeliis
vs. Ohio; | shall not attempt to define pornography, but | know it when | see it.

Almost everyone is looking for a definition of educational technology, some say it's the parts of instruction —
aids and hardwaie, some say it’s the process of instruction — determining needs and strategies — selecting and
designing materials — using them with students — evaluating the results, Some claim it’s the people of instruction —
the students and the teachers. Most of us would probably agree a definition of educational technology includes all
of those in a synthesis of the parts - the process — and the people, and perhaps most of us would agree that
beyond the jargon and the buzz words, the term “Educational Technology” means simply the application of modern
instructional systems and media to the learning process. As such, it can be a total approach and not just a bandage
effort. Certainly, the process is not exclusively centered around the fearner, it must include faculty, learners,
administrators. and support staff. In short, all those involved in making teaching decisions. Clearly then, process
success cannot be predicated entirely on successful machine or text-related programs. Rather, it will depend on great
part on the number of decision-makers who have been effectively introduced into the process of choosing tesching
means and teaching ends.
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The approach 1o the subject of the symposium could be along three lines, these three lines can be clearly
separated, although they are intertwined for alt practical purposes. During the symposium primarily the approach
that | associate with monism was followed. { believe that the other two approaches are equally important, and
like to draw attention to them here,

The three approaches to utilizing educational technology that | distinguish are:

A.  Pragmatic Approach

The pragmatic approach would be to look at what we have in educational technology that has been
tested and what has proven to be useful for specific situations. This inventory and evaluation proce-
dure should of course be nationwide. The second step of the pragmatic approach would be to identify
situations in vshich the successful experiments — which have been selected out in the first inventory
step — can be repeated with a large probability of equal success. The third step would be the imple-
mentation of step two,

B.  -The Pluralist Approach

One way to think about the use of educational technology is to ask: What can it do to sid in solving
the present AD HOC problems we are facing in education, or in another form the question is: How

does educational technology relate to the present needs for the education system. More in concerto
one could consider only

— Whether Educational technology can be an alternative to on-campus instruction
— Of what use is educational technology in reducing student unrest, dropouts, etc,
and concentrate on those types of AD HOC needs.

| call this a pluralist approach for two reasons:

— The AD HOC needs could be fuifilled by means which are detrimental to other elements of
the system and may create new problems {Classical Example: the creation of the nation-wide
freeway network was considered an AD HOC need in the fifties to solve the military and
civilian transport problems: it created the present 4D HOC problem of poliution by com-

bustion engines). Consequently, any utilization of educational technology must consider
second order effects,

C. The Monist Approach

While | recognize the importance of the last approach, the other two approaches should be pursued in
paraiiel. However, we cannot lose sight of the fact that educational technology provided us with tools
and technicues whereby productivity questions can be examined, The productivity theme was sounded
very early in the history of educational technology when B. F. Skinner announced his *' Twice as much
learning in half the time.” You recall that he, Holland, and Arnstein were trying to consider a science
course for non-science majors. Students were utilizing self-paced instructional devices to garner the
profane dimension of a psychology course {terminology, laws, etc.) which would aliow them to then
sit with Skinner, et al., to explore and interact ‘‘with great minds"’ exploring the sacred dimensions
and theories of psychology.

The lecture or seminar was not discarded as a mode of teaching, nor is its demise advocated by the high
priests of educational technology, it is one mode of learning and should be clearly linked to specific outcomes.
If conveying information is the main objective for utilizing a lecture, then, it must be on the defensive. Almost
everything we would like students to know we can place in their hands via paperback. Plays, too, can be read
faster than when we sit through an evening at the theater, but reading doesn‘t take the place of the performance,
Moreover, jectures provide the opportunity for trying out ideas while they are in the process of formation. They
are thus part of the teachers’ laboratory. The tistener is not presented with a finished treatise, but rather observes a
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living mind at work, gaining an msight into strateges, not to mention the encrgy flow in exchange, that takes
place. This demension ot itersction between teacher and leamer hasn't even begun 1o be measured. Let’s take a
moment ard examine thes leaoner,

Changing Nature of the Learner

Most of us grew ug 1n audio-age where the prime mode of communication was audio — the radio, via
lecture, and the pulpd. in contiasts, the average chid today spends 16,000 hours viewing a T.V. set during the
same years he spemds 11,000 hours learnmg i elementary and secondary schools. He is a multi-image learner
accustomed 1o learnmyg from both audio and visua! presentations. He has atso come to expect effectively
sequenced presentations with g vch use of color, yraphics, and commercial television quality.,

The stirdenty, on our campuses today tave @ greater expectation for new and modern approaches that are
technotogy tused, effective, and relevant. Bducational technology provides both the process and products to
meet such heeds.

The expiosive increase 1n the volume of communication directed to the individual creates the need for
resolving this concern. Thus, we nught expect lgarners to deal with an increasing number of receptors — media
for receiving commumication, tape recorders, Copying equipment, etc.,

The growth of a differentiated communication system is part of a larger process by which our society has
been producing a differentiated culture,

Richard Marset, in the summer issue of the Public Opinion Quarterly, provides considerable data to support
the thesis that mass media are shrinking in size relative to the total economy, and that the specialized media
becoming increasingly important.!

Educational technoloygy is i harrnony with this change, and suggesis that one start out by thinking in terms
of promoting lraning, rather thun providing mstruction. To do this one needs a fiexibility' of approach that will
accommodate the individual differences existent in all of us. 1 continue to be intrigued by the potential of the
cognitive mapping activity of Joe Hill and Derek Nunney at Oakland Community College. Their idea of Diagnosing
students for most effective modes of learning {lecture, seminar, audio-tutorial, programmed test, individual study,
etc.) basad uoon prior successes 1s that learning holds great potential. In this approach there is a dimension related
to the schema suggested by Keith Lumsden where he outlined a method whereby students would be “billed
accordingly” for each mode of instruction selected in relation to its cost (i.e., lecture, seminar, audio-tutorial, etc.),
the mechanisms would be very easy. Think for one moment about a recent visit to disneyland whereby a book of
tickets marked A, B, C, D were purchased, Certain rides were selected based upon cost — others, because they
were potentially more enjoyable,

Included 0 this booklet should be tickets that provide for “dropping out’’ for a semester or two, 1o partici-
pate in the world of work, the tizkets should be designed, first, to make campus instruction more relevant, and
secondly, to enable the student to make decisions relating to curricula that will provide some saleable skills upon
graduation. A life-Jong learming, career education approach in higher education is long overdue.

The quabty of education is nut Lased on required courses; it is based on the interaction between teacher and
student, in essence, we are giving much more freedom to both, but we are holding them more accountable for
performance. We have not reduced rigor through flexibnlity; we have increased it, and need to increase it more if
productivity is to be muearungful,

TMaisel, Profossur Richasd, © The Doectine of the Mass Madia,” pp. 169-170, Pubic Opinion Quarterly, summer 1973,
Columbia Univorsity, journabisecdmpartmoent, New York, NUY,
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Aithough apprepriate reinforcers need to be implemented in facuity promotion considerations {i.e., develop-
ing an audio-visual course is equal to publishing ane book, etc.), more important considerations are necessary, the
majority of today's faculty did not learn, nor experience muiti+mage learning. For most of us, we were finear,
print learners, and orbited and continue to orbit in what McLuhan so aptly describes as “’The Gutenberg Gataxy.”*?
Add to this fact that the body of knowledge in any field is increasing so rapidly that a faculty member may shun
any new ideas for involvement in the process of the university to keep his head above water in his own field,

Consequently, educational technology must enter as a reinforcement, which t} - facuity member can utilize
and also develop. However, time must be provided, as for research, to allow updating and media development
activities, in fact, | would suggest that in today’s world the sabbetical is obsolete and a “Cing-Annee’ for at least
8 halt-year should be instituted to enable the facuity member to participate as a learner, as he evolves technology-
based instruction. Residuals and royalties might accrue from the production and broad-scale use of television
productions, media materials, etc. for both the university and the faculty member.

Paramount among our concerns for the success of such a project is that adequate faculty time be made
avaitable for intensive planning, production, and evaluation. A level of support for participating facuity must be
provided which will, in effect. remove them almost completely from the many claims upon their time from
university administrators and housekeeping groups. Facuity should also be retained at a leve! of support through-
out the entire course development period {for instance, three years) to permit full participation in evaluation and
resulting course modifications.

Further study should be given to encouraging particpation in, and acceptance of, new forms of instruction
by faculty who have not assisted directly with such preparation. Presumably they will become involved with a
project of importance to the institution and to higher education, and their attitudes as well as those of their
students hould be evaluated.,

Any discussion of the creative use of educations! technology to increase productivity in higher education
should take into consideration that the percentage of 18 years olds graduating from high school in 1881 will be
over 3 million, up 10% from 1971, and that the anticipated percent of high schoo! graduates going on to collge
will increase about 6%. The current expenditure for institutions of higher education, public and non-public, for
1971-72 was $29.9 billion. Based upon constant 1971-72 doHars, which we know will not be true, we can
anticipate almost a 50% increase by 1981 to $46 billion. Enroliments only up slightly — but expenditures
increasing greatly.3

The contributions of the faculty, of course, are only one source of productivity growth. Other major sources
include technological change, increased capital intensity, improved operating miethods and work practices, econo-
mies of scale, advances in knowledge and shifting work to customers (the learnars).

Evidence indicates that the bulk of the increases in productivity stem from sources that have little or nothing
to do with the direct contributions of the faculty themselves.

For example, if 100 men moving a mound of dirt with hand shovels are replaced by one worker using a
power shovel, the output per man-hour will go up tremendously,

The source of tne increase, however, is not in harder work but the one remaining employes,

Rather, the source of gair. comas from the advance in knowledge that permitted the power shovel to be
invented, technological change in the invention of the power shovel itself, an increase in capital intensity
embodied in the power shovel, and the better education and training that permitted a worker who was using a
hand shovel to learn how to operate a power shovel.

o McLuhan, Marshall, The Gutenberg Galaxy, University of Toronto Prass, Torewnto, Cansds, 1962.

3statstics of Trends in Education, 1961 62 to 1981 .82. National Center for Eoa onal Statistics, U.S. Office of
Educanon, Washington, D.C., January 1973,
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Only the last of these - hwgher skill — might warrant an increase tied to his increased output per man-hour.

Taking another example, an important source of in-reased productivity in many industries in recent years
fas mvolved a shift of work from 2 company’s employees to 11s customers.

Two outstanding ilustiations are the trend toward self-service in retail stores and the switch to customer
diating of long-distance telephone calls,

Evaluation for Excellence

institutions of higher educstion utilizing educational technology need courage but should not fear evaluation,
For the very esserice of evaluation is to sncourage the evolution of escalating levels of excellence. Learning systems
should undergo considerable development testing and revision with potential target audiences before they are used
fur larger sudiences.

Careful examination of training to actual on-the-job requirements should be considerable. Faculty and
student representatives should be encouraged to participate in the formulation of boals and objectives and pre-
and post-evalu . tion,

We should be willing tu examine very carefully the efforts of, for example, britain’s open university, empire
state, sun, and other forms of non-traditional instruction in higher education. By insisting on these formative and
summative evaluations a great deal of information can be abtained without investing in the high set-up costs that
have been “'sunk’ into activities. However, evaluations that are sensitive and innovative will need to be developed.
Utilization of adaptations of market research will be required and, in some instances, development of new instru-
ments and approaches to assessment, we must indeed beware of taking the approach in the anecdote about Mr.
Green and his canary.
Challenges Ahead

University personnel utiizing educational technology need to be courageous and offer advice and counsel as
to how to best proceed in the days ahead — particularly as they attempt to respond to the new clients, the new
demands of the learning society, and the use of new approaches.

All | can say as a final (tem of yuidance is “hold your handy in a handy position.” The early implementation
of another technology, aviation, provided some caveats, and thanks to an olden 1920 pilot’s manual from united
airlinesd | would like 1o share these with you since they bear some analagous relationships with educational
technology.

1. Don’t take the machine into the air unless you are satisfied it will fly,

2.  Pilots should carry hankies in a handy position to wipe off goggles.

3. in case the engine fails on take-off, land straight ahead regardiess of obstacies,

4. No machine must tax: faster than man can walk,

5. if vou see another machine near you, get out of its way.

6. Do not trust altitude instruments,

Biian Carpet Mowsletter Uiated Aabimes, (otober 1970,
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7. Pilots witl not wear spurs whife flying.
B. it an emergency occurs whife fHying, land as soon as you can.

Think of tF e accomplishments the last 15 years have provided in educaljional technology — imagine what
the next 15 could bring in higher education,
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NEEDED: A COLLABORATIVE OPEN UNIVERSITY NETWORK

Joseph I. Lipson
Associate Vice Chancellor for Academic Affairs
University of llinois at Chicago Circle

INTRODUCTION

There 1s a need for an education.st system which transcends the limitations of the campus model. The
documentation of this need is extensive. A general point to make is the follcing: Unyrecendented numbers of
people have and will have some post-secondary education and aspirations. These people will tend to be continuing
consumers of edutation for the rest of their tives, They will have 3 highey probability of seeking additional education.
Further, they will be somewhat more knowledgeable about what constitutes good education. As they {ook for
programs to advance their interests, it s my contention that individuals with previous higher education will require
advanced programs which in the past have been among the mast expensive programs; i.e., training in the laboratory
sciences, professional and pre-professional programs. It is not yet clear where the investment capital will come from
for the new organizations which are needed. Also needed are new methods of marketing and financing education
from the standpoint of the new class of student. 1t is the contention of the author that one way to deal with the
problem (the only way which | have been able to think of) is through a coordinated collaborative effort utilizing
advanced educational technalogy, among the states and with the aid of the federal government. The collaborative
organization would have the objectives of developing dnstructional materials for systems of educational technulogy,
proficiency tests to faciitate credit for knowledge acquired, - ystems of student access to reach those who cannot
attend campus based institutions, and an effective information system to guide potential students with regard to
the alternative opportunities.

Instructional Materials

The resuits ot SESAME STREET, THE ELECTRIC COMPANY, and the courses of the British Open
University have suggested that the way to truly effective mass use of educational technology is through incressed
investment in development of instructional materials. Materials which are “home made’ have neither the qualities
of craftsmanship, artistry, nor the proper incorporation of what is known about effective instructional design to be
widely used, Thus the attempt to produce courses on a shoestring has resulted in giving educational technology a
bad reputation.

The author’s hypothesis is that poor instructional design is acceptable to the students so long as it is coupled
to a social network which embeds the student’s eHorts in interpersonal situations which sust~in his learning efforts;
i.e., the campus system works in spite of the quality of teaching because the complex set of human expectations
keeps the student working even in periods of discouragement, disinterest or contact with poor teaching. in systems
which involve various degrees of teaching at a distance, these social supports are missing and, according to the
hypothesis, this accounts 1or the high dropout rates of extension programs.

One of the remarkable achievements of the Bntish Open University is their relatively low dropout rate
{approximately 20°% by one method of calculation). While 1t is true that the British system uses an extensiye
course tutor network to support the students’ efforts, they also give redit to the high quality and excelfent
instructiona! design of the course materials. Thus the second hypothesis is that as the human netwosk s weakened,
the quality of the instructional materials must increase 1n order to hold the students’ attention and to keep them
actively involved. ’
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Estimate of Magnitude and Cost

Let us estimate that for an effective Open University, approximately 300 courses will be needed. These need
Aot be developed instantaneously, but should be developed over a five-year period. This would mean approximately
60 courses per year should be prepared to an extremely high stanoard of quality. Let us further estimate that each
course will cost about $1,000,0600 to produce. This estimate comes irom both the British experience and other
curriculum development projects. Thus an investment of approximately $60,000,000 per year is needed. Even
after the first five-year period is completed, courses will need to be updated and new courses prepared. White
$A0,000.000 per year 's a small fraction of the cost of higher education, at present there is no method of financing
such cfforts. N

If each state were to take a portion of the task, the financing becomes much more reasonable. For example,
Hlinois with about 1/156th of the population of the United States would contribute 1/15th of the courses. Thus
we would prepare four courses per year at a cost of $4,000,000 per year. This would not be too great an amount
if the effort was recognized and endorsed by a suitable range of national organizations. It is also conceivable that
the federal government would support either matching grants or a large scale demonstration in one or two states.
. Some support is obviously behind some of the work which is taking place here and in nther states. It is simply my
_€ontention that the scale and comprehensiveness is not yet sufficient to do the job which needs to be done. We are
‘struggling along at subcritical mass.

: Note: The estimate of 300 courses arose from the number of offerings in typical colleges and the need to
provide an adequate range of options. It is not intended to be a precise number, but only the basis of rough
estimates of effort and cost. Another point to be made'is that some organization will be needed to monitor and
manage the course production network. This will be retumed to later. In any case, for the system to work, some
assurance must exist that each course which is approved (by some procedure) will be used by large numbers of
participating states.

Proficiency Tests ;

Adequate, widely accepted proficiency tests are essential part of the design of an Open University network.
They can provide for transferability of credit which is esrned in a veriety of institutions. They can certify fearning
which has taken place independently, outside of the formal system. Proficiency tests can also serve as placement
teste, and disgnostic tests, for various degrees of individualized instruction. There are serious problems in developing
proficiency tests in some areas of the curriculum and for some kinds of students who have learned much outside of
traditional course structures. Nevertheless, the cost of developing such tests is much, much less, by my information,
thar. .- urse deveiopment. We should not allow the chain of the network to be weakened by a weak link in the
testing component.

Much work is being done in developing reliable and valid proficiency tests. It is my intuitive judgment that
there is a better match between talent and the task in this area than in any other component required for an Open
University network.

System of Strident Access.

A wide variety of ways of enabling studerts to obtain instruction are being experimented with. These include
courses by television, computer based education, independent study, modernized correspondence courses,
individual student contracts, courses available through YMCAs and library networks — and various combinations of
these. Differert motivational and instructional arrangements, students wno are handicapped each have problems
which will require though in the design of methods of bringing instruction to them.

The exact format of this component is probably least obvious zt this time. The future of videotape, computer
assisted instruction, cable TV, are not clear; and their development and growth will be important considerations
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in the design of an Open University system. With adequate support and planning such approaches as apen broad-
cast by TV and radio. broadcasting with on-site recording, educational newspapers, and other forms of media
could change the design equations. | do not mean to imply that technological development can make or break the
system. The educational and psychnlogical dimensions are much more difficult and fess well understood, it is
true, however, that the state of uncertamity in technology makes it difficult to 2ero in on a particular format.
i

Further, some decisiun regarding media and technology should be made so that the courses which are
produced will have sufficient number of students using them to justify the investment. Whatever system is
adopted will have to provide for maximum access by those who need an open system, Thus, while experimentation
and development should continue, a format which offers maximum access and flexibility without excess cost
should be agreed upon. While the authior has some preferences and ideas, the decision should be based upon the
best engineering and educational expertise that can be applied.

White aware of the difficulties, the unalysés made by the British and by Dr. David Miiler indicates that the
cost (per student pwr course) of a system of student access can be brought well within the present conventional
instructiona! costs. The simportance of tins analysis is that (except for development costs of the particular format)
the ¢is® “3n be treated on a per student basis and need not be sought as a capital expesditure.

In summary on this point, the system of student access should be established taking into account the current
state of the art in educational techno!agy. Flexibility which is not so great that it drives of the cost of instruction
is a desirable objective. Standardization of the media format which allows us to reach most of the potential students
is another desirable factor. There is a tradeoff between flexibility and standardization of format which must be
worked out.

Information System

Students neea to know what educational programs are available to meet their personal objectives. They may
also need to know something about their goais. If they are interested in preparing for a career, they need under-
standable descriptions of wt.at a fiven career entails, what kind of life it offers. People need much better informa-
tion about job prospects in various lines of work. Once they are certain that they want to seriously explore a given
career, tiwe system should provide the client with information about what kinds of preparation can be obtained, how
jong it will take, how much it will cost, what the entrance requirements to the various programs are, what the
artrition rates are, etc.

Much work has been done along this line. The most advanced work which | am familiar with has been carried
out in Oregon with a computerize | career education information system. The system should inform of all
appropriate programs: public schools, private schools, proprietary schools, on the job training programs, pragrams
of the armed forces and the federal government, learning exchange programs and other nontraditional and open

programs.

The most difficult part of keeping such a system is that of keeping the information complete and up to
date. New programs are constaritly being initiated while others are closing. Vital courses may be oversubscribed
and credential requirements may be overly subscribed and credential requirements may suddenly be chaiged in
certain professional programs. Because of this problem, it seems that a computer based system which feeds a net-
work of terminals is the most effective model.

An additional consideration is the role of guidance counselors. It is my judgment that some human guidanc *
is needed, but | am concerned about the past history of professionalizing guidance to the point that it becomes
very expensive and the counselors become more and more remote from the people whom they should serve. It is
my personal conclusion that the emphasis should aiways be on educations. The individual should learn about the
sources of information and how to interpret the information.

<
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The cost of such an information system can be kept surprisingly fow. The Oregon System operates at a cost
of a faw dollars per user per yeor,

An obvious possibility is to couple the information system with a testing service. The tests could be a wide
variety ranging from aptitude and vocational interest tests to proficiency tests which can serve to obiain actual
course credit. The services provided by such a network of information centers could be financed in a variety of
ways. Probably some arrangement in which fees are adjusted to agoid some trivial use while not inhibiting serious
clients would be ideal. Some subsidy of the overall operation of the information system and some way to forgive
the fee for poor wdividuals would seem to be in the best interests of society.

Organization

An administration and coordination office is needed. Tasks, responsibilities and deadlines will need to be
agreed upon. Schedule adherence will need to be monitored. Tests and instructional materials will need to be
reviewed and tested for effectiveness. Completed products will need to be disseminated. Thus there will need
to be an administrative officer and staff for each of the major components: instructional materials, proficiency
tests, student access system, and information system.

in order to keep the network responsible to the needs of the higher education community and the states, some
appropriate body with representation from the entire country will have to be selected or naimed do :ei policy.
Perhaps, an elected Board of Directors of reasonable size could be practical policy setting group.

Such an arrangement imrnediately raises, in my mind, questions of autonomy and bureaucracy. | would hope
that knowledge of organizations and organizational theory to avoid some of the dangers. In any case, my logic goes
something like this: We need an open university system. An effective system needs a large investment of effort
and capital. No individual institution or even individual state is likely to allocate the resources needed to do the job.
Therefore, some means must be found to unify the strength of the higher education community.

The possible di{ficulties are the following:

It will be difficult to get a sizeable number of states to agree on a cornmon formula for allocating resources
and a common format for administcring these resources.

The federal government will be reluctant to set up a national Open University effort of this magnitude
because they would be charged with the interference in what are basically state operations. Even if they only
tund and do not attempt to administer, they wil! be open to charges of unfairness in the allocation furmula uniless
the funds are given in some refation to the size of the states.

It will be impossible to effectively administer such a confederation. The British Open University, it can be
argued, works precisely because it is unified and forused.

In answer to the above difficulties, the following point can be made. The individuals who are attsmpting to
set up an Open Universities are aware of the needs which have been outlined. The individuals | have spoken to have
been uniformiy enthusiastic about the basic idea which has been proposed. while it is not clear that enthusiasm for
8 far off idea will be transiatabile into action, it has been enough for me to continue to work on more detailed
planning at our institution and our state,

SCENARIO

It may heip the concept more concrete if a brief sketch of the way the system would work is given
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Mrs. Jane Gurolsks marnied when she was g junior in college, She had average to good grades. Her major was
in history. When she married, she quit school to work to support her husband who was in graduate school. Now,
Mrs. Gurolski has been out of school for 10 years. She has young children in school, but she wants to continue hes
education with g view of furmag a career with more satisfaction and potential advancement than any she could
manage with her present fevel of tramning.

Mrs. Gurolski noticed an ad m the daily paper encouraging people to make use of the career education infor-
mration system. The ad promised that for a charge of two dollars that one could explore career possibilities and
find the educational programs to prepare one for a chosen career. Since one of the information offices was
jfocated in a neatby high school, Mrs. Guroiski stopped in one evening. (The information cente} kept hours until
10 p.m. edch day and was open on weekends 1o encourage use by people who work.)

The infurmation office was beng manned by a young man who was earning money for his education by
warking at the center. In order to man the center, he had been given a three-week orientation and training
progiam. A ughly tramed professional was i1 charge of ten of these offices and the professional had responsibilities
1o both the peoghe who manned the offices and indwiduals who needed special forms of assistance.

The youny man askeld Mrs. Guroltski if he could help her. Somewhat awkwardly, she said thet she wanted
some way of establishing a career and possibly to find out how she could complete her education. The office aide
asked her to sit down at a computer teriminal and to type in the word, START. The computer program alternately
asked some questions, gave Mrs. Gurolski the chance to ask some questions, and offered lists of alternatives.
Explorations of interests, limitations, past preparations, financial considerations, etc., gradually narrowed the
number of desirable job targets and feasible educational programs suitable for Mrs. Gurolski.

Mrs. Gurolski became convinced that she should obtain her Bachelor’s Degree in order to maximize her job
chances. By taking each term for one year, one course at a local junior college, one Open University course which
was available for home study, and one other Open University course which required her to come to a tocal learn-
ing center once a week, she could obtain her degree so that she would have several options upon completion of her
undergraduate work. The courses included criminal sociology, general administrative theory, technical writing, and
urban political science.

The forms which were needed wer e all available at the information center. Upon completion of the forms,
they were immediately reviewed by the professional guidance person who was available to scan them by picture-
phone, even though, he was 1n an office about thirty miles away.

Mrs. Guroiski was assigned a personal tutor from the Open University whom she could call for assistance and
who would monitor her progress and call her if trouble signals arose. In addition, she was given the names of people
who were practicing in the careers that she was most interested in and showed the most aptitude for.

in each of the courses she signed up for, she was given a printout of five people who were taking the same
course who lived nearby_ Her name was also given to the other five. A letter encouraged the six students to meet
and form a self-help group. She was also given the names of individuals who had completed the course who {iad
indicated they would be willing to help students in the course.

Mrs. Gurolsk: was notified of acceptance into the courses by mail at her home. Thus, through the information
center, she was able to renew her academic program by a single visit to a single office. She was able to establish a
program which fitted her schedule limitations and her financial constraints. She elected to obtain her B.A. degree
through the external degree granting authority of the Open University in her state.

In each of the courses she took, she was initially given a placement diagnostic test. This test informed her of
weak elements 1n her hackground and how these could be remedied. They also identified her strong points which
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she should use to make her program more efficient and useful for her. If she had done extremely well on the
tests, she coutld have tested out of the course and either taken a lighter load or taken other courses.

During her year of study, she made appointments with people working in her fields of interest so that by the
time she completed her degree, she had a clear strategy for her next step.

CONCLUSION

In the author's judgement, an Open University network is urgently needed as we move toward the year 2000,
Behind each of the points raised there is an extensive literature which can give detail and structure to the over-
simplified version presented here. If the program begins, there will be tremendous number of practical probtems
which wilt require planning, analysis, and accommodation. Without minimizing the problems, the opportunity is
such that we have the technology, the knowledge, the talent and resources to produce this new alternative in
higher education.

COURSE MATERIALS FOR ALTERNATIVE INSTRUCTIONAL SYSTEMS

SYNOPSIS

The institutions will plan for a long term cooperation in the a) production of course materials, b) systems of
student access, ¢) proficiency tests, and d) evaiuatiun of the system. The intention is to serve large numbers of
unserved potential students in the greater Chicago area through the use of media and educational technology.
in this proposal we seek support for planning and for the preparation of one course of high quality, The institutions
will seek additional support from other agencies and will build a major cooperative effort for alternative
instructional systems,

Justification of Proposal

There is a large number of potential students in the greater Chicago area who need and desire educational
experience but who cannot become part of the campus system. On the other hand, there is outstanding talent and {
experience in alternative educational systems in the cooperating institutions. For example, the Chicago Television A
College has been a pianeer in televised instruction. What is needed is a way to coordinate the extensive talent which
is present and to invoive a sufficiently large number of students to justify the required investment in instructional
materials of high quality. This proposal is a vital step in the development of an open university system for the
Chicago area, and hopefully, the State of Htinois.

Televised instruction, extension courses, open universities, and other nontraditional forms of higher educa-
tion have been struggling to become a major, resper ted component of the educational system. One difficulty
has been that the instructional materials have not been of sufficiently high quality to attract use by institutions
outside the one that originally produced them. As a result, the number of students involveo has not been sufficient
to jurtify the investment costs which would insure high guality. Scsame Street and the British Open University
have demonstrated that important progress can he made if the circle can be broken with improvements in quality
an chrough innovations in the way that students can gain access to educational experience.

In the decentralized world of American higher education, the innovation required is a system of collabora-
tion and coordination in order to avoid duplication which forces mediocrity on each duplicated effort and which
limits the size of the audience for each course. An important step can be taken by cooperation in the Chicago
Metropolitan area among the public instituti ons of higher education. Among us, we have the combined resources to
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develop outstanding course teams of subject experts, instructional designers, and educational system technolo-
giests. 1 we work together so that each institution uses the course developed we will be dealing with numbers
which will result in an excellent cost/benefit ratio.

Eventually, by starting at the lucal level in an area of high population density, we hope to develop a mode/
of collaboration which will serve for expansion to the state and national levels, Several schools around the country
have expressed interest in this concept.

Project or Program Director

The progrem will be guided by a representative from each of the cooperating institutions. The representa-

tives presently are:

Dr. Ted F. Andrews, Dean
College of Environmental and
Applied Sciences
Governors State University
Park Forest South, Hlinois 60466
{312) 563-2211, Ext. 300

Dr. Anthony LaDuca

Project Director

Office of the Dean of Education
Chicago State University
Ninety-Fifth Street at King Drive
Chicago, lilinois 60628

{312) 996-4433

Dr. Joseph |. Lipson
Associate Vice Chancellor
for Academic Affairs

University of lllinois at Chicago Circle

P.0. Box 4348
Chicago, Hlinois 60680
{312) 996-4433

Dr. James Zigerell, Dean, TV College
Chicago City Colleges

3525 W. Peterson

Suite 17, Terrace Level

Chicago, {llinois 60659

(312) 588-2000

Dr. Frank Vogel

Associate Professor of Elementary
Education

Northeastern Hilinois University

Bryn Mawr and St. Louis Avenue

Chicago, Hllinois 60625

{312) 583-4050

Under this propusal, a project coordinator will be hired. The proposal was prepared by Dr. Joseph Lipson.

Period of the Program

January 1, 1974 — December 31, 1974

Objectives of the Program

1. To develop a plan for cooperative action in:

{a) the r'evelopment of course materials for systems of instructional technology,

(b) the development of systems of student access to accommodate people who cannot easily avail them-
selves of the campus-based system,
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{c) the development of proficiency tests which will permit students to demonstrate competence without
tuking the course and which will serve other purposss in the instructional system, and

td} the development of a system of continuous and overalt evaluation of the cooperative effort.

2. To develop a single course as a practical exercise of the system. This course will be produced by a course
team with members from each institution. The decision regarding the course to be praduced will be made by the
policy council of representatives from each institution, The course development project will be administered by the
project coondinator who is to be hired. '

3. To develop a mode! of coliaboration for an alternative education system.

4. To prepare proposals to other agencies to enlarge the cooperative effort. With our central and pivotal
focation in a major state with a mixture of a large urban nucleus and rural areas, we could develop a major industry
of course development in the state.

5. To have an impact upon the effectiveness and efficiency of campus instruction through the developments uf
the project. Many of our students work, and this reduces the flexibility of their scheduling, For other students, the
traditional mode of instruction, we hope to be able to blur the boundary between the campus system and the open
university type of system. By offering a wide range of alternatives to all students, each student could find an educa-
tional program most suited to him.

Detailed Description of Program
1. Devefopment of Plan for Collaboration.

(a) Course Development. Typically, educational technology has failed because the course materials did
not match the hardware either in needed quality or supply of useful courses. It does little good to have
sophisticated and expensive hardware systems (dial access, closed circuit TV, etc.) if there are no goad
materials to use with the system. Thus an important part of the project will involve planning for
extensive, excellent course development, .

We shall identify the subject experts who have the capability and the will to become deeply involved

in course development for open university systems. We shall identify the courses which can most benefit
trom interaction with concepts of instructional design and the application of instructional technology.
For example, all of our institutions have the need for individualized programs in basic learning skills:
reading, writing, mathematics, and logical analysis. In other cases, certain large enrdl'ment courses are
vital to a number of career patterns. Many of these large enroliment courses could be made more effec-
tive through the systems we have in mind.

We shall explore and feed into the planning the probable acceptance of courses by students {both on
and off campus) and faculties. We shall also explore appropriate methods for dissemination to other
institutions of the courses developed.

{b) Systerrs of Student Access. We have among our institutions many of the picces of extensive outreach
systems of student access: open broadcast television, close. circuit television, video-tapes in libraries
and YMCAs, community and community college learning centers, extension systems, courses by
newspaper, PLATO computer based education, independent study, CLEPT credit and other proficiency
and placement testing systems. None of tinese efforts have reached critical mass either in number of
students who can be accommodated, in the range of courses available, or in adequate cost control.

We must plan for cooperative use of certain facilities in order to make them feasible for present
development. For example, if we can set up learning centers with computer learning terminals, audio
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and video-tape units, counselors, and tutors which students from any cooperating institution can use,
we may get levels of usage which would make this mode! extremely attractive. If we can improve the
guality ot open broadeast instructional matenals 1n certain basic courses, we may attract greater
course enroliments.

There s a large number of specific issues to be worked out in the planning. Standardization and

trends in the hardware must be estimated. Acceptable initia! and maintenance costs must be estabfished
and the organization of counselors and tutors must be carefully worked out. Overall unit costs of
instruction for different models of access must be developed, Specific sites must be found and co-
operative agreements for use of facilities must be prepared and agreed upon,

Schedules of development, funding requirements, and implementation will be prepared. The individuals
responsible for different elements and new staff needed in different models will be fisted.

{c) Proficiency Tests. Proficiency tests are important to the concept of alternative education. It is
important to the philosophy of the open university that a student who has learned something should
be able to receive credit without having to go through unneeded instruction. This requires proficiency
tests which meet standards of the faculties of participating institutions.

Well designed proficiency tests can serve other important purposes. They can be used as placement |
tests, finai examination tests, and diagnostic tests for individualized instruction. in general, they can
make the entire educational process more efficient and less frustrating to the student.

{d) The plan will include a continuous evaluation plan. The primary evaluation for course materials will
lie in their ability to have the student reach desired levels of competence, and acceptance by faculties
on the basis of the academic soundness of what 15 being taught, These will be assessed by test scores,
enroliment and retention rates, and faculty judgements of the materials.

For other aspects of the plan, evaluation criteria and methods will be prepared. in general, the best
evaluation of the project will be the extent to which further cooperation is generated and realized,
To this end, the evaluation component of the final report will document the extent and prospects of
long-term cooperation among the institutions.

2. Development of a Single Course. Planning can become disconnected from reality. For this reason, we
propose that a single course be developed in order to provide an important task in which various problems ot co-
operation will have to be worked out. By the end of tne project year, the first draft of the course will be completed.
We would like permission for the revision and final version preparation to extend beyond January 1, 1975. No
additional funds will be required, but the expenditure of the funds shouid be stretched for this component of the
work,

The course materiafs will be designed to be adaptabie to as many different media formats as possible.
Motivational aspects will be part of the course design, Selection of the course 1o be developed will be the first
order of business for the policy council if the proposal is approved and funded. The course production will be
administered by the project coordinator. Key academic decisions will be made by the course ream which will have
a course team leader named by the policy council.

3. Development of 8 Collaborative Model, There are many details to be worked out if large scale rooperation
is to become a reality. Academic faculties and administrations of each institution have certain procedures which
require prior approval for new courses and new ways of dealing with students. In adaition, certain legal and
monetary questions will arise and need to be worked out. For example, if government contracts are obtained, over-
head will need to be shared according to some acceptable formula. if the program is used commercially, authors,
and the participating schools will have to tigure out a formula for royslties. Still another important function of the
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model buitding will be the desian of ways to stimulate and reward collaborative activity by the faculties of
the participating institutions,

4. Preparation of Praposals to Other Agencies. Individuals in several government agencies and foundations
have expressed interest in proposals for research and development in the area of educational technology which
involve cooperative efforts among several schools. Chances for funding are usually improved if prior work can be
documented in a praposal. Therefore, the evidence of cooperation among th~ institutions and the support by the
State Board will significantly improve the chances of being funded. Several national panels have catled for
regional course production and educational technology centers. This effort could grow into such a center for the
upper midwest area.

5. Impact upon Campus Instruction. There are many ways that on campus instruction could benefit from
the products of this effort. The course team will be learning new aspects of instructional design, learning psycholo-
gy, and ways 10 use the media. Thus it will have a facuity development aspect. Because being named to the course
team will have a high status, course development and teaching wil} be looked upon with greater favor by other
foculty members.

The techniques of course development and the use of media have important applications to courses on the
campus. The visibility of the cooperative effort should increase the chance that these techniques will be used.
The course which is developed will probably be used on the campuses in order to provide greater flexibility and to
deal with campus instructional problems.

Under current or slightly modified administrative procedures, students will be able to select for themselves
a program of study involving both external courses and campus courses. This aspect of the cooperative program
would increase the options and the opportunities for many students who work ar have other responsibilities
which keep them from becoming full-time campus students.

6. Contributions by the Institutions. Since the interinstitutional proposal does not prowde any overhead, the
cooperating institutions will be making this obvious contribution.

Fscilities. Media production facifities will be provided by the institutions involved. These include extensive
studio facilities at UICC and the City Coileges of Chicago, as well as those of other institutions. We have not asked
for secrctarial help and will provide this from internal resources. Travel costs will be assumed by the institutions.
Supphies and technical costs will be considerably greater than the amount requested. While released time to the
extent of $50,000 is requested under the grant for the course team, additional support will be forthcoming from
a variety of experts on all the cooperating institutions. Individuals such a Dr. ZigereH, Dr. Andrews, Dr. Markle,
and others will cont:sbute their knowledge and experience to the project. The project will, in fact, act as the
catalyst for focusing talent and resources from ail the institutions, Only by such cooperation can we begin to
reahze the promise of educational technology.

7. Evaluation Procedures. Evaluztion records will be developed by the project coordinator in the following
categories:

{a) Milestones of agreements for coliaborative development of alternative education systems. (Cross registra-
tion agreements, agreements for course development, cooperative proposals, agreements to share
facilities, etc.);

Proposals submitted to other agencies. Proposals approved;

{c) Milestones of course development;

{d) Review of the quality of course elements by experts. Results of formative evaluation of course elements
tried out with students;
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{e}) Evidence of impuct upon campus communities: use of new techiuques, increased interest and activity
n course development and new approaches to teaching, realiocation of resources into course develop-
ment amdd teaching, change in attstude. Swidence will include articles, student newspaper notice,
letturs of incjun y, sttendance ot mcentigs, apgplications for participation, ete.;

{f} Documents deveioped and approved by the policy council. These will include, in particular, the
planming documents and the model for copperative action.

Budget

Personnsl

Project Coordinator . ... ...t it e e e e, e.... $20,000
{Salary for one year)

Faculty and <toff, released 1Mo 10 preparc course Materials . .. ... . ... it inerennnnns 50,000
{5 x $10,000 for *» year released time for five individuals)

Supplies and technical services 101 the production of ONe COUISE . . ... e e e e e ea e 10,000
production

Ot . e e e e e e $80,000

Explanation of Budget
4

Project Coordinator. By having funds for the project coordinator, the policy council of the participating
institutions will be able to select an individual whose primary atlegiance is to the project and not to any single
institution. Thus, in turn, will dominate or preferentially benefit from the collaboration. The individual will know
that his career will depend upon the growth of cooperation among the institutions.

Course Team Support. These funds will allow us to attract one outstanding individual from each ot the
participating institutions. The course team approach has worked extremely well in the British Open University de-
velopment, and these funds will alow us 1o explore a model for this kind in the cooperative mode.

Supplies and Technical Services. This relatively small amount for supplies and technical services will give the
project some flexibility in the purchase of items which are not avavlable from one of the participating institutions.
if we need some animation, special art work, the time of outside reviewers, more film or video-tape than we can
obtain from thz stores of the institutions, these funds witl allow us to act quickly in the interests of the project.
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READING, WRITING, ARITHMETIC AND COMPUTING

Arthur Luehrman
Professor of Physics
Dartmouth College

The Proper Role of the Computer in Education

In the vast majority of universities the computer is virtually isolated from the principal clientele, the students,
The computer may serve the needs of admunistrative data processing, such as handling studernt records or the
biweekly payroll, it may he g luboratory mstrument for the computer science department. In the most prestigious
universities the computer serves exclusively the research needs of a small group of “big users” with grant money.

Educational computing 15 given short shrift, and when it /s served it is often done so in a misdirected
fashion, based on the following false premise:

Educational computing requires only a fairly simple computer capable of running computer assisted
instruction {CAI) dnits and other teaching programs.

To many people in decision making positions, educational use of the computer is equivalent to CAl — nothing
more and nothing less. University admuistrators 1ook to CAl as a way of reducing the cost or increasing the
efficiency of the teaching staff. Teachers look to CAl to relieve them of tedius jobs, such as teaching remedial
English or French verbs. Even students often show a preference for CAl over conventional instruction, and some
studies show that they learn better from CAlL

Neverthelass, the premuse s faulty for two reasons, First, documented examples of effective CAl are few.
Institutions have based a decision to instail a computer to deliver CAl on the belief that there now exist thousands
of hours” worth of gnod CAI programs waiting to be run on their system. Actually very little exists and much of
it is so system dependent that «f 15 not eastly exportable,

Even if it were true, however, that dozens of high-quality, well tested CAl courses now existed, there remains
a second reasor. why the CAl premise 1s a faulty one. It presumes that the only educational role appropriate to the
computer is that of the teacher, the deliverer of instruction. It is because of this presumption that one so often
hears the educational use of computers described as being competitive with conventional teaching. Such discussions
usually fall into an uncertain quagmire where guestions of cost-effectiveness and labor-intensiveness are debated
endlessly.

To become bogged down n such an argument is to miss the whole point of educational computing. Instead
of focussing on possible ways in which the computer might affect the content and subject matter of education,
one is limited to considering only the economics and technology of delivering instruction of an otherwise perfectly
conventional content. 1 do not say that the economics and technology of delivery systems is unimportant to
education; rather that there 1s more to computing than delivering instruction,

It is the principal thesis of this paper that computing has new and unigue implications for teaching and
learming. CAl only begms' 1o reveal the smallest part of those implications and should not deviate our attention
from grander potentialities. Worse yet, a computer system optimized to deliver CAl drills may be very poor at
handling the more impartant educational functions to be deseribed later. The ironic result may be that the
computer system acquired for educationgt use is inadequate for educational use,
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Upon what premise, then, should university computing be founded? If the campus computer is not o be
merely an administrative data processor, if it is not to be just an adjunct to research, if it is not to be mainly a
laboratory for computer science, and if it is not to be simply an automated drill instructor, then just what is it to
be? The answer to these guestions derives, e my opinion, from the foltowing premise:

Computing 1s a new and fundamental intellectual resource in the same sense that reading and
writing are fundamental intellectual resources. Universities need computers for the same
reasons that they need libraries,

This may seem a mildly bizarre claim. After all, a computer is an artifice, a mere machine, a piece of technical
apparatus. Isn't it pretentious to identify a box full of wires and transistors with the world of intellect? | think not.
All of the objects of intellect are ariificial. What could be more arbitrary or artificial than an alphabet or a system
of numbering? What word has intrinsic reaning? Yet out of these artificial elements people have built all of the
linguistic and mathematical edifices that we know.

Computing likewise begins with artificial, intrinsically meaningless elements, of which the machine itself is
the least important: variable, constant, instruction, branch, conditional branch, input, output. At a slightly higher
level, there are more artifices: algorithm or procedure, iteration, subroutine, recursion. Just as alphabets, words,
sentences and paragraphs are the means by which we give linguistic expression to certain of our ideas, ity the same
way the elements of computing give us a new form for the expression of old and new ideas. Like language and
mathematics, computing is a way of thinking?.

Examples of non-CAl Computer Use

A few examples may clarify the philosophy of computing prevalent at Dartmouth and a growing number of
other schools.

Historically computers found their first applications in the physical sciences, so it is not surprising to find the
first interesting educational applications there as well. Eight years ago this fall a group of physicists convened at
trvine, California, to discuss ways in which computers might affect physics teaching?. Several of us came away con-
vinced that in a few years the entire pedagogy of freshman mechanics would be transformed.

In the past a clear understanding of Newton's Laws of motion had required a firm grasp on the fundamental
ideas of the calculus. This is true because Newton's Second Law is usually represented as a differential equation.
Now, the plain fact is that few freshmen have enough experience with calculus 1o be able 10 tolerate a presentation
of motion in terms of differential equations. As a result all textbooks and most teachers have settied for using the
symbnls and nomenclature of the calculus; but very rarely have they actually asked students to solve for motion
by wsing the calculus. {Check the problems in any textbook, for example.) :

But the fact of the matter is that Newton’s Second Law has an alternate representation that avoids the
whole calculus problem. It can be thought of as an algorithm or procedure for determining the position and
velocity of a body a “'small”’ time later, given the current position, velocity and the force aﬁ:ring on it3. The eteps
ot the algorithm are simple algebraic statements that a tenth-grader can understand. Of course, an algorithmic
approach only makes practical sense if one has a computer handy to carry out all the tedious calculations.

The payoff of this fundamental change in pedagogy is enormous. For the first time it is practical to teach the
essential idea of mechanics instead of cheap imitations—all those awful inclined planes and pulteys. The subject
matter, motion, can be taught generally, without having to worry whether a particular force law will lead to a

YA, W. Lushrmann, Should the Computer Taach the Student, or Vice Verss?'’ Proc. AFIPS SJCC 1972 vol. 40 pp. 407 8410,

2The Caomputear in Physics. Report of the Canfarence on the Uses of the Computer in Undergraduate Physics instruction,
University of Caliturnia, trving, 1965, (Commussion on Cotlage Physics, 1966).

3a. ™, Bork, A, W. Luehrmann, J. R. Robson, Introductory Computer-Based Mecharmics”, (Am, Inst. of Physics, Informa-
wor Pool, SUNY Stony Brook, 1968,
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mathematically soluble problem. The algorithm applies 1o any force faw, and it even generalizes easily 1o handte
two and three dimensiona! situations. Our freshmen especially tike to program the computer to display artifinal
satellite orbits and to find the right tsunching conditions to send a vehucle to the moon and back -something
unheard of under the old podagony

Students in the socal sciences at Dartmouth vie with those in the sciences for largest comguter use. in
socivlogy a studong, using the IMPRESS system?, learns to do quantitative research on actual data, not different in
kind from thot carried out by professionals. Situng at a terminat the student can reach any of sixty different data
bases and can direct a sequence of mnquires aimed at finding out, for example, who in the spring of 1973 believed
in capital punishment. He can fook st overall resuits and he can begin to cross tabulate belief ip capital punishment
with age, sex, income, race, religion, ¢t Inside a few minutes such a student.researcher will have formulated
several hypotheses and checked them out against the data.

As in the physics example, we see here 3 student doing sociology and not merely hearing about 1t or being
drifled on ot vig 3 CAT lesson. The situdtion in music i simalar,

A joint project between the music department and the engineering school has been the development of 3
musical terminad -a computer <nven electromc music synthesizer, now in use with over a hundred students®.
Sitting at the terminal a student can specify a composition by typing a sequence of commands and parameters that
tell pitch, loudness, duration, attack, timbre, etc. He can edit the composition using the standard DTSS editors.
When ready he runs 4 program that converts his compaosition to information transmitted to the minicompute: -
driven synthesizer. The sound is hearid in a few seconds via a standard stereo system,

Several surprising things have happened. First the course in composition is now attracting students with
little or no ability as performers, since the computer is now the performer. Secaond, a few students are exploring the
idea of music as a list of data that can be transformed by means of algorithms that transpose pitch, invert pitches,
change the sequence, etc. In short, they are doing music with the same excitement as, and better tools than many
professionals have.

The list of examples could be extended eastly—river basin ecosystem simulations, economic simulation
gamesS, computer experiments in genetics’, computer graphics as a medium for artists—but space and time do not
permit. What all these examples have in commeon is a use of the computer in which the student masiers a computer-
based system in order to do problems and projects in various fields. He is nct merely the slave of an automated
lesson, however personalized and with however much feedback. If my convictions on this noint are not clear, §
will conclude this section with 4 Chinese proverb:

| hear, and 1 forget;
| see, and | remember;
{ do, and | understand.

The “Library Model” Taken Seriously
The claim that a basic facility in computer use is every bit as necessary as reading and writing or arithmetic,

has far-reaching consequences, For if basic Hiteracy 15 not the exclusive property of university admunistrators, nor of
researchers in the humanities division, not of the department of inguistics, nor of the teaching facuity, then for

SThe IMPRESS Primar. 3rd ed {Project IMPRESS, Dartmouth Colisge, Hanover, NM_ 1973).
Suser manuals are avarlahie from 1 . Appleton, Music Dept,. Dartmouth Foilcp_ Hamover NM.

6G. 8. Puiot, 4. W. Sommer, “TACRES A Land Development and Environmantal Game®’, lin P. Paftarson, Ed., Recent
Devetopmants in Urbian Gaming, Simulations Councit Proceedings, Vol. 2, 1973},

2T R foas o e ter Menteis i an introduc tory Course 1n Biology ™™ Proc. Cont. an Computers in the Unagergraduate
Curricula, 1973, (Computer Cunter, University of 10wd, 10.va City, towa, 1973,
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the same reasons university computing must also not become the exclusi. 2 captive of any of the analogous groups.
Literate, competent and even creative use of computing ought to spread through most parts of the university.

The bestinstitutiondl model for a computer center dedicated to this goal is the university library, which has
dlways served the literary needs of the entire acdédemic community.

The umiversity library is an interesting object. Its director, the librarian, usually reports to the provost {or
academic Vice President, or equivatent}, who represents the broad academniic interests of the institution. The
librarian seeks advice andd counsel not only of the linguistically based departments, nor of the directors of
research programs, but of members of the entire academic community. Typically there is a committee on libraries -
with faculty and sometimes student membership. The committee makes recommendations to the librarian and to
s boss, the provost; and it reports back 1o the facuity. In effect it acts as an academic watchdog on the
accountability of the library.

Access to the library is granted to all members of the university, as a rule. Some basic level of service is
offered equally to everyone, independent of rank or prestige or source of funds. Mcre precious services, such as the
rare-book collection, are limited by an assessment of the need of an individual to use ti. n, not by his ability to
pay. Library hours are determined by the demand of the clientele and not the convenience of the staff. Library
use is NNt batch-processed,

Funding is the critical factor. A university library is a cost center, not a profit-and-loss center. It is not
expected to generate significant revenue. The fact that it is one. of the largest cost centers is justified on the value
of the service it supphies to its varied users. Imagine what your university library would be like if its fiscal
operation were modeled after the average computer center. Use of the library would be a pay-as-you-go basis. At
my university the cost of the library, if distributed over the aver je number of books circulated, amounts to sbout
ten dollars per book borrowed. How much use of your library would you make if you had to pay ten doflars for
every book you withdrew? Clearly, only those with substantial research grants could afford such use. And with a
greatly shrunken user community, the cost per circulation might go up five or tenfold. Massive educational use of
such an expensive service would be utterly unihinkable. In the end the type of library service available would be
dictated by the interests of a handful of big research users and the department of library science. It would rot be
the isbrary that you know. :

Though one has only to go back a few centuries to find it in practice, such a model for administration of a
umiversity hbrary is heretical today. Paradoxically, the application of today’s library model to the administration
of the computer center is viewed by most people as equally heretical. Yet in my opinion the logic that leads
unmverseties to support costly libraries available to ull must also lead them to support costly computer centers
available to all.

Dartmouth College is an exceptional university in this respect. Ten years ago Dartmouth decided that
computing should be as accessible to students and faculty as a book on its open-shelf library. Ease of access meant
the adoption of two radical ideas. First, a user’s decision 10 use the computer had to be divorced from questions of
payment or formal justification. Second, the operating software had to be designed to serve a community of four
thousand potential users. )

The result today is the Dartmouth Time-Sharing System {DTSS)810, {n {964 the first practical time-sharing
system freely accessibie to an academic community was created at Dartmouth. Two mathematics professors led a
small squadron of undergraduates in designing the time-sharing operating system and defining a new easy-to-learn

88 F. Hargraves, A, Stephenson, "'Design Con.irlerations for an Educational Timse-Shoring System ™. Proc. AFIPS SICC
1969 VoI, 34 pp. 657 664,

D G Kemeny, T. B, Kurtz, "Dartmouth Time-Shanng™. Science 162, 11 (1968).

10g,0nniai Report (Kiewit Computation Center, Dartmouth College, Hanover, NH, 1973).
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programming language - BASIC. The system could support the then unheard of maximum of 24 simuitaneous
“users, That system, which was designed around the Generat Electric 200 computer series, became the prototype
for GE's Mark | time-sharing service, the first commercially successful time-sharing service.

Today DTSS operates on a much larger and faster Honeywelt 635 computer. On this machine DTSS now
supports, measurably on any afternoon, over 140 simuitaneous users. Between one and two thousand different
people use the Dartmouth computer in a day — about four thousand in a8 month. Between fifteon and twenty-five
thousand jobs are executed each day. About thirty institutions other than Dartmouth use our computer via a
multiptex network that extends to New York, Boston, Chicago, Montreal and Toronto. There are about three
hundred computer terminals on our campus and perhaps another hundred at remate tocations, DTSS comes on at
7:00 a.m. each weekday and remains on for twesty hours, until 3:00 a.m. the next day — a total of 8 hundred
twenty hours each week. Setvice interruptions are rare — perhaps one a week — 8.1d recovery is rapid — usually
under ten minutcs. ' -

So much for system statistics. The upshot is that DTSS is a farge, heavily used computer systemn. Administra-
tively, the computer center follows the library model quite closely, Both the librarian and the computer center
director report 1o the Vice President for Student Affairs, a fact which emphasizes our concern for the educational
program. {The computer center director, Thomas E. Kurtz, was one of those two mathematics professors who
originated the system. The other, John G. Kemeny, has left computing, though he stitl has a computer terminal in
his office as President of Dartmouth College.) Like the Council on Libraries, there is also 8 Council on Computing
largely composed of faculty members. Like the library’s public reading room, the computer center operates a
public terminal room open to anyone, with or without a Dartmouth connection. In addition it “‘circulztes”
computer use around the campus via the regular telephone network.

Money, Budgets and Al That

“What about funding?’’ you are sure to ask. ““How is it possible 1o just give away such a costly service?” In
fact we do not just give away free computing. A substantial minority of the use of our system comes from
federally supported projects, and there is a law against charging the U.S. government for something that is free
to another customer. Therefore, we carry out a detailed billing on every user of the system, and we have an
auditable rate structure based on costs and aggregate usage. The individual student never sees a bill, however, and
so to him the service appears free. The faculty member without support funds for computing likewise charges his
use 10 a general unsupported teaching or unsupported research account. The bills for these unsupported accounts
are paid in the end by transferring gyeneral funds of the College into them.

The principal point to emphasize here is that computer use is not allocated by agresing in advance on a
computing budget item for each academic department or other unit. We believe that such a strategy, while it may
appeal to a cost accountant, is ssimply wrong for educational computing. It assumes that the user of the resource
and the allocator of the resource have a good idea of the probabie value of each quantum of use. This is true when
allocating food in the cafeteria and so food should be charged and paid for by the meal. But is is not true of book-
borrowing or computing. Worthless humdrum hours often precede priceless seconds of insight, Value is hard to
put in economic terms.

On the other hand, any computer center has a finite resource, and an allocation problem must exist. In fact,
" while Dartmouth gives free access to the computer to anyone, we nevertheless ration use by other means, some of
which are only possible with a large time-sharing system??. For example, we set a maximum run-time limit per job
for each user. For students it is 32 CPU seconds per job. For faculty it is 64 seconds, We set a limit on number of
characters of saved files on the disks. For students it is 8000 characters. For faculty it is 80,000. (Total disk
storage is 400,000,000 characters.) Access to system peripherals, such as the line printer and card reader and
punch is also rationed. We do not place limits on total CPU use per session or per month, nor do we fimit the
number of sessions at a terminal.

' Tf.l, s; Mééeschm, A Flaxitle User Valdston Languega for Time-Sharing Systems’’. Proc. AFIPS SJCC 19869 Vol, 34
pp. 6656-671,

33



The vast majonity of our users rarely encounter their limits. Those that do frequently find ways to make
theu prograns more efficient. In the end if all else fails a user can appeal to have any of his imtial limits
wicreased. As a general rale his request is granted, but if he needs still more, some supporting evidence is required.
New limits are usually viewed as temporary adjustments.

With our fesources and in our user commuity this system works. To the beginning user the computer seems
to be 3 free resource. The sense of freedom enables the user to approach computing on his own terms and with his
own sense of values. It permits game-playing and trivia. At the same time it protects the serious user against
usnestrained use and abuse by the more frivolous user, In a large-scale time-sharing system, after all, one user’s
frivolity cair consume at most a few percent of the resource. By contrast, one ’big user’’ with a fat government
grant can not only consume a larger fraction of a batch system; he can also dominate the computer center and
distort its priorities,

Sull, 1 have said nothing of the net cost of computing at Dartmouth. Isn't it vesy expensive to provide this
type of service? Our view is that it costs about as much as it should. We generally agree that it is as important to
us to have o good computer center as it is 10 have a good library; Dartmouth budgets roughly the same amount for
each. The total computer center budget is about $1.5 million. This includes rental or depreciation of hardware, all
staff sataries, heating and maintaining the building, and all other items attributable to computing. Certain income
chould be removed from that figure immediately, since a great deal of our use is sold to non-Dartmouth users.
Currently atrout $300,000 comes from this source. The cost for Dartmouth use is therefore about $1.2 million.
With 4000 students, that comes to an average of about $300 per student or about 9% of our annual tuition fee.

This § jure is computed in the most conservative way possible and is the upper limit on our cost of computing.
Note that it takes the cost of a/f computing at Dartmouth and loads it on the student. The fact is that student use
amounts to only 30% of total Dartmouth use. Therefore student use costs only about $100 per enrolled student per
year, which in 1964 dollars is exactly what the Pierce Report12 recommended ten years ago for educational
computing in the United States.

To conclude this section, we believe that Dartmouth’s experience proves that computing can safely be made
frecly available to all members of a university at a current cost that compares favorably with that of the library.
Since computing is one of the few areas in education where costs are going down, the situation in the future should
actuaily improve.

Project COMPUTE: a Tactic for Educational Change

Even though the mere act of installing a large free-access time-sharing system has by itself caused profound
changes in education at Dartmouth, the rate of change has been slow and the impact on other universities,

shght.

Now | want to describe a modest project that might serve as an element in a national strategy for bringing
about the sort of change | have been taiking about. Project COMPUTE '3 is an effort to develop and distribute
course materials dealing with computer use. The project is located at Dartmouth College and has three-year funding
from the National Science Foundation.

Publication and wide dissemination of approximately twenty textbooks or monograp'ss i< the immediate goal
of COMPUTE. The writing, testing, technical documentation of, or dissemination of computer grograms is of
comparatively little interest to COMPUTE. Cqually uninteresting to COMPUTE is the problem of developing new
strategies for using the computer in education.

12Computers in Higher Education, President’s Scrence Ardvisory Committes, The White t4ouse, Washington, DC, 1967.

Y3NSF Project (J-28456. Information about the project or for prospective duthars 18 avalabie trom Project COMPUTE
Dart.nouth College, Henovar, NH.,
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instead, the project assumes that goud computer uses already exist and that technical transportability—ie.
moving programs to a new computer and supplying operational documentation—is not a serious probtem. At teast,
we think it s not the principal obstacle to the spread of computer use.

What /s the principal obstacle s the shortage of good materials for use in courses where computer use makes
sense. At the university level educational change is almost always accomplished by the appeararice of a new,
commercially available textbook. Change happens when faculty © .cinbers decide to adopt the new book instead of
the old one. There is no reason to believe that widespread computer use will haopen i any other way. During the
last five years hundreds of teachers have developed thousands of interesting applications of computing to their
courses. Over two hundred papers on the topic have been presented at four annual national meetings sponsored by
NSF 14, Vot for the most part, enthusiasm has been confined to the originators and has not been transmitted to
colleagues. Interest has been generated, but not sufficient enthusiasm to yield widespread imitation.

The reasons are simple. The amount of faculty time and effort that goes into development of computer uses
is enormous. It is unressonable to expect that kind of investment every time a course is given. On the other hand,
if teachers were able to get from their local textbook purveyor a few readable, pedagogically practicat examples
of course materials in their own disciplines, | believe that we would see an enormous growth in educational cmputer
use. That is the working premise of Project COMPUTE.

Now a word about vur operational strategy. On the basis of formal proposals submitted to us and referred by
others, we select six or eight people for summer writing projects. These authors leave their home institutions,
friends, secretaries, telephiones, and in-haskets and come to the woods of New Hampshire for one or two months.
The mission of each is to write as much of a monograph or text book as possible there and to agree to see it
through to completion when they go home. '

For its part the project gives up to two months summer salary to each author, and the staff attempts to
create a stimulating climate for thinking and writing. Weekly 5 21 .5 allow each author to fearn what the others
are doing and to discuss problems together. Access to the Dartmouth computer is freely available to all, and we
supply a student programming assistant for any author who needs one.

Much of the contact is informal and centers around the computer center coffee pot, corridor conversations,
and weekend outings.

Beycnd direct salary support, our principal service is editorial. As each author finishes a draft of a chapter,
the project editor types it into a computer file. From thence forward all changes are made by modifying that
original file, using built-in editorial features available on the computer system. Another computer-based system
types out a maatly formatted, paginated copy of the current state of the manuscript whenever requested to do so.
The result is that even in our nine-week period of intense work, an author can see drafts of his wnrk in progress,
and can improve the quality of his product.

At the end of summer, or more typically, six months later, the project has a completed manuscript from
each person. Several options now exist. From the computer file it is easy to produce multifith masters for
immediate use on a small scale by the author or others. One level higher, it is easy in the same way to generate
automatically camera-ready copy with the quality equivalent to carbon-ribbon typing. This makes possible an
inexpensivc format for large-scale printing. Finally, it is possible to go to automatic or manual typesetting and
produce the standard sort of published book.

The role of the project at this stage is to act as author’s agent in dealing with commercial publishers and
university presses. A unigue and experimental feature of Project COMPUTE has to do with royalty payments.
We are empowererd 1o negotiate the best terms with cach publisher and then to negotiate separately with each

14p,gcoeidings of the conferences, held at Univ. ot lowa. Dartmouth, Atlanta, and the Ciaremont Colieges. 1970 1073, are
i availabie from the Computer Center, University of lowa, lows City, towa.
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author an appropriate division of the royalty between the author and the project. We believe strongly, and our
authors agree, that royalty incentives are very important in any curricslum developinent project, since the regular
academic rewords are so meager,

Now | want to say a few words about why | believe that Project COMPUTE is a model for one element of a
larger strategy for bringing about educational change.

1. Change is produced by active te - hers with ideas that come directly out of their experienice. The necessity
to teach some subject is the mot.. 2r of their curricular invention, not the necessity to write scholarly
papers on educational change.

2. Each author is tightly allied to his particular academic discirtine. Each is a member of an ordinary
academic department. As a result each is an insider and can carry out a program of change in a way
that outsiders cannot. Each will go back to his department and teach courses there. He may influence
others at his own university; but, more likely, he will influence others in his own discipline at dozens or
even hundreds of other universities. Communication within disciplines is far more profound than com-
munication within universities.

3. The creative staff is a temporary staff. There are no permanent innovation experts, only discipline
experts who temporarily leave their conventional roles to address a problem of pedagogy. Before they
fall prey to thinking of themselves as innovation experts we send them home for more contact with the
sources of their inspiration.

4. Rewards for work in curriculum are not confused with rewards for traditional scadesmic good behavior,
Authors are paid to write, and if they write well further royalty benefits accrue. There is no pretense of
enhancing professional prestige or tenurability. Simple rules are the basis of good behavior. We want
our authors to behave like authors, not prima donnas.

National Model for Educational Change

A natural question is this: is it possible to extend the key features of Project COMPUTE into a full-scale
national model for educational change and development? | believe that the answer is yes.

The Carnegie Commission on Migher Education in a recent report15 calls for the establishment of several
regional centers focussing on uses of technology in higher education. The structure proposed there is the starting
point for the full-scale model! that | would like to promote. Briefly, each center is to be funded at a level of a
small university, such as Dartmouth, for example. It is to have a permanent staff of educators, writers and
specialists in video, film, audio, graphical design, and computing. The long-range goal of each center is to develop
and distribute applications of technology that increase the quality or reduce the cost of education. Each center
would provide educational computer service to its entire region. The centers would be situated in major
metropolitan areas so that they would have access to real, live students in the way that the Open University does
in Great Britain.

As far as it goes this is 4 good plan, but it does not go far enough. In particular, the relationship between
these essentially research and development centers and the production oniented conventional universities is not
clear. At some points in the Carnegie report the centars appear as service organizations for the universities, At
others, they seem to be competitors, having their own staff and their own student clientele.

Itis here where | believe that our Project COMPUTE experience can be of heip. Suppose that each center had,
in addition to the regional tie suggested by the Carnegie Commission, a very strong discip/ine tie as well. That is,
each center would be targeted to produce applications in a specialized group of closely related academic fields.

15T he Fourth Raevolution (nstructional Technology in Higher Education. (McGraw Hill, New York, 1972).
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Persons representing those disciplines, possibly via the professional societies, or perhaps through editorial hoards
of t:.e respective journals, would serve as an advisory panel or even a policy review board for the corrsponding
center. Such a group might advise the center on needs, priorities, and marketability for new educational
developments in their disciplines. 11 nught also serve as an insider group for the promotion within the disciplines of
new developments coming out of the centurs.

The actual development process in the centers would be a partnership involving people with technotogy and
media specialization, education theorists, evaluators, economists, and, finally, discipline experts with teaching
experience. The latter should usually be the senior partner, in my opinion; the others should serve as resaurce
people. For the reasons stated in describing Project COMPUTE, it is better that the discipline specialists be cast as
“Visiting Fellows'’ rather than “Tenured Faculty”. In the first place, a permanent staff of innovators is hard to
imagine. Second, the discipline tie of the permanent innovator would become thin if not replenished by renewed
contact with peers in the discinline. Third, the number of people in direct contact with the center and its work
would be vastly larger if the number of Visiting Fellows was large. Fourth, the return of visitors to their home
universities would serve to spread the word and market the products of the center. Fifth, the mere possibility of
becoming a Fetlow at the center would cause many more people to become conscious of and interested in the
activities of the center.

Since, in the conventional university at least, the effective consumer of educational change is not the student
but the teacher who selects course format and materials, it is crucial that any large educational development centers
have powerful ties bvith the teaching faculties. That means, in our vertically partitioned universities, powerful ties
with academic disciplines.

it might be argued that educational change cannot happen within universities any way, so why worry about
good relations with them? Why not set up centers that will compete with them in doing the job that they now do?

| would hope to see 2 healthy element of competition between the centers and the regular universities.
The presence of “Open University'’ students is a good idea and would foster that competition. But there are two
reasons not to cut off the ordinary universities from the start. iFirst there is no need to. The model | have
proposed poses little threat and even offers opportunity to the academic disciplines. Second, | seriously doubt
whether a frankly competitive organization could attract a staff of .ufficient competence to win in a struggle with
the conventional universities. 1t would be attacked by academic specialists as an illegitimate upstart, and that would
deter most of the best people from taking a job at the center.

In summary, then, | propose several large regional curriculum development centers, each with very strong
discipline ties. These ties would be achieved by being held accountable to representatives of the disciplines in
exchange for fegitimacy in their eyes. Apart from the question of ties to academic disciplines, the remainder of
the mode} is essentially that proposed by the Carnegie Commission for developing uses of instructional tecinology.
Since that proposal is probably well known, | shan't elaborate it here.

Mseanwhile, Back at the Closed University

Untess someone in the audience knows something | don’t know, it would be poor judgem:nt to do nothing
until massive support becomes available for such national centers. One works with what is at hard, and it appears
that traditional, closed-wall universitics are apt to be at hand for a while. Yet ail is not gloomy there.

Dartmouth Coliege nas made a recent commitment of resources and personne! toward educational change
within a conventional university environment. Operating on the premise that the best source of idess about educa-
tion is the regular teaching facuity and the best testhed is found in courses offered in the regular departments,
Dartmouth has defined a new office charged with promoting faculty experiments in teaching. Particular emphasis is
1o be placed on experiments that will tead to qualitative or quantitative increases in productivity through use
of technology.
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In view of the well-known professional and political problems faced by education-minded faculty members
in reguiar departments, one of the principal functions of the new office is to serve the interests of such people.
This will be accomplished in several ways. The first arid most important way is organizational. The director of the
new office—names and titles are not yet scttied, but for present purposes let me call him Dean of Instruction—
reports directly to the Dean of Faculty. He thus has the ear of the university officer most directly concerned with
the quality of the faculty and with departmental practices and standards for hiring, promotion, and tenure
recommendations. Hence an organizational mechanism exists for influencing those practices when they are in
confiict with the purposes of the office of Instruction. Obviously, this mechanism must be exercised with con-
siderable skill and political wisdom if it is to be effective, But the point is that it now exists. There is 3 way for a
faculty member to hold the university to account for its claim that innovative teaching is rewarded.

But accountability applies in both directions. Teachers who expect the support of the Dean of Instruction
must be held to account for the quality and effectiveness of their work. For this reason the Office of Instruction is
charged with responsibility for evaluating new educational projects. A mere willingniess to experiment is no
guarantee of quality or effectiveness; and, if only to protect his credibility, it is essential that the Dean of
Instruction distinguish between good work and bad work before making a recommendation to the Dean of Faculty
regarding particular faculty members, In this way faculty who work with the Office of Instruction will be under
the same kind of tension experienced in a regular department, where they expect support if they do well and not
otherwise.

Evaluation, then, is the second way in which the new office will promote effective experiments in education.
The third contribution is technical and informational, Physical resources, including standard audio-visual equip-
ment, are being expanded and the staff increased. The campus will be linked with TV cable and more origination
and playback equipment will be added. Inexperienced faculty members will find technical assistance.

The fourth activity of the Office of Instruction is to coordinate its educational goals with the purposes of
the computer center. Not surprisingly the majority of educational technology projects at Dartmouth have been and
are likely to continue to be based on some aspect of computer use. Hence it is essential that, for example, a
proposed project be examined for additional demand it will place on computer resources. Fortunately, the primary
mission of the Dartmouth computer center is to serve educational needs; and there is no conflict of purpose with
the Office of Instruction. {One wonders how many other universities can make that claim.)

The final role to be played by the new office is that of Fund raiser. It is currently assisting faculty members in
four different departments in gaining foundation support for specific projects dealing with educational technology.
Its success in this regard can be expected to give the Office of Instruction considerable political leverage when the
time comes to speak out for faculty members who have carried out projects under its auspicies.

While it is premature to report results for the Office of Instruction, | believe that the basic organizational
structure is sound, It is the best way that we can think of to promotc experimentation in education within a
traditional university, using regular students and faculty with expertise in regular academic disciplines. If
successful it will not be as an isolated institute for educational research, but as a practical model for fostering
and rnanaging educational change across an entire university.
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THE AUDIO-TUTORIAL SYSTEM OF INSTRUCTION

Robert N. Hurst
Professor of Biology
Purdue University

: ]

Let me begin with a rather pointed statement which gppear:d in another papef | prepared on the Audio-
Tutorial System of instruction, *Neither its strongest supporier nor its severest critic could deny the impact of the
Audio-Tutorial System of instruction on education,” {Hurst, 1973). Since its birth in 1961, A-T has indeed
exerted an influence on educdtional thought and practices; it has indeed garnered its share of devotees and critics.
Most assuredly, it has contributed enormously 1o the interest in and unrest resulting from the “fourth revolution”
described by Eric Ashby {(1967) and canonized by the Carnegie Commission of Higher Education {1972).

We are in the midst of revolution in education and it is an exhilarating and exciting time to be involved with
technoiogy, teaching, fearning, people and students - who are after all, *'a lot like people”™ {Postisthwait, 1972).
Those beautiful, bright, demanding souls, eager, yet hesitant to learn, tired of tradition, daring instructors to
teach them. It /s a time for innovation, for change. In fact, in many educational settings, innovation and change
are being legislated by well-meaning but igrir int trustees, boards and administrators who do not understand that
change cannot be legislated but must grow as did Audio-Tutorial from an instructor’s concern for his students and
how they learn. To place the unconcerned or the doubter into an “innovative” setting and tell him “now be
innovative” is to assure failure. Sn many must be permitted, in spite of the knowledge explosion, to disregard the
biblical admonition and continue to put new wine into old skins. The old skins being, of course, the lecture-lab or
lecture-lab- recitation format, the “spray and pray” system where the professor as the font of knowiedge spews
forth while each and every cager learner dutifully copies, swallows, digests and then upon command, regurgitates.

But for the rest of us, there are other possibilities that make new promises. This is where the Audio-Tutorial
System of instruction makes its debut as only one of a whole host of possibilities. As does every other innovative
educational practice, Audio- Tutorial has only one goal or purpose “To Help Students Learn.” We all realize of
course, that as facilitators of learning, or teachers, or educators or whatever title we take upon ourselves, helping
students learn is the whole purpose for our existence. If we do not help students learn, we ought not to be in the
busi:ess of education. Therefore, allow me to preface my remarks about the Audio-Tutorial System with some
concerns we should all have about technology-oriented instructional systems be they A-T, CAl, video or some
combination of these. '

Technology must not be used for the sake or novelty of the technology itself. It must extend, not further
restrict our educationat flexibility. it must enhance not cramp our educational style. 1t must help students learn
not entertain, humor or occupy them. It must, on other words, have a positive effect on leaming. If it meets this
final criterion, perhaps the use of that technology is justified because as Eric Ashby has said “Any technology
which increases the rate of learning would enable {as Comenious put it centuries ago) the teacher to teach less, and
the learner to learn more” (1967, p. iii). Yet, it is essential that we examine a technology, weigh its costs and its
benefits to ascertain its value as an educational tool now and its potential value ten or twenty years from now.
Technology must be kept in its proper perspective and as indicated by the Carnegie Commission, “it should not be
adopted merely because it exists, or because an institution fears that it will be left behind the parade of progress
without it” {1972, p.11).
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The Carnegie Commission i its Fourth Revolution report {1972, p. 11) lists two tests which ought to be
applied to determine whether technology shoutd be used in an instructional program. Let me command them to
vou. First, the learning task to be performed should be essential to the course of instruction and second, the task
should be performed better with the use of technoloygy. Perhaps the task couid not be performed at all without
technology. If so, then only test one need be applied and the instructor has his answer.

Technology /s having its effect on the educational process and the field of technology promises bigger and
better things vet to come. Communication satellites, video cassettes, miniature computers and cable television are
just a few of the new tools promised and in some instances already delivered.
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This special 1ssue of electronics magazine is illustrative of the directions some tools are taking. A special
report of tomorrow's communications.

No one would deny we are indeed a tuned-in, wired-up, plugged-in, hyperarticulate speed of light society.
And tomorrow’s education may well start with today’s design,

We could have no more pencils, no more books, and we could write and read electronically.

The goals: A communications system that replaces person to person contact. The tools: Satellites, fac-
similes, computers, telephones, and microwave. This sounds exciting on the surface, doesn’t it? Yet one has to
ponder whether or not this is the direction we want to move. What are the roles of or the limitations of
instructional media? Do we redlly want to replace person-to-person contact with all of those very elaborate tools?
{ don’t know; maybe we do.
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Perhaps however, the most important point of this particular report was a comment that appeared near the
end, where Albert Einstein was quoted as having said that the container would never be more valuable than its
contents. | submit that media, that technology must be scrutinized carefully and their value documented, else the
container may well become more valuable than i1ts contents. If a computer program is designed to operate as an
electronic page turner, 1I’'m not sure it is really worth the money. The container becomes more valuable than its

contents. At Purdue we program students to turn their own pages. Do we really want to replace this person-to-person
contact?




in the final analysis we are sull dealing with people, students like this typical, average run-of-the mill pre-vet
student. | for vie, am not ready to give up meeting this student on a one-to-one basis in a person-to-person contact.

But where is this tatk about the use and poussible misuse of technology leading to? After all, my mission is to
inform you of a technology-based system of instruction called Audio-Tutorial, My assighment is not to bias or
prejudice your thinking i terms of what you hear from others during this symposium and 1’m sure | have not. |
do have real concerns about how and why technology is used as | know the other presentors do. These concerns
lead me to believe that the best way to help my students learn is through the use of the Audio-Tutorial System,
just as the concerns of other innovators dictate the use of their systems to help their students learn,

Perhaps a discussion of the modes and media of the Audio-Tutoriai System should begin with a history of its
evclution, because like a viable living organism, it evotved.

The entire program grew and develoged because a single individual Dr. S. N. Postlethwait of the Department
of Biological Sciences at Purdue University, was concerned for his students and their varying abilities. Dr. Postlethwait
had for many years been involved with introductory courses for beginning freshman students and for many vears
had not been completely satisfied with the lecture-laboratory technique of presentation. it was obvious to him that
though he was an excellent lecturer, {we are all excellent lecturers of course) he was not reaching all of his students.
The course he was teaching encompassed a broad spectrum of ability levels from the very low level achievers through
the very bright pre-veterinary students. Dr. Postlethwait knew he was talking over the heads of many of those at the
low end of the spectrum and at the same time he was not stimulating those at the high end.

In order to better meet the needs of the individual student, he began to experiment by preparing a tutorial on
tape. {(Not a lecture on tape, contrary to many people’s beliefs,) He prepared a tutorial — a one to one discussion —
as if the student were seated on the other end of a log from his or at his side or on the other side of the table.

He made the taped tutonal sessions available to students in the Audio-Visual Center which was open from
7:30 in the moming until 10:30 at night. He then announced to the st.idents in his lecture sessions that if they
had difficulty in keeping up with him or it they found themselves not b 2ing stimulated by his lectures, they could
go to the Audio-Visual Center, check out a tape and listen 10 the week', matenal as it came to them in a different
format. They could individually pace themselves, by deciding just hy,w much of S. N. Postlethwait they wanted to
listen to in any given period of time, by repeating those portions that they didn’t understand the first time, by taking
notes if they cared to, by isolating themselves in a boath with head sets from al! extraneous noise and primarily by
deciding when they wanted to learn botany.

Being the sage that he is, Dr. Postiethwait soon realized that he had a very important tool at his hand. it gave
him the opportunity to involve the student with the things of his discipline, with plants. He couldn’t do thisin a
fecture of five hundred students, but it was quite possible to carry some plants over to the Audio-Visual Center and
put them in the booth with the students. He could actually tutor him now through botany by manipulation of text
materials, laboratory manual and short exercises that could be done in the booth by involving the student with the
tangible items of the discipline. it was a true multi-media approach.

A very peculiar thing happened; students stopped coming to his lectures. More and more students decided that
this kind of-format had something to offer. it was nice to be able to go to the Audio-Visual Center at 7:30 in the
morning or 8:30 in the evening, anytime they wished, check out a tape and be programmed through a series of
learning activities.

We can conceptualize the Audio-Tutorial System perhaps with the diagram now on the screen. If we know what
it is we want the student to be able to do at the end of his period .1 instruction, we should tell him what is expected
of him. The numbers 1 through 4 on the right side of the diagram, signify the performance objectives which are
spelled out precisely for the student. The letters A,B,C,D,E,F signify learning activities which will help the student
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atrive at the performance level designated by the objectives. These activities may include sume reading from the
stutly yuide, some demonstrate materials, examining a slide or live specimen, viewina 1 sequence of §ilm or doing
an experunent.
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They wavy hine weaving A,B,C,D,E and F, together signifies the audio-tape wihich is simply the vehicle
whereby one programs the student through activities A, B, C, E and F. It is not a lecture on tape; it is never a
lecture on tape, but it is a device, a programming device, to tead students, quite lonically from one activity to
another, one experience to another, to get him to the performance level specified by objectives 1 through 4. The
tape 15 not the most important aspect of the program, the objectives and the activities are. Individuals who do not
have a sound grasp of the Audio-Tutonal philosophy, fail to comprehend the meaning of those words. Any tech-
noloay which could deliver this unifying thread that ties activities together could be plugged into the system,
viden, film or a combination of these.

Why dudio-tape, why not video or fitm or print? Audio tape is a now technology, a low technology. It is
extremely reliable, inexpensive, durable and available now. It lends itself 1o the tutorial aspect of teaching, which
means a convessational presentation not a formal lecture, which also means individual pacing not group participa-
tion. This also means that the student may stop, back up, and replay any portion as often as needed for under-
standing. These attnbutes are difficult to achieve with video or film and too expensive for most schools to achieve
with the computer. When the technology of any or all of these formats permits the same flexibility at the audio
tape a1t a comparable cost, then indwviduals like myself would be willing to become advocates of video-tutorial or
computer-tutorial. What | am trying to smpress upon you is the tutorial aspect of the program and to indicate to
you the audio tape 15 ssimply the most convenient, inexpensive, reliable technology available now with which to
function.

Hopetully you are asking yourself, "Why technology, why not print?”’ Print works; we know it doss. it has
served gs the briddge arnong scholars and between scholars and students for centuries - and it does work. Just about
everyime | convince myself that 1t ought to work as well as the audio tape, | find something like this i1 the

newspaper.
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An Increase

LANDON (UPI)~—Gordon
Jofies, concerned because
rhany of the potential cus-
tomers who drive into his
sclf-service gas station
drive off again on reading
the instructions, installed a
tape recorder to explain
how to operate the pumps.
Business shot up 300 per
cent, he said.
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So we are an aural beast as well as visual.
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But it reatly isn't just to titilate the aural sense that the audio tape is used, another real function comes in
treeyng the hands and eyes to integrate experiences as this student is doing — manipulating a tangible item and
study guide while listening to her instructor talk to her in a one-to-one discussion. What would you do if you had
“magatttie student to teach? Would you sit her in a lecture room and lecture for fifty minutes three times a week, then
have her come into your lab on Tuesday at 1:30 for a three hour lab where you would attempt to integrate what
vou had told her in the lecture with some lab experiences? | think not. You would probably try td arrange some
equally convenient times with no set definite boundries and tutor her through a series of learning activities which
would include laboratory experiences as the time they would be most meaningful inThe tearning ;equence. You
praobably would not tell her about cell structure on Monday and Wednesday and have her come in the following /‘ .
Tuesday at 1:30 to examine some cells under the microscope, Well if we would not lecture 1o one student, why oy
it for 1000? If we can tutor one student, can we not tutor 10007 g\
o e k_,.\

N
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Obviously, we cannot as a single individual sit on the other,end of a log and tutor 1000 students through a
concept in biology. But we can place a tape recorder on the other end of that log with a recorded tutorial which
will tutor him through a sevies of learning activities — a one-to-one conversation with the student using all the
available media ax our disposal. What media are available to us as educational inputs?

PROJECTRD
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Really there are only four major kinds of unputs - the printed, the physical or tangible item or model, pro-
jected materiats and audio. The developer 1n the Audio-Tutorial system determines some real abjective then sur-
rounds the student with any or all of these puts and tutors him usi’pg these media to reach the objectives set. Any
qiven instructional packags may utilize one or all four of these inputs depending on the objectives, the avoilability
of the medium, the educationa! value of a given medium in a given instructional package and cost. We would not
project a tour minute Bmm fitm when three color slides might be as effective. We should not use a set of slides
when a page or two of line diagrams in the printed study guide would probably do the job as well. On the other
hand, 1f motion 1s an integral factor for illustrating a given procedure, the student should have motion avadable to

tum. In our situation, this would be Bmm film. .

A-T involves the student with an audio input,

and with printed materials
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when printed materials are appropriate. {t involves the student with projected materials
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when projected materials are appropriate,
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And it involves the student with tangibite (tems,
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when tengible 1tems are appropriate.

Slide 17

My choice of the word involve in the past few sentences was not accidenty!, for this is a major responsibility
of the developer of an Audio-Tutorig! instructional package — to involve the student with the things of the discip-
tine, Immerse lm in botany and things botanical if your intentions are to teach him botany. Have him wrapped up
in all the media appropriate to the learning task, in fact, it is my contention that any “new and exciting’ program
wr think to involve nurselves with when we attempt to innovate, ought to have built into it the potential for using
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ds many of these avarlable inputs us possibile. No system shoutd work to the exclusion of any one of these instruc-
vonal mputs if they mdeed have any potentidd value

So we surround the student witls all these media i o Leariag Center where he can be himself, take off his
shoes
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and become involved with the tearning activities,
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The student oecarmes isolated from extrancous noise, proceeds at his or her own rate and yet is able to get help
from an instructor whia iy always available
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at a time in the learning sequence most mearingful to the student. Exchanges with other students are both en-

couraged and programmed . T a
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as in the case of this student who has satisfactonly completed an instructiona!l package we call a minicourse and is
now helping a student having difficulty with the same minicourse, The student will receive points which can con
tribute to a higher yrade in the course through this teaching activity.

Slide 24

Or exchanges like these taking place informally in the coffee and waiting roam adjacent to the Learning Center,
Many exchanges here are related to biology, but we are not certain how many are related directly to the course.

Well those are the modes and media of A-T, now what are we doing with this cy>tem that capitalizes on the
flexibility and the chance to experiment with learning thad it affords us? Can we 2¢ro in on some of the things we
are doing with the system that we cannot do with o traditionst format?

In 1969 we decided it was time to try some other new exciting idvas and we introduced the concept of
learning for mastery into our Audio-Tutorial program. This particular concept opens a whole new field of pos-
sitsifities. The opportunity for one thing of making time, not performance the variable. One can set a performance
standard at the level desired, then make time the vaniable in allowing the student to reach that minimal level.
What happens in the process is that students are not branded failures, they are not toid “‘you did not or cannot
succeed.”” Back in 1963 a gentieman named Carroll pointed out that this attribute we call aptitude which is apparently
so important to so many people is really nothing more than a measure of time, “the time it takes a student to learn
a particular task.” {Carroll, 1963).

Benjamin Bloom (1968) points out in his article “Learning for Mastery’’ that one thing we can do when we
employ this particular concept, 1s document as some measurable minimal level of serformance, that our students
can at least accomplish certain physica! or mental tasks. In so many teaching situations this is not possible and
grades are meaningless. | wouln’t want to go to a surgeon for an appendectomy who had A’s in vasectomy and
tonsilectomy but who had faded appendectomy. His overall grade might be a C in surgery, but | would pefer a
learning for mastery format so | could know that at least at one time, he could do an appendectomy satisfactorily.
Obviously, this is a grossly contrived example, but when one employs the concept for learning for mastery with
precisely-stated objectives, it 1s casy to document for anybody who cares to examine the program precisely what
it is students can do. Students do ot complete an instructional unit until they reach a minimal acceptable per-
formance level.
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A fearning for thastery format reqirires i aimal instructional package so o student does not repeat complete
units of material when perhaps only ooe of two pownts are not well understood tis first time through the in.truction.
At Purdue University we use an instructoomal package we call o mimcourse, whiv 1 s a unit of instruction that tukes
the average student anywhere from ¥ hour for “ome mamcou.es and up to 3 hours for other minicourses to '
compliete, depending on the prieple or concept tsang discussed.

Minicourses are, just as thea name implie. hittle courses, Each hgs o teginning and an end and cach relates to
soother i vintudlly the same pattern as one covi-se in any college curriculum relates to another. Thus some have
prerequisites, others do not S ame carry more credit and so are more 1 ense or longer than other«. Just as some
courses nvolve labs, held trips or Jeinonsty.ans or as some are more visual than others, minicourses gy Vary one
trom anothet

Minicourse content «s perhaps mor - togical than the content to some courses {which may be artifically inclu-
stve of specific topics within 1 qiven discipline). Minicourses are de signed around a single topic or idea or principle.
These divisions are much niore natus al.

Upon completion of 4 minicourse,, the student recewes mmmaediate feedback in an orgd and written quiz on
hi. performance in that particular mistructional package and s allowed to move on to the next if he s successful.
Some stu fents do better 1f given frequuent feedback of suces-s and this system has great potential as a motivating
tuctor for that kind of student. if a student does not da well the first time, this tells him something about his study
habits .omething he does not have to wiat until the en-! of the semester to find out. It also tells him something
about his won abilities. For example, it may not he e gh for lum to go through the material only one time. It
gives hw:. g chance te et started in the right direction in a course and to work at some of these early instructional
packages untit he achieves the study procedure meed: 4 for him to succeed.

At the same titne, this kind of course will «er .0 as a windowing agent for those students not capable of com-
pleting the program. Bloom {1968) pnts out that «~heoever the pain of remain in a program becomes unbearable
to the student, he sunply will quat the program. $o the winnowing factor would probably stiit be present, but it
woulc be the student’s decision 10t ta remain i a given curniculum -- the student decides “it’s not for me,”” he's
never told “'you'te not quite up to our standards” which does nottung for the student or the school.

I'm sure tiv: wdea of making time a varigbie rankles many indeadud, involved in professional curricula who
feel there's something sacred about a tune sequence. ot ot @ “omester or about & year. But let me pose this
questiun: 1 we o designate what terminal . baviors or what terounal kinds of performance we expect from the:
graduates of any kind of instractional program, (whether 1t be a course, or a bar calaurcate degree or o professional
Hdoqree) are e not better oft 1f we can assur  hose who use ihe services uf the graduates that those individuals
can perform at some specified level rather than stating t1at they compieted this prograr © in a semester, year or a
peniod of anv designated lenath?

The courses in which | function are a botany course, Biology 108, und zoology course, Biology 109 When
we converted 1o the cond ept of learning for rastery on 1969 and looked at the content of these two courses
which were always considered sequentiai courses but taught by two different mdividuals, we discovered a very
interesting phenomenon. Apparentty nimther instructor trusted the other cumpletely and both instructors were
traching thear students several principhes common to both plants and animals Students found themselves repeating
much of the same material and thus, there was the problem of redundancy.

Wirh the concept of learming for mastery, when you can assure yourself that these students cannot move on
until they reach some level of proficiency with a qiven topic, 1t s possible to eliminate all redundancy. 1 1969,
wi gctually ehminated about one fourth of the redundant content of thew: two courses and this gave us just what
the Carneqie Commisston {187 1) promised in thew report Less Time-More Options. In reality, our program pre-
dated the Commussion’s report but our findings suppor ted their contentions. We had some time left over. We had
some optiondl tune to et the student pursue come topics m fnology which were of interest or concern to him
while workoing i the same seme ter credit hour framework.,
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e ther second coure ot the sequence, students choose about 40% of thewr curriculum from a whole host of
optiona mivcouoses, many ot which were evolved upon direct request from the s*udents. They tell us what kind
ot huologieal Tognes they want 1o study; we develop a mincourse and make it available to them. For special interest
oups, Bk the proevet students who wanted more anatomy becaise they wanted to better prepare themselves for
thew admissicn Csanminations, we had the vetucle 1o make s prossible. We have also developed minicourses upon
request from professors of courses taught subsequent to ours (N major areas. Often these professors have served
a5 consultants in the preparation or have taken an active developmental role with us.

With a smaller packaqe of wistructional materials, one also mtroduces a flexibility that s not possible in a
traditionad lecture-lab situation, Just as collrge students in the sttt remembiered past were offered more individual
wred curncuta when a vaniety of courses teplace the sigle curricubm all students were expected to follow. so too,
do munteanrses further indsvidualeze the casacuhan,, The development of the minicourse or conceptual pad kage

made 1t ossible {or us to individually prescribe mstiuction tor any student for any option within the Schonl ot
Agriculture and the School of Pharmacy which are the Schools servicerd by our two courses.
!
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We now have a bank of these muinicourses from which we are able to intdhvidually prescribe a course in biology
suited to the need of any specific individual or option.

Students with guidance can build their own course. We can offer varable semester credit hours from 0.1 of a
credit up to 10 or 12 semester credit hours, Ttus year we are offering either 1, 2, 3 or 4 semester credit hours in
either course and we individually counsel o student into a package of minicourses commensurate with needs,
interests and credit hour enrollment. One of the most surprising aspects of uur new variable credit hour offering in
just how many students in home economics or sociology or whatever, would like to have 1 or 2 credit hours of
brology.

Consider also the disadvantaged student. Specific miicourses designed to elimumate specific deficiencies make
more sense than enrollment 10 on entire coutse when the deficiency may not be nearly as broad as the course con-
tent. Instead of qiving the patient ane of cach pilt on the shelt e cure the condition, diagnosis followed by pres.
cription of fewere specific pils, pussibly even une, s the treatment required. Instructional packaqes like the fnang
course can function in this cap.city,

Wivat about the housewife or the business man ur the frmer who would bke one semester credit hour in
biology, or swho would lixe to knov “sometinng’” aboot geoetics, or mineral nothton or photosynthesis o birth
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control? The minicourse format permits that kind of student access to specific areas of interest or need without
the necessity of an enroliment in and completion of an entire course. The potential then in continuing or
extension or adult education is unlimited.

What about the management of such a wide open system of instructions; is it impossible? No, but it is
beginning to tax my graduate students and secretarial staff. Open lab houss, a cafeteria of learning which any
week could potentially offer students about 80 different minicourses, but more practically offers about a dozen,
a student body enrolled for differing credit hour values, each pursuing a package of minicourses perhaps unique
to himself, all contribute to the management problem, We have ong been ready for computer assistance and in
fact have programs written or available to manage the system for us, but alas we find no federal, state or private
agency with 2 to $300,000 to put into computer managed instruction.

The computer s destined to become the most important facior in any major innovative instructional under-
taking, if not as an integral part of the instructional process, then as the manager of student records and testing,
willing to deliver progress reports, prognoses and diagnoses. The present problem with obtaining computer assistance
is the vast federal funding for some major CAl programs and the lack of any kind of funding for the mundane com-
puter management tasks our own program now stands tn need of. The real problem will arise when further educa-
tional experimentation, which is sorely needed, will be curtailed by the lack of computer assistance in many
innovative programs such as our own.

Management problems incease with each new venture as they have this year by our movement into an
experiment with residence hall learning. For two year we have had a take-home kit for afl those minicourses whose
tangible items lend themselves to packaging. Beginning this year we are making minicourses, complete with all
demonstration table and booth tangibles, available in some of the major residence halls. The Audio-Tutorial sys-
tem need not be bounded by the institutional environment and indeed is not in our program. Qur materials are
already affecting those outside the institutional and course setting without out intentional design. Students involved
with take home packages not come to us and say “‘my husband, brother, wife, mother or whoever listened to mini-
course Op11 and wanted me to ask,” and so on. Beautiful! Think of the effect we could have if we designed this
kind of non-institutior.al encounter,
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Let us ask another guestion the organizers of thus symipossum have requested we address ourselves to.

What about costs of a technologically oriented program fike Audio-Tutorial, are they high? The answer is,
they need not he — i've afready altuded to the low-technology aspect of A-T. In fact, one can move into A-T and
stay almost entirely out of the hardware businuess. That sownds contradictory porhaps, but students can pros ‘'de
their own tape players or buy or rent them from book stores. A reliabile inexpensive playback-only device wiih
no record function can be made available to students for about $20. With a two to four student cooperative
venture this cost figure is not overly burdensome. A master recorder and duplicating system, and the needed pro-
jection equipment are the only pieces of hardware absolutely necessary for an Audio-Tutorial program and many
of these are already available on most campuses,

On the other hand, one can go “first cabin®’ and for 20 to $25,000 completely equip a facilicy with 32
booth--- enough equipment and space to tutor abmut 5 to 600 students through a 4 semester credit hour course by
remaining open 70 hours per week. In the cost category, Audio-Tutorial is just not in the game with video formats
for CAl. Perhaps to some potential innovators, the ack-lustre hardware needs are a negative factor of A-T. Hope-
fully this is not the situation.

Well | have had your attention for a considerable span of time and you have been patient. Let us end the
A-T story here, overamplified in some areas perhaps and underamplified in other where you may have some
questions, | thank you for your time, but before | answer any guestions, let me make my position clear.

[~ %
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Like my amphibian friend here, | feet fairly comfortable with my stance on innovation; | think I'm on top of
thinns, resting on a fairly firm fourdation and perhaps sitting a cut above those who, in spite of the virtue of their
advanced design like the turtle here, still have to go some to beat my position. Now you ask, “what happens when
this advanced design really moves?” | jump and if | jump high enough and this turtle doesn’t move too fast, | may
maintain my position. Thank you. 57



LOW COST EDUCATIONAL TECHNOLOGY

David C. Miller
Director, Instructional Resource Center
University of lllinois, Chicago Circle

INTRODUCTION

A major concern regarding the future of educational technology in higher education is the apparent low level
of use, particularly in the traditional university programs. Because substantial funds have been devoted to encourage
the adoption of various technological tools, over the past 20 years, most support agencies have been reviewing their
Programs to see if better ideas and approaches might be available. The recent report’ prepared by the NAE for the
Ofiice of Education is an example of the studies that are under way.

I used the term “apparent low level of use” to highlis ht the difficulty that anyone experiences in trying to
determine what actually is the level of use and perhaps, as equally important, what is the rate of increased use.
Social chaﬁges have time constants of decades and same sponsors of programs have failed to realize that short pro-
grams, even those supported at a high level of funding, may be counterproductive in the short term. Norman
MacKinzie? has defined educationa technology as “the systematic study of the means whereby educational ends
are achieved.” If we were able to measure the rate of increased use of educational technology so defined, ! believe
this measure would provide an optimistic index of the future for technology in higher education. However, the
fact remains that to date, the vast majority of students in higher education are being taught by a lecturer unaware of
or uninterested 1 mistructional technology who uses books and a blackboard as his only teaching aids, There are
important pressures being applied to change the situation because of perceived potential econamies by administrators
and legislators, demands for better instruction by students and the desire of individual instructors 10 cope more
effectively with an increasingly complex task.

What then are the constraints that slow up the more rapid adoption of technology in education? Perhaps a
review of one or two highly successful technoloyical invasions of education will provide some guidance. The paper-
back hook has become so common it may not be recognized as the great revolution in book publishing that it has
been. While books have been a vital part of the instructional process for several centuries, the availability of low
cost editions in a very convenient format for carrying to and from classes has made it possible for instructors to
require students to buy more than just one textbook in a course and thereby provide the student with broad, readily
available study resources. The educational need and familiarity with the product combined with low cost borne by
the student, the easy availahility and convenience of use all contributed to rapid adoption and very widespread use.

A more recent technological invasion of the academic world is the dry copy duplicating machine, The use of
these machines has been so great as to give the publication industry great concern and has further complicated the
already almost impossibly complex problem of devising a new federal copyright law. Evidently an educational nee

Yo Reatize the Prarmiso, Advisory Committes on tssues in Educational Technology, Commussion on Education, Nationat
Acadumy of € ngineering, June, 1973,

2E ducational Tachnology and the University, 1966 1970 Ceantre tor Fducationgl Terhnologg, Univ. of Sussex, Hrighton,
Cletotieer, 19370,
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exists for the rapid copying of many documents. The dry copy process is clean and quick and except for photo-
graphs gives excellent copies. 1t is simple to use and available for use by any instructor at his convenience. Finally,
it usually is used with an itfusion of no cost because the operating cost ic covered by an overhead account and no
muney passes at the time the copres dre made. Furthermore, the per copy cost actually is relatively fow when only
smail nuniners of copies of any given document are needed.

The concluston we can draw from these two exampies is that technologiral developments can penetrate
educational wstitutions and do so fairly rapidly if they satisty three criteria. F - they must satisty an educational
need as percuived by instructors, Secondly, they must be readily available and convenient to use. Thirdly, they must
tie relatively fow in cost to the student, to the instructor and to the institution.

Low Cost Technology

With these thiee criteria in mind, what can be said of the technological systems that educators have been
exposed to for the past twenty or thirty years. Few, if any, have met all three of these goals. The cost critersa may
te satisfied (f the cost per student hour of system use is low, say 50 cents or less. In that case, several of the
computer based systeims may operate at this cost level. However, capital intenstve systemss in the academic envirorn-
ment have difficulty in raising first costs, creating and maintaining the operating and repair staffs required and
perhaps most serious, do not have appropriate amortization programs to cope with rapid obsolescence of compiex
equipment. Even if all of these capital and operating budget needs are included in the student hour cost calcula-
tions, unless university accounting practices recognize the special nature of these systems, the necessary funds for
replacement and maintenance are not made avaifable and fong term operation becomes increasingly difficuit,

Obviously, all systems involving software and hardware require capital investments and operating support.
However, therc is a spectrum of costs of this nature and in those programs that have been showing steady growth
over the past ten years without major forced feeding from the foundations, the capital investments are relativel
modest. One of the best examples is the auto-tutorial system which is being discussed in another paper at this
sympaosium, For some time now, | have been studying educational systems that incorporate low cost technology
to see how they could also meet the criteria of perceived need, availability and convenience, Two mode:s, each
of which is adaptabte to conventional institutions will be described. Al of the low cost technological innovations
of which | am aware can be used in one or both of these models.

LARGE CLASS MODEL

Each mode! offers a3 way to increase the student faculty ratic. The first model uses the obvious approeach and
merely increases class sizes. This is not a new approach but concern for the quality of education in farge group
lectures is common among educators and students. There are lecturers who cope successfully with classes of severai
hundred students, but many instructors are not comfortable with such large groups or are not particularly concerned
with the effectiveness of instruction in such circumstances. Since such classes are the delight of administrators and
deans because of the massive FTE contributions they produce, the use of large classes will probabiy Lontinue to
increase. However, as higher education continues to be faced with static or even shrinking enroliments, student
concerns about instructional quality may become increasingly important and f so, these concerns will clash with
administrative desires to use more large classes.

A possible resolution of this conflict of interests could be achieved by the more extensive use of technology in
these large class situations. Again, this is not a new idea, it is being done and has been done for many years. Howvever,
the extent and nature of use varies greatiy. | am sure nmy premise that technology can improve effectiveness will be
challenged and | realize that the research literature on this point is inconclusive. However, the rapid move toward
highty flexible curriculaprovide students with the opportur.ity to express their preferences in the one way that is
uncontestable : they can and are refusing to sign up for poorly taught classes. This is still a new pl.enomena and the
etfects are muted by the stilt large residual of “required courses” but the trend toward a more open curniculum s
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accelerating and protected havens are likely to decrease in number quite rapidly. Therefore, | am confident that

. .. caurses using technology properly will continue to attract students and this fact alone will verity its contribution

‘to the “effectiveness’ of the instruction.
Use nf Motion Picmres

. The term “usmg tmhnolegy properly." isa key coneept, ln terros of the pm\nouslv noted three criteria—cost,

convenience and perceived need—what technology is best adapted to large group instruction? Starting from the
- consideration of perceived need, the instructor shauld desire to gain and hold attention. The most widely used
technology with the proven capabahty of holding the attention of very targe audiences for several hours at a time
is the mation picture shown on. a big screen. Holding attentaon however, is only a start on the learning pracess.
The availability of a large color moving image that all students can easily see can also satisfy a number of other
mnstructor needs by providing unique learning expenences Some of the more obvious examples capitalize on
bringing remote or unusual or dangerous environments into the classroom. One of the most successful- films®
used on the UICC campus was made by Prof. R. Simpson of the Political Science Depr. and chronicles in some
detail the organization and conduct of a politicat cumpaign for a state level office.

v ‘

Another importart capabslity of film is to allow & class to refive a one time event in history, sither from an
actual mmmg of the episode or through a dramatic recreation. Techmcai uses include a wide variety of demon-
stration experiments that require no set-up time and always work. fn this regard, the abitity of the camera to
magnify or see into normally inaccessible environments can alsa add substantially to a lecture presentation,

[

Most people are aware of the educational possibitities af film. Why then is it not used more often? Perhaps
a review of how the use of film fails with regaid to convenience of use, availability and cost wilt belg to clarify the
situation. If we limit the use of film to large tecture classes, showing of the film may be reasonably convenient.
Many large classrooms have a large screen, priector, and even, in some cases, a projection booth. A projectionist is
very helpfut if the fitm is used for only parts of the class perrod and may or may not be available. Finding and
obtaining appropriate films cai1 be a serious problem, but if the campus has a good reference service, data on a
wide variety of available films can be provided. However, «f the film must be rented from off-c;mpm, scheduling
becomes a factor end-decision !cad times may be viewed by the instructor as a serious inconvenience, If preview-
ing of fitms is mecessary, additionat thme is mquired and the convenience factor suffers stifl more. The cost of
a rental filen averages about $15 a showing and the cost of providing an operator may add another $5 to $10 to
this amount. #f ten films are use . n a given course during a semester, the total cost would be between $200 and
.- $250 or, for a large class, about S1 per student per course.

if custom film making is required, the cost increases sihstantially. Commercial film production costs about
$2,000 per minute of finished ™Mm and evan low cost campus production if fully costed can run $400 per minute.
Howewer, an instructor may feel the need for a specific film that can serve to tie together the other films used in
the course and a major part of the Jecture materials. Assuming a film would be current in content for 5 vears, a
30 minute fitm locally produced would add about 52,400 to the course cost or about $10 per student per course.

To summarize, if the neud exists to use film, the convenience of use and availabitity is only fair, while the
cost ranges from low to fairly high. Given optimum conditions filim can and is providing strong support for
large classes. Unfortunately optimum conditions are not widespread in higher educational institutions and the
cost, inconvenience and unavadability factors militate against such use. :

Slides

An alternative to the use of film is the 35mm slide or one of 1ts variants. The list of possible perceived needs
for the use of slides is similar to the one detailed for film. The lack of motion does introduce an impot tant

38v the People, produced by K. Simpson, directed y W, Mahie Diserdonted by Film images/Radh‘n ans.
Released 1972, .

60

~



hrmtation, but can be partially compensated for by the use of a speciu! technique® that uses two projectors and a -
lap dissolve switching unit. By using alternate superimposed images frone two slide projectors and sequencing them
rapidly, an itiusion of motion can be generated that will suffice for nw..y applications. Even for just showing a
sequenwe of shdes at 4 slow pace, the technique allows the same sort of .msmon from one image to the next that ~
‘people are wwcustomed to'in films and television. o

. Oﬂce more howwer. l must admi: that slides are not used extensively in higher education and while there
does seem to be a trend toward increased use, a major probiem is still inconvenience. Actual viewing of slidesin a

big classroom may not be much of a problem and a dissolve unit may even be available. The projectors can be

remotely controiled by the lecturer and trays of slides easily loaded and unloaded. However, it is in the wepara-

tion or procurcinent of slides that the major inconvenience ensues. Slide collections can be purchased but cuntent

and availability is usually more dtfﬂcutt to determine than in the case of film. If purchased, slides will cost about 50

cents to $1 each and if they are used extensively in'a course, this can exceed the cost of a film rental. On the

other hand, slides can be used many times and collections of slides can be easil\r edited, so the long term cost s

a pvobab!v fower than for file, 4

!f the mstructot wants to use custom-made s!tdes he must provide the raw data Then the slides mu eost ahout
$2 to $3 each. This cost can be reduced by the do-it-yourse!f instructor, but ready access to art materials, drafting
tables, varitypers and copy cameras may be a problem and in any case will constitute an inconvenience, Considering
only fitm and processing costs, a slide might be prepared for as little as 10 cents. If, however, the lap dissolve
technique is used, two 80 slide trays can be used during a single lecture and would represint a first cost of about $16.
Assuming a once a year use and a five year life, the maximum cost for forty-two one hour class sessions would be
$135 or, again, for a trge class about $1 per student per course. In most cases, slides would cost more than this
minimum amount but intensity of use would probably also be much tower. so these two factors would tend to cancel
and the $1 cost figure is probably a good average.

To summarize for slidés, they can meet many of the same needs as film does. They are more convenient to
shaw, mare difficult to buy or rent and easier to custom design and make. However, slide making is a time consuming
inconvenience great enough to discourage most instructors. Costs are about the same as film rentals and could be
considered tow if used with large classes.

- Overhead Projectors

Probably the most widely used classroom presentation device is the overhead projector. Interestingly, it also
combines the greatest convenience of use with the lowest operating cost of any lsrge class presentation device.
The projector is totally under control of the fecturer and can be used as he would use a blackboard. Transparencies
can be readily prepared prior to cfass use on plastic sheets that cost about ten cents gach. If erasable markers are
used, the sheets can be reused many times. Colored line drawings are easy to prepare with appropriate pens.
Colored pictures are possible but represent a much more difficult problem, Moving images are not possible in the
~ filmy mode but motion of the pen in drawing curves or writing usually imparts a higher intrerest leve! than a still |
image. Students often object to the use of prepared transparencies on the overfead projector because it aliows
the lecturer to present materials much faster than they can put it in their notes. This problem can be overcome
if the lecturer also provides copies of notes covering everything presented on the screen, but this involves extra
time and eliminates what may be an imporiant learning process. An alternative solution is to pace the presenta-
tion of material to allow time for note taking.

Rated in order of low cost, convenience and availability, the overhead projector is clearly the first choice,
the alide dfesentatic_m is second, and movies come off third. However, a well-balanced presentation strategy
could find unique need for each of these modes in any given course. The ability of the film to engender affective

4--1_gp Dissolve Projection: A Technique for Teaching Spatial, Temporat and Organizational Reistionships,” J, 8. Daniel,
1. P. 8ailon, U. of Montreal, Proc. of Third Annus! Frontiers in Education Conference, (1EEE}, p. 297,
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as well as cognitive responses is particularly important and often is not fully appreciated. Properly orchestrated
these three presentation technigues can be used at a cost fevel that is acceptable and, by so doing, can generate
a high interest leve! and proaden access to content thereby making the farge class format quite acceptable and
educdtionalty profitable to students.

The use of television in the large class situation has been purposely neglected. Projection television is
expensive, technicaily complex and untif very recently, has facked color capability. Use of individual monitors
scattered throughout a large classroom can provide an alternative presentation mode, but | object to the smal{
screen and often poor color that such television offers. Future developments may change the situation, but in
that case cost, convenience and availability will be very similar to the fitm situation. The only possible exception
might be when a closed circuit television system is used as an overhead projector with a camera focussed on the
desk pad of the instructor. While cheaper than filming such an event, the cost is still not competitive with a simple
optical overhead projector.

INDIVIDUAL OR SMALL GROUP STUDY MODEL

A second modet of an instructional system that can use low cost technology is based on the assumption that
the major fraction of student learning occurs in the self-study or peer group mode and that if efforts are expended
to structure and aid this e 'q activity more effectively than has been the case in the past, an important amount
of time that has been devotes. .. information processing in lectures can be eliminated. The auto tutorial system,
which is a specific execution of this model, has given the impetus to a wide varicty of refated approaches. A
common pattern in all of these systems is a reduction in formal lecture time and varying degrees of individual
student assistance.

As noted in the Jarge class model discussion, the only way reasonabie costs of technical sub-systems could be
achieved was by spreading the costs over a large student population for each application. Even under these circum-
stances, some costs such as those associated with the production of custom made films are difficult to cover. There-
fore, if a system of instruction proposes to provide technology mediated learning for individuals, the necessary
duplication of both software and hardware becomes a very serious problem. One of the first systems devised to
provide individual instruction was the language laboratory. Unfortunately, the inflexibilities in use that were intro-
duced by cost considerations have contributed to its reputation as one of the less successful educational innovations.

So the chalienge of designing successful systems that provide individualized opportunities for guided self-
study depends heavily on low cost people and when appropriate and available, low cost technology. The use of
ditferentiated statfing, even to the extent of unpaid undergraduate tutors has provided a component of tower paid
mstructional staff. The problem ot providing lower cost technology has been more difficult because most of the
hardware was designed for large group use and even software costs were justified on the basis of only one copy
being needed for a class of thirty or more students.

in regara to projected images, the ultimate low cost device is not yet available, although there are some
systems such as the Philips PIPS units that recognize the need and have made a start in the right direction.

Audio Tape Cassettes
tn the audio field, the cassette format has made possible a variety of applications that support individual

studdy efforts at a fow cost. Several applications have been mentioned in previous papers‘76 7 but for the sake of
completeness, will be reviewed,

S a Systems Approach to Individualized Instruction,” 0. C. Miller, Proceedings Second Annue! Frontiers in Education
Conference, 1972 (IEEE)

5“Tachnotogv and Self Study,” D. C. Mitler J, Educationa! Techinolegy Systems, Vol. 1 (1) pp. 73-8B0, June, 1972,
7“Thu Auttio Tape Cassette in Education’” D C. Miller, F ngineering Education, Vol 63, No. 6, March, 1973,
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Perhaps the techrnical sub-systems having the lowest costs to the institution, are thuse that can use student
supplied equipment. Audio tape cassette record/playback units are widely available and less costly than a type-
writer. If the assumption is made that each student can find access to a playback unit, cassettes can be used in
several ways to promote the effectiveness of the self-study mode. fFor example, immediate answers to problem
sets that are assigned in courses in math, science and engineering can be provided if a commentary taoe and an
answer sheet is given to the student when he hands in his work. This enables the students to immediately check
their results, aiternate methods of solution and relationships to lecture materials. The instructor then need only
check who handed in a paper and spot check some of them for feedback. If graded papers for ail students are
considered essential, the students can be asked to keep a copy of their solutions, grade it and report the result.
Again, a spot check of the papers turned in could keep the responses honest.

The trade-off, of course, is the effort required to prepare the tape. However, once 8 master tape is pre-
pared, it can be reused each time the course is taught. An average cassette commentary is about 30 minutes, so
the production time should not be more than an hour. There is no need for scripting although a few notes on each
problem is helpful, particularly if previous feedback from students had indicated difficult concepts or computational
“booby traps.” Often a tape dialogue is a good format, where a student or another instructor serve as a surrogate
for the fistener by introducing questions or comments.

11 the campus has its own audio studios, the recording can be done there. 1f not, tapes can be made in a
classroom or in an office if the instructor has a recorder. The principal cost to the school for such a practice is
the duplication of the cassettes. Cassette duplicators may cost as much as three or four thousand dollars, but
can be used with student {abor. Thirty minute cassettes for a class of 40 student could be duplicated in about one
hour depending on the particalar type of duplicator used. Cassettes can be provided by the school with an
understanding that the student return a cassette for each different oan he ieceives. Thus, the school need only
buy as many cassettes as students in the class. If a student wants to keep nne or more tapes, he is asked to sub-
stitute a blank cassette for each one he wants 1o save. Tapes for #30 ;“r’son class can be purchased for about
$36 and can be used for four or five courses in sequence. The cost per student hour for such a system wouid be
B¢, so it is truly low cost.

Learning Laboratories ¢

If the school is able to set up learning laboratories where students can come to lisien to prepared tapes,
using them in concert with visual materials, the capital costs are somewhat greater but still low. A thirty carrel
unit could be assembled for $20,000 to $25,000. Assuming 12 hour a day availability, the cost per student hour
could be as low as seven cents although 100% utilization would be required to reach this figure. But even at 50%
utilization, the cost is low. However, the cost of software must be added to this capital cost. If the school
provides the learning software in the tape/stide format and each set requires about one student hour to compiete,
ten copies of each set could serve the needs of a class of two hundred. A tape/slide combination could cost about
$30 a copy and couid be used for at least five course repetitions. So the cost per student hour use is about $.03.
Costs for preparing the software should be added to this figure, if the materials are not commercially available. Using
a preparation cost of $600 per tape/slide set, and again spreading this cost over a five year period, the cost per
student hour of use would be about $.50. Added to the capital costs and duplicating charges, this cost level would
be marginal in meeting the low cost criterion. The software preparation time is the major cost factor and is seldom
fully costed, since the tnstructor will contribute time and often campus media services are availabio from overhead
accounts. Thus the perceived cost usually does fall within the low cost category.

It is also interesting to note that for a given tape/slide combination, the cost of the slides comprises about 80%
of the total. The 35mm slide is expensive to use for individual viewing and alternate formats are needed. The film
strip is one such alternative but iack of highly reliable display equipment, difficulties in editing and the high cost of
smail numbers of copies are serious limitations.

63




Some apphcattons in the learning laboratories do not mw or use projected visual software and depend on
audio cassettes and accompanying printed materials.- Such a combination not anly greatly reduces cost but for some
applications can be the best mode of instruction. “Hands on** experience is often the best way to learn how to-
operate a wide range of devices and the tape/workbook is particularty well adapted to assist such learning activities.
For example, familiarization with electronic leboratory equipment such as an oscilloscope or a signal generator is
very effectively conducted by use of a cassette/workbook combination and several versions hsve been prepared and
used. Some video enthusiasts feet that if audio cassettes are good, video cassettes must be better. § think that when.
a leamning situation already requires full visual attention by the student, to offer competing visual information may
slnw down rather than aid the learning pracess. it certainly adds to the cost

lmamctlm Loctum

" One of the earliest uses of the audio cassette recorders was the recording of classraom lectures, Most students
and many instructors iearned that this procedure was not the learning boon it was expected to be. Listening to
audio can be very dulf and without a visually related image can be subject to many distractions as the visual sense
demonstrates its dominance. Also a one haur lecture requires one hour to review. Thus, the ability to provide
individual oral versions of a lecture at a low cost was an sttractive solution in search of a problem. One of the most
inturesting approaches to resolving this situation has been the “interactive lecture”8 developed by Dr. Stewart
Wilson of the Polaroid Corporation.

- Most mediated instruction guides a student through a long series of legrning steps and depends upon the
frequent use of program specified questions to provide leaming reenforcement. However, in many successful learn-
ing environments, the inverse occurs—the questians are student formulated based on his rate of comprehension and
previous background. The system devised by Dr. Wilson creates as nearly as possible with medig, a situatio.* whereby
a student can learn content by listening to a lecture, can initiate appropriate questions of his choosing and readily
obtain answers to these questions, The system is based on the concept that for a given lecture, there is a finite num-
ber of questions that any student hearing the lecture is fikely to ask, By having a reasonable sized sample of
students listen to a given lecture and list their questions, a bank of questions can be generated. Furthermore, it
seems reasonable to expect that if a targe number of students participate in the preparation of the question bank,
any question s student might have subsequently while listening to the lecture wouid have 8 high probability of
being in the question bank. Then, by recording on cassettes answars to all the questions in the bank and arranging a

method of fairly rapid aceess for any specific answer, the system can provide the student with a fow cost interactive
learning resource,

Dr. Wilson also uses a modified Flexiwriter which operates from one track of the tape cassstte and draws on a
sketch pad any visual materials the lecturer wishes to use with his presentation.

| have adapted this idea to a somewhat less sophisticated system with the hope of making it more attractive
cost-wise and somewhat sasier for a student to use. By recording instructional lectures, editing out all questions
asked by students and repetitive or irrelevant materials, & fifty minute lecture can usuaily be reduced to about
thirty minutes. Using speech compression equipment, the lecture can be further reduced to about 25 minutes.
A workbook is prepared for the visual materials that accompany the lecture. Using the question set generated by
students during the lecture as a nucleus, additional students are asked to listen to the condensed lecture and add
questions. The final set of questions and answers to these questions are put together as a part of thé final wrkbook,
i desired the question set can be added to and answers can be modified as the lecture is made availaple 10 additional
students. Thus the unit can be kept up-to-date with relatively little additional effort.

The interactive lecture in this modified format is particularly suited for individualizing instruction. The only

contribution required of the instructor is to give permission to record his lectures and to write answers to the
questions in the question bank. However, the tape editing must ba done by someone quite familiar with the

B )ntaractive Lactures’” S, W, Wilson, Technology Review (MIT), January, 1972,
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lecture content and consuitation with the instructor is essential. The system is particularly sirfed to optimize
student time since a bright student can spend about half as much time listening to lectures as he normally would
whereas the slower student could review ali of the available questions if desired and never 1isk cxposing to the
instructor his inability to quickly grasp the material. The portability of the tape/workbook combination allows the
matenal to be studied almost anywhere it is convenient for the student to do so. ™

Unfortunately, while the system is fow cost and can be used conveniently, the perceived need by instructors
has not yet materialized in any significant number of cases. Cne problem is the acceptance of the desirability to
move the data transmitting function from the group lecture mode to the individual seif study format. Another
problem is the availability of skilled tape editors who are also reasonably knowledgeable in the content to be
edited. However, students can learn editing quickly and can do a fine job on content with a little experience, but
convinCing instructors to use the technique is much more difficuit.

Calculators

No discussion of fow cost technology can ignore the potential and real impact of the new solid state calcula-
tors, particularly the hand held units. Costs range from 350 to $400 depentiing upon the sophistication of the
calcutations desired. 1t seems likely that almost every student that takes courses involving calculations sooner or
later will obtain such a unit for his personal use just as studenr. now buy typewriters, slide rules and cassette
recorders.

The impact of the greatly increased computational capability these devices can provide to students will
certainly aliow a substantial change in the level and number of problems assigned in technical courses. In those
schools, such as Dartmouth, where students have had ready access to the computational power of the digital
computer, substantial course modification has already occured and might serve to guide future steps in this
direction.

Cost and convenience would lead one to expect a rapid incorporation of thaese inexpensive calculators into the
curriculum but, again, perceived need by instructors may not be sufficient to push the acce ptance of this innovation
as quickly as some of us would like.

Television Monitors

The use of TV cassette players and color monitors is a very attractive presentation mode and is receiving a
great deal of attention at the present time. | think it is particularly well adapted to use by individuals or perhaps
small groups. Howevey, the cost of a playback unit with color monitor is at least $1,500 and each unrecorded
cassette costs about $25. Therefore, - “hile | hope money can be found to outfit at least portions of learning labs
with TV cassette players, | cannot classify it as a low cost technology — at least not in the near future.

CONCLUSION

Two models of an educational system have been reviewed for needs that could be satisfied by some forni of
technology. Some needs were identified and possible technological solutions were discussed. The criteria of low cost,
convenience of use, ease of availability and perceived need by instructors were apolied to each technological
approach and the degree to which the technology under consideration met these criteria was assessed. None of the
technological systems presently available met 3!l of these criteria to a high degree, although the overhead projector
use¢ in the large group mode! and the audio cassette use in the individual study model came close to satisfying the
criteria posed as necessary for successful widespread adoption.
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LATENT ENVIRONMENTAL EFFECTS OF EDUC'ATlONlAL TECHNOLQGY

- James Bes
Director of Planning Studies
SUNY at Stony Brook

tn most cases, measurement of the effects oi new or experimental instructional technology: involves the
assessment of changes in the subjects undergoing the special treatment. Seldom is there an examination of others
in the educational environment with whom either the subjects or the technology ¥self interface. This paper fooks
. at some of the potential relationships between the subjects in an experirmentat instructional settmg and students,
facutty and administrators whaose relationships to the new technology are initially indirect and tangential. The:
papey is. concemned particularly with these relationships in a conventiatly bounded higher education system whether
new teachingleaming technologies represent onty a relativery sman input to the total environment. It concentrates
mostly on the impact on students,

The paper begins with a discussion of some of the variables which might be expfored. In particutar, needs of
students and aims of the curriculum in a conventional system are contrasted. Next, the typical abjectives of new
instructional technologies on these campuses are discussed. An attempt is made to shicww how these technologies
usually assume a limited set of aims at traditional colleges. The nature of the environment which is needed to
support the broader aims of liberal education are then suggested, followed vy some hypotheses about the impact
of new instructional technologies on that environment. A short section on environmental measurement is then
offered. The paper concludes with several recommendations about how technelogies must be adapted to recognize
not only curricular aims and student needs but also the environmental conditions which are conducive to their
satisfaction.

Changing Needs of Students

One way of evaluating the effect of new instructional technologies on a student body is to determine if and

- how they meet both the aims of the institution of higher education and of the needs of its students. Curricula in
post-secondary education are typically designed with each of two broad sets of objectives, though it is sometimes
ciaimed they are in conflict with one another. Depending in part on the kind of institution, conventional courses
addressed at meeting institutional needs are intended to have an immediate effect on the student’s store of
knowledge in a particudar field, which in turn, it is presumed, allows him to be more adsquately prepared for his
post-graduate life. In addition, conventional courses have the cbjective of increasing the student’s eritical capacities —
his abilities to think objectively and creatively, Frequently the curriculum as a whole attempts to instill some
awareness of alternative value systems, particularly as these relate to the duties of good citizenship. 1t.is hoped that
the student will, in addition, benefit from his courses by having his overall awareness and appreciation of the fine
arts enhanced. Finally, conventional curricula often are designed to allow students cpportunities to learn to sct
with independence and autonomy, it should be noted that these institutional objectives look mostly to ihe prepar-
ation of the student for the future, rather than to his development in the present. Moreover, the pedagogical style
which has appeared most conducive to fearning under this assumption is one in which learning takes place through
the acquisition of “’bits” of information, arranged sequentially according to any of a number of theories of
cognitive development.

But students often have their own sets of needs in addition to those commonly assumed by institutional educa-
tional planners in their design of formal curricula {Katz, 1968; Chickering, 1868). Young people coming to college
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are seekmg to find out wha they are and what they are ““‘goad’’ at. More than simply muona! identification,
college students look for a deeper sense of the continuing stable set of personality traits they can catl their own.

~ They want aiso to explore alternative living styles, often 3 frightening prospect for them in which internat con-
flicts lead to confusmg tergiversation, Students are interested in developing their interpersonal competencies —

i.e., their capacities to communicate intimately with other human beings. Simitarly, they are concerned with the
ways they handle their emotions, desising to feel more comfortable when they express themselves openly or when
they find it necessary to be restrained. Finally, they search for meamng i then- lives. A nevehending tife-!ong
quest in the college years, this drive is particularly salient.

These two sets of obiectives ;('of the institution and of the student) are clearly related, but often in contempo-

-sary higher education they are unfortunately opposed to one another. The more subtle and often undefined and -

usually unstated educational objectives of the institution are translated into a format curriculumPwhich is so geared
.o the meeting of students’ future needs that it may ignore those most urgently felt by the students as they pursue
their daily lives. That this apparent dualism is more myth than reality was, of course, Dewey's theme in much of
his writing (¢.g., Dewey, 1916). The artificial separation of future und present, of institution and student, of object
and subject is accentuated by the differences among the disciplines where faculty have quite daffemnt cat
assumptions and objectives {Gamson, 1967). The dichotomization of institutional and student needs le
examined the refationship between motivation and leaming, between emotion and reason and between the urgeacv
of the student’s present and the practicalities of his future and that of his sotiety. One important test of new
educational technologies, then, is to see how well they address themselves to these interfocking sets of needs. To
the extent that they cen meet this challenge, they will have facilitated the needs of the society for an educated and
informed citizenry, the needs of the students for personal growth and development and the needs of a pedagog:csl
system wh:eh accounts for the retatmnsmp between the two.

It seerns reascmably clear that particuiatly in bounded, conventional systems of higher educatxon designers
of new technologies have not adequately comprehended the synergetic nature of institutional and student needs and
have chasen to concentrste on the former. The impetus for experimentation in pedagogical forms on these campuses
has been spurred by financial pressures on colleges and aniveisities to find ways to teach more “efficiently” —

i.e., ta reach out to greater numbers of students at less cost. It can be demonstrated {though it will not be here)

that in back of these derands for economy are the restricted set of assumptions bout the purposes of the curricutum
noted in the first of the set of objectives described above {i.e., those that are oriented toward the preparation of the
student as a future citizen). To the degree that teachers and researchers are naively responsive to federal agencies and
other who would sponsor such efforts, the experimental technologies will be geared predominantly toward improving
the more pastoral functions of higher education — the passing on of information to students for their futum use as
adults and citizens. This cognitive and future-Jooking orientation neglects not only the linkages between cognitive
growth and total individual deveiopmem but the manner in which both take place in a complicated social context
autside the classroom,

Supportive Educational Environments {*3{ -

A much more comprehensive conceptualization of the environmental conditions requisite to the satisfaction of
both affective and cognitive learnings seems to be needed. When new instructional technologies tend to reinforce the
more traditional objectives of curriculum makers, they assume a more limited role for the teacher and demand far
less of the institutional culture in support of student growth and development. Computer-assisted instruction or
self-paced learning devices tend to {though they do not always) ignore the deeper needs of the student for personal
growth. While they may recognize in passing that students may develop greater independence or that feelings of
personal competence may be enhanced when students proceed at rates compatible with their learning abilities, such
benefits are usually treated as fortuitous events rather than as achievements of planned objectives.

Both apocrypha and research {Newcomb, 1862; Newcomb and Wilson, 1966) support the view that peer

influences as well as other non-curricular experiences contribure as much to student growth and development as
does expusure to formal course work. For example, Bolton and Kameyer (1867, p. 80} report that in bull sessions
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outside of class, students talk about intellectual matters only about 9% of the time, about popular culture and -
' campus topics (including acedemic ratters) about 24% of the time and about personal concerns for the remaining
~ two-thirds of the time. Despite Newcomb's strong urgings in 1862, little research has been done. (or at feast
_reported) which documents the kinds of effects such interactions have on long-term student growth and develop-
ment. There is strong reason to believe that in “’bull sessions* per se {i.e., not “'study groups™} the intellectual -
activity which takes place does less 1o sid students in acquiring the knowledge prescribed by the curricutar objec-
tives than it stimulates, provikes, challenges and teaches values and beliefs operating at a more profound fevet in
the individual’s motivational and personality nexus. That is, students are more likely to engage in conversations
in bull sessions which touch on their deeply felt feelings about issues of importance to them — feelings which fre-
quently stem from prior socialization in earlier parenta! and educationa! settings. Yet these intellectuat exchanges
are of immense value when they can be related to the curriculum, especially when curricular {or institutional}
objectives are addressed to individual neecs. As Newcomb {1962) notes, ““Teachers' influence, if it is to be .
effective, must be caught up in the norms of student groups. . . The relationship between academic and non-

~ scademic fife must, in other words, be consciously considered in the planning of educational objectives. Needless

ta say, in bounded, conventional systems of higher education, such connections are rarely made. The climate for..
" establishing new instructional technologies on such campuses with this relationship in mind is not, therefore, a
favorable one. '

Another example of student activity outside the classroom is in “dating.” Though on different campus»s,
interaction with the oppesite sex may be called by othe: names. Bolton and Kammeyer at the University of
Catifornia-Davis found that their sampte of students averaged about 17 hours a week in this sctivity {either in
dyads or in larger mixed-sex groups}. Their finding that students on dates tend more than in bull sessions to talk
about serious and seif-revealing topics is not surprising. They report:

On dates, students are more fikely ta discuss personality or identity problems, long-run
orientations, and intellectual topics, especially those dealing with religious and phitoso-
phical questions. The latter discussions are often attempts by the students to work out
their own values and ideologies. {p. 231)

Clearly, dating is potentially one of the most important leaming modes for students. There are same who
would argue that together with all “non-academic™ activities they are not and shouid not be the responsibitity nf
educational planners. While few would suggest that the dating encounter should be heavily structured as ase -
paced learning device (properly video-taped for later feedback to student and instructor!), it does seem reasonable
to acknowiedge that the quality of the learning that can take place is affected by the prevailing informal student
(and facuity) values and norms about the activity. For example, a campus atmosphere dominated by traditional
machismo and mannered male-female relations will resutt in far different kinds of student development than will
one which is characterized by equality, honesty, directness and caring.

The main point of these two examples, bull sessions and dsting, is to illustrate that the out-of-class activity
of students has a direct relationship to the in-class learning. If in the preparation of instructional objectives for
courses, faculty are not cognizant of the kinds of growth und development which can take place in other settings
and of the relationship of that learning not anly to curricular objectives but to student need satisfaction, their
dusign of new instructional technologies will be deficient. More, it may even have a negative effect on the quality
of campus life in which it is introduced. As Janowitz and Street (1966) remark about educational television,

Rarely {if ever) is the crucial question asked: What is the impact of television instruction upon
the teaching staff, the student body, and the whole organizational capacity of the educational
institution? What are the effects on socialization of television instruction? In short, what are the
side effects — when the side effects may be more powerful than the direct effects.
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Measummm of the Environment

Those interested in experimenting with new instructional technalogies are quite naturally concerned with
measuring the effects of their experimentat treatments. The hypothesis of this paper is that such measurement
must include not only cognitive changes in students, but their affective development and the nature of the -
environment which supports it. ’ ' ' - '

This raises a number of serious problems. New instructionat technotogies in bounded, conventional systems
- of higher education commonly take as their time frame for measurement the semester or quarter — i.e., the uait
of time.in which a “vourse” is offered. In the evaluations, pre- and post-course testing of treatment and control
groups is performed in order to determine whether the course material has baen acquired with greater efficiency.
~ Rarely are efforts made 1o retest at later times, except perhaps by test-makers concerned with incressing the
reliabilities of their scales. Seidom, too, are measures taken of the long-term effects on the thought processes or
~ behavior of the student or of the ways in which his new knowledge has or has not been integrated into his
personal value system. There is little research which shows, for example, correlations between achievement scores
in courses using new instructional technologies and changes in personality growth and development taken at
significant points in the student’s college career. In short, evaluations of new instructional technologies do not
usually louk heyond the course as the time unit of measurement, and they rarely make conngctions between the
objectives of the course and the broader aims and objectives of curriculum and student (c.f. Born et al., 1972).

Nor does the research to date seem concemed with the relationships between new technologies and the

- "press” of the campus environment. Fortunately, some considerable research has been reported on the nature
of the refationships between incoming student characteristics and the effect of the college environment on them
(Astin, 1968: Feldman and Newcomb, 1968}, though critics of this kind of research are also becoming more
vociferous {Feldman, 1972). in grossly oversimplified diagrammatic form, the figure below shows some of the
difficulty in measuring the impact of new instructional technologies: ’

Environmental
Incoming New instruc- Existing
Student . tional Student
Character- 4 R T ~ > Character-
“istics Technologies o istics
Press

Figure 1. Instructional Technologies of Total Environmental Press

The figure reveals how the new instructional technologies are set in a context of a total environmental press,
both affecting and being affected by it. Students entering the institution help determine the press and are affected
differentially both by the press and by the new instructionas! technologies which they may undergo.

It will be helpfull at this point to illustrate how measures of the campus environment can be refated to evalya-
tions of new instructional technologies. Since the early anecdotal-type research of Boroff {1958) and Jacob {1957},
many instruments have been developed to provide valid and refiable information about coliege campuses. Approaches
to the study of college environments vary. One is the method of perceptual analysis, in which various constituencies
on a campus indicate the degree to which they feel activities of one kind or another are present in varying degrees
(Stern, 1970; Pace, 1972, Pervin, 1967; Chickering, 1970). The several instruments used by the American College
Testing Service and the Educational Testing Service (e.g., Peterson et al., 1970) are perhaps the most widely known
and readily availsble of this type, partly because the scales have been well tested and nationally normed. Through
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these questionnaires, it is possible tb cbtain a picture of a campus in ierms of its relative emphasis on certain goals,
its efficacy in functioning and the quality of its environment measured by perceived characteristics such as scholar-
ship, awareness, community, propriety, practicality, quality of teaching and campus marate.

- Anather approach to the study of environments is the stimulus approach {Astin & Holtand, 1961 Astin, 1968;
Pace, 1972). Here, members of the campus are asked ta describe their own activities, and/or researchers ascertain
the degree of presence or absence-of key environmental features (e.g., numbe, of faculty, number of books in the
library). Still a third, but rolated, avenue of investigation is the depiction of the character of an environment by
describing the persenality eharacteristié:s of the individuals who comprise it. Thus far, this approach has been '
developed primarily for students. Using one such instrument, The Omnibus Personatity Inventory {Heist & Yonge,
1968) it is possible to descrun: @ campus in terms of its students’ dispositions toward intellectuality, autonomous
action, Intraversion-extsoversion, estheticism, impulse expression and altruism, and the degree to which they are
" personally integrated, rehiguusly liberal and oriented toward practical matters. The instrument is also of value in
allowing longitutli..! usacssments of the student body, thus permitting evaluations of growth and development
resulting {presumably) from exposure to the campus or selected portions of it {e.g., diffevent majors or alternative
residential arrangements), ’ X o

Each of these approaches can be ot use in the evaluation of new instructional technologies. Again, if the
assumption is made that there is an interactive effect among the technology, the environment and student growth
and development, then ingiziies can be made of the nature of the relationships. If the designers of experiments -

" using the new technologies include in their planning the notion that important, {ong-fasting liberal education
requires supportive environments, then it should be possible to controt for the environment in the evaluation. For

~ example, selection of certain dormitories for activities supportive of in-class technologies can be made. Assess-

- ment of the quality of the dormitory environment compared with control groups can be made before and after

the introduction of the new technology. Similarly, student personality dispositions can be ascertained in these con-

trolled envirunments, permitting later testing for ¢changes,

Beyond the measurement problems in evaluating the effects of new instructional technologies on students are
a whote host of other environmental factors particularly those involving faculty, This is especially true on bounded,
conventional campuses. Faculty in the social setting of a traditional institution are not generally inclined nor
encouraged to share their teaching methods, problems and successes with colleagues. itis somewhat surprising,
then, that new instructional technologies are not looked on more favorably, since as noted earfier, the assumptions
and objectives of each are sctually quite simifar, The problem is compounded when, or if, the broader set of
objectives suggested for new technologies is proposed. Faculty on these campuses will resist not only new tech-
nological features (Evans & Leppmann, 1967) but the expanded set of objectives and the necessity of environmental
support for them.

SUMMARY

To summarize, learning which affects the whole person requires careful design of the total environment in
which the process takes place. In bounded conventional systems, it is unlikely that new instructional technologies
will resuit in profound benefits without positive social system reinforcement. The absence of reinforcing con-
tingencies in dormitories and other student-dominated settings results in narrowed intellectual focus and a
shortened time dimension into which new material is integrated. Students, are led, in other words, to view their
current academic experience as a shortrun hurdle to be conquered and guickly forgotten, or perhaps stored in
memory for some as yet unrecognized future need. .

Measurement of the attitudes of those in the environment in which new instructional technologies are
introduced will reveal the presence or absence of values which support long-lasting leaming and which encourage
attention to student growth and development. The bifurcation of institutional objectives (which on traditional
campuses are geared primarily toward preparation of the student as a future citizen) and individual student needs
{which are temporally situated in the present) is acoentuated by new instructional technologies which tend to
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-neglect the latter. Only when those concerned with infovative teaching and learning methods incorporate a
broader set of educational objectives will the need for SUppari.ve campus environments become of sufticient
importance to produce them, In sum, attention to tie sociology of learning as well as the technology of teaching .
it the hight of 4 comprehensive set of institutional vbjectives is needed for a truly successful educationaf
enterpwise. . R A o EEEL A
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THE COMPUTER AND THE FOURTH REVOLUTION
Dr. Andrew R. Molnar*
Program Director for

Apphcattons and Coursewa.e, T.1.E.
National Scsence Foundatlon

. THE FOURTH REVOLUTION

The Cameg:e Comm:ssmn an Hngher Educanon has recently puhtlshEd a repon entitled the “Fourth
Revolution™ which takes its title from Eric Ashby’s observation that four great revolutions have been taken

.place in education.t

The first revolution was the differentiation of adult m!eé so that the task of education for the young was

‘shcfted in part from parents to teachers and from the home to the school.

The second revolution was the adoption of the wmten word as a tool of education and with some reluctance
writing was permitted to co-exist with the spoken word.

The third significant change was the invention of printing and the widespread availabitity of books.

¢

And the fourth revolution is the development of electronics, notably radio, television and the computer.
The computer, however, is the imperative in the fourth revolution.

1. THE GROWTH OF COMPUTING IN EDUCATION

~

In a little over 15 years, academic computing has grown at a phenomenal rate such that in higher education: 2

Access to Computers

All major universities and most colieges provide computmg services to their students either throuch focal
mcmnes or access to off-campus facilices

¢

Expenditures

Expenditures in the last decade have increased over ten told with 50 million dollars spent on computing in
1963 ard an estimated 540 million dollars being spent in 1872,

Type of Computing

Of that amount spent, 30% was spent for instructional use; 32% for research use; 34% for administtation and
4% for services to other institutions.

* The views arv those of the suthor and do not necessarily represent those of the Nationst Sclonce Foundstion., This paper
18 byased on commenis ada a. tha Aprii 17, 1973 Annuatl Convention of The Associdtion for Educational Data Systems in New
Ortgans, Louisiang, and further illustreted at the Educational Technology Symposium at S1o.y Brook, New York,

Y The Fourth Reavolution: Instructionat Vechnotogy in Higher Educstion. A report snd recommendastions by The Camegte
Commission on Higher Educetion. (New York. McGraw-Hiti Book Company, 1972},

2 john Hambien, Inventory of Computers in U.5, Higher Education, 1969 1970. {Atlanta, Georgia: Southermn qu!u!
Education Soard, 1972}, ™ :
' i
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Sources of Support

This growth has occurred in spite of a diminishing percentage of contributions from Federal sources.
Currently, 70% of expenditures for computing comes from institutional funds. In 1965, 36% of the funds came
from Federal sources; in 1967, 23%; and only 17%n 1970

Computer Science Majors

{n the last five years the number of computer science degree majors have increased by a factor of 15 from
approximately 5,000 to 75,700 students.

Language Substitute

Four hundred and seventy departments now permit the substitution of computer languages for foreign
tanguages. This is a three fold increase in the last two years.

Curricuia

Computer-based curricula has grown from less than 100 computer-based packages in 1965 to over 6,000 in
1972 — an increase of a factor of 60 over a seven year period,

in secondary education while the figures are less complete, we do know thatin 1970 34% of the Nation’s
secondary schools had access to a computer for administration and/or instructional purposes.3 in 1963, a survey
estimated only one percent of our Nation's secondary schools used the computer for instructional purposes; in
1966, that increased to 1.7 percent and finally to 12.9 percent in 1870. This represents a growth in instructional
uses of over 12 fold in fittle over seven years. This amazing exponential growth of academic computing has come
about in spite of a growing financial problem faced by education.

1. NATIONAL SCIENCE FOUNDATION PROGRAMS

Dr. H. Guyford Stever, Director of the National Science Foundation (NSF), says that the Foundation’s
programs provide for continued strong support for science with an effective balance between research and
education programs.@ The higher priority, however, will be research programs. The NSF budget for Fiscal Year
(FY) 1972 was 600.7 million dollars and the FY 1973 expenditures are estimated at 615 million dotlars. The
requested FY 1974 budget of 641.5 million dollars includes 58.9 million dollars of FY 1973 carryover funds.

The new restructural Science Education Improvement Programs provide support for programs that are
designed to (1) increase science education effectiveness; {2) help provide the essential number and variety of
trained scientists and engineers and; {3) make the general public more knowledgeable as to the potential uses
of science and its limitations so that they can deal more effectively with problems requiring an understanding of
science and technology. NSF Science Education Improvement activities in FY 1973 are estimated at a level of
47.0 million dollars versus the planned 80.8 million dollars and compared to a FY 1968 high of 125 mitlion
dollars. In FY 1972, the budget was 73.4 millior. dollars. The requesied FY 1878 budgyst is for 60 mitlion dollars.

The Office of Computing Activities
The Office of Computing Activities was established in July, 1967 tc provice Federal teadership in expioring

and developing computer technology and the uses of the computer. The Cffice administers a program in Computer
Science and Engineering which supports basic research in Theoretical Comp.iter Science, Software and Programming

3charies A, Darby, Arthur L. Korotkin, Tania Romashko. "“A Survey of Computing Activii,ss in Secondary Schools,”
{Washington, D,C. Amarican institutes tar Resasarch, 1970).

ANavional Science Foundation, Buriget Highlights tor Fiscal Year 1974,
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Systems and Computer System Design. Another prograre ~umputer Applications in Research, seeks to support

research stuties which focus on the explaitation of advances in computer technology-to further research in

science, Support is being provided for exploratory studies to develop a National Network of computer-based

resources i support of research and education. A new program, Computer Impact on Society, is concerned with

studies of the impact of computers on organizations and individuals. The FY 1972 budget for OCA was 12.5

- miltion doliars. In FY 1973, the Office wilt spend 10.0 miltion dollass and 10.0 miltion dollars is requested for
FY 1974. '

Technologics! Innavation in Education

The Coamputer tnmavation in Education wogram has been transferred out of the Office of Computing
Activities to the Education Directorate of the Foundation and renamed the Technologicatl tnnovation in
Education Group. The objectives of this group are to explore and develop new innovative uses of the computer
and retated technolagies in education. tn FY 1972, 8.4 million doliars was spent for this activity and 6.0 mitlion
doitars s estimated for £Y 1973, in FY 1974, 7.0 million dollars is requested for the expanded functions. |
woulkd like to briefly describe some of the activities currently being supported.

V. COMPUTER-BASED SYSTEMS

We have supparted the development of a wide variety of instructional systems. Oregon State University has
developed an on-ine, interactive, graphic system for classroom use in science. The system permits the instructor
to dynamically contiof the graphics terminal with a joystick input device, A farge screen television projector
enables the instructor to display the computer output on a 6 foot by B foot screen which is clearly visible to 3
class of 200 students. This classroom use of a sophisticated terminal significantly reduces the cost-per-student
hour of instruction.®

Project IMPRESS at Dartmouth College is a conversational, interactive package for the social sciences.6
(t permuts the student to have access to over 100 files of social science data on a variety of topics. Rather than
hear a lecture, the student formulates hypotheses about curvent social problems and tests them using a variety of
statistical packages using current social data. The system includes pedagogical rourines that guide a novice through
compiex statistical programs in a conversational manner with minimal previous experience and permits under-
graduates to perform learning activities which would not otherwise be introduced until fater vears. This approach
is unlike CAl and yet different from traditional problem-solving. The potential for IMPRESS and more advanced
systems to reduce costs and offer a new instructional format is very attractive. _ »‘

Currently, Dr. Seymour Papert of MIT and Dr. Robert Davis at Syracuse University, now with PLATO, have
demonstrated the use of LOGO, a compurter language, 10 teach and assist fifth grade children to compute functions
and solve chaculus-like problems, This activity seeks to avoid the rigid sequential presentation of mathematical
concepts and through the use of the computer and computer artifacts introduce higher order concepts at a much
earlier age. With this «v.tem children have demonstrated their ability to write programs to draw simple figures,
construct complex geometric designs, write a frame-by-frame movie, generate music, write computer generated
poetry, solve motion problems in physics and program the movements of a marionette.”

NSF has devetoped a number of exprerimental models of computer networks for developing and sharing
computer networks for developing and sharing computer resources for instructional purposes. Some use batch
processing, others are interactive. One network combines closed-circuit television with remote computing. One
expeniment involved a nationwide disciplinary network for Chemistry departments while still another uses a
network of minicomputers for smail colleges. In the past four years, some 30 regional computing networks were

"%y G, Keliey ot al., "Interactive Classroom Graphic.” Oregon State University, 1972,

6 james A, Davis, Using the IMPRESS System to Teach Sociology. In ""Proceedings of the Second Annual Conference on
Comg utars in the Undergratuate Curriculs,” {Hanover, N.H,, Dartmouth Cotiege, 1971).

7Seymouv Papert, “Teaching Childron Thinking,” iF {P World Conferance on Computer Education, August, 1970 and
“Twenty Things To Do with a Computar,”” Artifical Intelligence Laboaratory, Massachusatts institute of Technotogy. Cambiridgse,
Massachusetrs 1971,
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established involving 300 institutions of higher education and some secondary schools. The program has provided

members with access to a farge computer with a library of instructional and problem-solving programs as well as

* technical-assistance and training. Today, approximately three quarters of the networks are self-sustaining and .
continue ta eperate after the termmanon of Federat funds This mghtv successfm expenmental program isnow

bemg phased out. : e a

_ ‘,The reseamh and development of the 1960°s, although severely limited by technology and pedagogy,
demonstrated that students could learn using CAl at least as well as and in some cases better than by more
traditional methods. However, the equipment tacked graphics and audio capability. Software systems were
not fiexible or easy to program and were much too costly — probably by a factor.of ten. In order to remedy this
situation NSF sponsored the development and demonstration of two advanced systems; one following a
centralized, utility approach and another following a modular or decentralized appmach The projects will take
five years and ten million dollars of NSF support.

: - The Uniwrsitv of illinois PLATO 1V (Programmed Logic for Automatic Teaching Operations) system is

" “controlied by a Contrel Data Corporation 6000 sevies computer with up to 1,000 terminals connected to the
computer through a single television channel.8 The terminal consists of a keyset and a plasma display for computer
generated information. The plasma display panel consists of two sheets of glass ssparated by a thin layer of gas.
Points on the display are fired by the comnuter to generate words, figures and drawings. Up to 266 colored pre-
recorded microfiche slides can afso be displayed on the screen as well as dynamic information superimposed over
the static display. More than 4,000 random access audio messages of up to 21 minutes in length can be recorded
and selectivetv presented under computer control.

A touch sensitive pansi permits a child who is reading and doesn’t recognize, for example the word “elephant’’
- to touch the word on the display panef and have a picture of an elephant appear and hear the word in his ear-
phones. The system will provide courses in elementary and secondary school curricufa as wels as community college
and university level courses, o
Ore hundred and fifuy terminals are up and operating at Urbana and 400-500 terminals will be installed from
Urbana to Chicago by Sep'ember of this year. The system was also demonstrated via satetlite in ftaly and Switzer-
tand last summer and the Organization for Economic Co-operation and Development (OECD) now has a terminal
in Pans

The TICCIT (Tirne Shared Interactive Computer Controtied Information Television) system is operated by a
Data General, solid state, minicomputer with 128 student terminais.9 The terminal consists of a keyboard, a small
color television to display computer generated displays, video tape or slides and audio. The courseware will consist
of two years of Mathematics and Engtish and will be written to follow a prescribed set of design procedures. The
intent is to design and validate procedures that will yield high quality courseware which will be usefut to large
numbers of students in standard courses throughout the country, The system will be installed and tested in 1974
at two community colleges — Northern Virginia Community College and Maricopa Community College in
Phoenix, Arizona,

The Education Testing Services of Princeton, New Jersey will evaluate and report their findings for both the
PLATO and TICCIT project.

sr‘on-k—i L. Bitzer and D. Skaperdas, *‘The Design of an Economically Visble Large-Scale Computer Based Educational
System,” pp. 1434 in Computers in Instruction, (Ed.) R. E. Levien, Rand Corporation, Santa Monica, California, 1971,

I enneth J. Stettan, * The Technology of Small Local Facllitlas for Instructional Use,” pp. 35-4%, in Computers in instruc:
tion, (Ed.$ R, E. Lovien, Rank Corporation, Santa Monica, Catifornis, 1871,
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- The MITRE Corporation is currentlw denmnstratmg the feasibility of mtecactwe, compmer-eommlleﬂ
television systems for home use. 0 They have coupled a cable television system with a computer to demonstrate
the feasibitity of using a standard tefevision receiver for home computer driven displays for homes in the new
town of Reston, Virginia. Cable television permits two-way conferencing, The home user communicates with
the computer through a touch-tone telephone. Lessons are addressed directly to his television receiver and he
may use his touch-tone phone for caleulations or answering questions “he demonstration includes the home use
of 27 lessons for fourth grade acithmetic drill practice. A simple computing language, Ms. Computes, is also
availabte for writing student originated programs, Since cable television permits two-way conferencing, the
teacher may work duectly wexh students at home dunng the day or conduct aduﬂ edmatlon in the ewemng.

it is foreseen- that 2 000 individual homes may he served fora nommal manthiy fee The home user will be
able to shop remotely by television. He will be able to receive his mait automatically by diating his pose office '
box number. His salary will automatically be deposited in his bank account by his employer and he will be
natified through his telgvision set. Upon his authorization, bills such as mortgage payments will automatically be.
transterred to his creditors. The computer controlled television will display this information and he may take a
‘polaroid snapshot for ahard copy receipt. The system can provide fire and security monitoring. The user will be
abte to interact directly with his doctor and thereby reduce the number of office calls or home visits. He will afso
. be able to make home movies using a smalt {ov: cost video camera and {ater play it back through his home
receiver. Demonstrations of these services are currently being conducted at Reston, Virginia,

V. COURSEWARE AND TRANSPORTASILITY

Based upon a number of NSF initiated studies, it became clear that cour eware was a criticat problem.
EDUCOM, using 35 experts in a Delphic seminar, concluded that the most c.tical factor inhibiting the use of
instructional computing was not cost but the fack of good, readily available computer-based educational
materials.?? This led us to initiate a more purposeful attack upon both the short-range and longrange solutions to
courseware development and transportability problems.

First, we initiated a statc-of-the art study to determ, .~ what existed and how useful 1t is. Second, for the
short run, we emphasized the development, documentation and testing of existing, but yet unpublished packages.
Third, for the long run, we supported the development and analysis of experimental models for creating incentives
and transportability in order to better understand the characteristics of this rapidly changing field, We have
encouraged interdisciplinary conferences for diffusion of computer-based instruction through hands-on experience
and face-to-face discussion, with curriculum developers. Finatly, we continue to develop computer courseware for
classroom use.

Strategies for Curricular Development

The Human Resources Research Organization (HumRRO) of Alexandria, Virginia is conducting a state-of-
the-art survey identifying all computer-based curricula by discipline, level, language, machine, and instructional use.12
Compelling examples of computer-based instruction and associated costs of development have been identified.
Surveys of publishers and vendors were made. Currently, alternative strategies, their associated costs and conse-
quences are being evaluate. One recommendation HumRRO has made is the creation of a National clearinghouse for
computer-based materials for higher education.

10k anneth J. Stetten and Rodney K. Lay, ““A Study of the Technical and Economic Considerations Attandant on the
Home Dativery of Instructional and Other Socially Related Services Via Interactive Cable TV,” MITRE Corporation, McLsan,
Virginia, Decernber, 1872,

T Ernest J, Anastasio and Judith S, Morgan, " Factors inhibiting the Use of Computers in Instruction,’’ (EDUCOM:
Princaton, New lersey, 1972},

12R30bert Seidel, ot 8., " A Study of Computer-Based Curricula,” Human Resources Research Organization, Algxandria,
Mugtnn 1971, ‘

1308eph R, Denk, ‘CONDU#T A Concrets Pipoline for Software Starved Little People,” in the “Proceedings of the
1972 Conference an Camputers in the Undergraduate Curricula,” Atlanta, Georgle: Southern Regional Educational Board, 1972,

. L}
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_ Based upon our survey of publishers, ut became apparent that they were umnterested in devei:mmg and
publ_cshmg computer-based modules. Also, the most compelling materials used in classrooms were found to be
unducumented and only locally available. Further, neither institutional incentives, such as release time, nor
‘royalties were available to stimulate individuals to document, debug and test their programs. Through a grant
.\mth Dacrtmouth College a nationat search was made for exemplary materials in the environmental and refsted
sciences, The authors were invited to Hanover for the summer and the College provided computer time,
programming and editorial services. Standard formats were devised for student, teacher and computer
program materials, Publishers are being contacted about publishing an edttq;! series as 3 package. Through
special arrangements, both the suthors and Dartmouth may receive royalties. The project we hope will
accelerate the number of quality packages available and could create a commercial mode! for cw@riculum
develapment efforts which the College could pursue after the termination of the grant. e

) Trmspombsﬁtv Problem < CONDUIT

One of the most.serious obstacles that we face is the problem of trmsportablltty of wogm Programs
that run at one location are rarely avaifable on request and if available, seldom work elsewhere. One solution is
a National Academic Network which permits the field to develop but also permits others to have access to the
materials. Short of interconnection, however, standards must be sdopted to make materials compatible for a
variety of existing systems and machines.

‘ CONDUIT is a consortium of five regional networks involving 100 colleges and universities with an enrolt-
ment of 300,000 students.'3 It seeks low-cost solutions to the problem of transportability. Disciplinary
committees have identified 100 packages in eight disciplinary areas. CONDUIT-Central in cooperation with the
computer center director, and curriculum coordinator in each of the five networks have documented and
certified the instructional packages, established procedures and costs for transporting the materials and created
self-instructional video taped materials based upon workshop experiences and are moving the materials from
center to center and ultimately into the classroom for use and evaluation, An independent organization,
HumRRO, has devised numerous hypotheses concerning organizational structure, transportability, information
needs, training and accounting procedures and will eval.~te the entire system.

Conferences

The dissemination of information concerning computer-based curricula, is, at best, very difficult, From
experience, one of the most successful mechanisms for rapid dissemination has been through annual muiti-
disciplinary and disciplinary conferences at which users present and tryout on comp. “er terminals a wide variety
of materials. The annual Conference on Computers in the Undergraduate Curricula produces 60 to 80 published
papers on computer applications in approximately 20 disciplines and attracts approximately 1,000 attendees.
This year’s conference will Fe held June 18-21 at Claremont Coileges, Pomona, California. Disciplinary
conferences have been held in Physics, Chemistry, and the Humanities.

Courseware ’ -

The NSF Science Course Improvement Program is currently supporting a four year project on Computer-
Based Education (C-BE) at the University of Texas which is aimed at evaluating the impact of a critical mass cf
comput'er-based education on a broad range of academic subjects. Courseware will be developed in approximately
16 interrelated academic disciplines. The Foundation is providing 1.3 million dollars and the University is
providing a like amount to develop and use the courseware in the classroom.

13 50seph R, Denk, "CONDIUIT ~ A Concrets Pipalina for Software-Starved Littie People,” in the ““Procesdings of the
1972 Conference on Computers in the Undergraduate Curricula,” Atlanta, Georgla: Southern Regionsi Educationst Board, 1872,
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Vi. COMPUTER LITERACY
Approxunately 60% of the world’s computers are used in the United States, The United States is the prime
user and principal rroducer of computers and computer-refated equipment. Exports of computers are approaching
one bitlion dollars and with respect to balance of payments, the United States is the only net exporter of computers
in the world. A recent Nationat Bureau of Standards study found approximately 2,300 different apphcatmns of '
~ computing in husiness and industry. The computer is fast becommg a national basic industry.

‘ Wmle the pnmed test was smpor'ant to cmhzatmn because lt permmed marn to extend his immediate.
memorv and to accumilate his past expenences its true impact on society was not realized until there was a
titerate populace,

So it is with computers. The computer in its short-span of history has been one of the most significant
amplifiers of mun’s productivity. However, the widespread use of this powerfut tool may be limited by the tack of
public understanding and the public’s imability to see how the computer may benefit them and society.

A 1ecent AFIPS-Time Magazine study, “National Survey of Public Attitudes Toward Computing,” showed
strang public anxiety toward the computer.1® Approximately one-third of the Nation's adults stilf believe that the
computer is same kind of "thinking machine™ and has the power to think for itself. More than half believe that
- they are too dependent on the computer and that computers are changing their lives too rapidly. Fifteen peccent

believed that their lives are worse because of computers; this is twice the number who feel technology in general
“has made life worse.

Federal programs in science and technology aimed at making significant gains in productivity and the
general well-being of the public must also be concerned with public understanding of these developments. An
informed populace con better understand the strengths and limitations of new technological innovations such as
computing. The degree of “computer literacy’ among the general populace may be the limiting factor in rapid
technological advances and with it, national productivity.

A recent report 1o the National Science Foundation by the Conference Board of Mathematical Sciences
(CBMS), entitled "Computers in High School Education,” has also strongly recommended the development of a
“computer literacy” curriculum for secondary schools. 15 They recommended specifically the preparation of a
funior high school course in computer {iteracy; materials for an introduction to computing; materials for a number
of science courses; special programs for students with unusual aptitudes in computing; vocational education;
teacher training and the creation of an information clearinghouse.

Vii, WHAT IS TO BE DONE

While the fourth revolution is gaining ground, the current financial crisis in education offers a challenge and
a major opportunity to advance the educational use of computers to a new plateau and in the process increase the
quality of instruction whiile significantly reducing the costs. However, much remains to be done.

What we need s a3 complete system and a total curricula. Anything less will be costly and ineffective. At
many ocations, educators are still working with cast-off businass machines and providing rigid one-dimensional
instruction. Through the persistence of a number of educational innovators, we are on the verge of a ““first
generation” computer-based system, When this is accomplished we will have a medium without a message. What
is needed is a critical mass of quality materials — a total curricula. Then and only then will we be able to
demonstrate significant cost-benefits.

- RSO,

’4 "A National Srvey of the Public’s A!tuudes Toward Computers,” {Naw York: Time Magazine, Time Lite Suilding,
Rorkefallor Conter, 1971,

1B apcommendations Regarding Computers in High School Education,” (Washington, D.C,- Conference Board an the
Mathematcal Sciences, 1972,
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Marshall McLuhan argues that the electronic revolution is fotally new and is changing the very nature of
human perception and experience. In the age of television and computer, McLuhan says that we move into the
world of pattern recognition and out of the world of mere data classification. We cannot merely convert old

: orogrammed texts into-computer formats. We must retoot our curricula to take advantage of the new degree-
 of treedam the camputer offets Thos trend is already beeommg ewdent in much of the new cumcula.

We need a market mechanism te devefop and d:stnbute ms:ruetgonat material. Cumenﬂ\g, pubhshets !md
the dtstnbutcoa of computer-based materials uninteresting. Equ:pment manufacturers, especially in the mini-
‘computer fietd, find that the availabitity of computer-based materials is important in the sale of equipment
systems and they. have done a good job) in providing simple programs and materials. However, equipment is the
manufacturer s business — rot cumcular devetopirent. Therefore, uniess there are some maxor mergers between
- publishing houses and vendors we are unlikely 1o see the commercial sector play a vital role in education.
Education will have to create its own sganizarional mechanisms specifically designed to create, develop and
disseminate curricular materials or face the prospect of becoming the world's largest and most expenswe
cottage mdusttv

We need a new organizational mechanism to handle the new technology. John Gardner once observed that
most organiations have a structure that was designed to solve problems that no longer exist. We must go beyond
current arrangements if we are to develop. There are stitl no incentives to write programs on courseware which

-upgrade the quality of education or reduce the cost-psr-student hour of instruction. Writers seldom get royaities
or promntions and seldom share in any cost savings which may accrue to the University. Instructors are better
advised to write research papers in their discipline than to develop computer courseware. Educational
institutions who are serious about cost-effectiveness will eventually have to devise institutional rewards and/or
monetary incentives if they wish to reap the benefits of instructional technelogy.

While there is a revolution in technology, there is an even greater revolution taking place in education.
Just because we are on the right track doesn’t mean that we will not be run over by changing events, Obsolescence
is becoming a major problem in our knowledge society, The average man in the work force can be expected to
change jobs six or seven times in his lifetime. The half-life of professional man ig only abott ten years,

Paul Armer praposes the ""Paul Principle” which he contrasts with the “Peter Principle” ~ individuals tend
1o rise in organizations to their level gf incompetence.’5 The “Paul Principle” states that individuals often become
incompetent over time because they become uneducated or obsolete. He says that higher education is not ever
remotely prepared to take on the continuing education as a major task. He suggests that universities of the
future will operate somewhat like hospitals. They would admit students not just one of two times a year but
continuatly. On arrival a diagnosis would be made of the deficiencies in the student’s knowledge and the
educational process of individualized instruction wouid be designed to fill the gaps. Modern technology is
now capable of delivering instruction to an individual’s home, place of employment or any other location. Educa-
tion is no longer restricted to the classroom and must seek a new role in the knowledge society.

What is the Federal role in these developments? While there is no explicit Federal policy toward computing and
while it is difficult to identify programs with computing in their title, there are many activities being initiated at
the Federal level. The Federal prograni$ tend to favor innovation and research and tend to look at technology as a
. while rath.er than at comput.ers in particular. Currently, programs tend to focus on increasing productivity, that is,
improving quality while reducing costs. They seek to support projects which benefit many institutions and many
disciplines. Programs of institutional support, equipment grants and support for the acquisition and upgrading of
computers have been greatly reduced or completely eliminated. The acquisition and deveiopment of technology
and systems will fall to the States and to the education institutions involved.

How will this affect the future of computing? My prediciion is that the development of instructional computing
will follow the Xerox model. That is, in spite of the fact that the initial dry process copying machine was more
expensive than the wet processing machines, it was adopted bacause of its convenience and its ability to meet a

16p syt Armar, * The Faul Principle. When Technology Cutgrows Man,** Geriastrics, 28, No. 6, Dec., 1870, pp. 28-30, 34.
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compelling need. Similarly, computing is so compelling a tool that it cannot be stopped. How fast it will take to

develop and how expensive the development will be are the only guestions to be answered in the fourth
revolution.
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INDIVIDUALIZED, BOUNDED
LEARNING ENVIRONMENTS
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" THE TICCIT PROJECT:
DESIGN STRATEGY FOR EDUCATIONAL INNOVATION

C. Victor Bunderson |
Director of Computer Uses in Education
Brigham Young University

The term TICCIT refers to the MITRE Corporation’s “ Time-shared Interactive Computer-Controlled Infor-
- mation Television,” a hardware concept employing conventional television and cable tectmoloqies and minicom-
puters. Being derived from a hardware description, the term does not signal what we at Brigham Young University
- regard as the educational contributions of the project. The purpose of this paper is to place the hardware contri-
- butions of the MITRE Corporation in context with the educationat contributions and courseware design strategies
owhich have been evolving at Brigham Young University and to show how these strategies apply to the needs and
goals of the praject, including those of teaching community college English and mathematics more productively.

Experience in conference presentations, workshops and visitor oriantation to the TICCIT project has proved
to be difficult in conveying all of the essential features of this project to a new audience. The TICCIT project is not
iust another computer-assisted instruction (CAL} project; it is a hopeful but radical departure. Those familier with
existing CA! projects may be daceived when they attempt to apply familiar generalizations about hardware, CAl
languages, tutorial, driff, stimutation and other instructional strategies and utilization muodels to TICCI T—for most
of them do notapply. Those who have seen samples of “leamer control™ must be prepared to redefine their
understanding of this concept when discussing TICCIT. Taken alone, each innovation in hardware, software, course-
ware and implementation seems simple and natural enough. However, one must perceive if of these facets, working
in harmony toward educational goals, to understand all of this “elephant,” rather than ke the blind men, some
discrete part of it.

-

Somte History of the TICCIT Project

f TICCIT is indeed different, it is different because of the disciplined design approach to the solution of
educational problems and the interdisciplinary cross-fertilization betwesn the designers and developers at three
institutions, the MITRE Corporation, the University of Texas CA! Laboratory and Brigham Young University
(BYU). The systems engineers and computer scientists at the not-for-profit MITRE Corporation provided the
know-how in hardware and software development and integration. Unfike a manufacturer of existing hardware,
MITRE was not bound by the constraints of an existing product line. Education for too long has had to make do
with computer products designed for business and science and willingly marketed to educators as an instructional
tool despite the inappronriateness of the hardware and software capabilities. Unlike a laboratory at asingle
university, the system engineers at MITRE are experienced at the process of working backward from a problem
fo be solved in society at targe, 10 a concrete solution and seeing this solution all the way through to system
integration, installation and testing in a real-world environment.

Aware of its own educational and social-science limitations, MITRE tooked efsewhere for partners to specify
educational goals and strategies. The University of Texas CAl Laboratory, one of the older and more successful
of its kind, contributed a learner control philosophy and an educational design science approach. This included the
identification of needs, the specification of goals and the development of cost-effective CA! programs {courseware).
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A hybrid approach was employed which fell somewhere beiween the disciplines of computer stience and educa-
tionat psychu!ogy The Instructional Research and Development Department at BYU also contributed greatly 10
thns design suience approach and conttibuted a perspective that media hardware must be clearly a function of
instructional strategy, and that ofd mudels uf CAl, developed on yesterday’s slightly adopted business or
scientific camputer systems, may not teach effectively. The grdduate program in tnstructional Psychology at
BYU provided a cadre ot trained developers, researchers and theorists who ultimately contributed major thearems
of instruction-on-which the novel design of learner-controlled courseware was based. Most of the'key personnei -
- from Texas moved to BYU in 1972 to consolidate the courseware project, effecting & mitosis of the Texas CAl
Lab and transplantmq it at BYU as the lnstutute for Computev Uses in Educatton |

This paper takes the perspectwe herd by members of thls mterdcscaphnary grousv of mstructwnal psvcholo
”gist_s computer scientists, and others who have gathered to the mountains at Brigham Young University. Since its
establishment in 1972, the tnstitute for Computer Uses in Education {ICUE) has become a department in the
new Instructional Research, Development, and Evaluation Division {IRDE). This devision is one part of perhaps
the largest educational technology group assembled at any major university. A sister Production Services Division
provides production facilities in motion picture, television and any of the conventional sorts of media. A third
sister diviscon includes the library and leaming resousce centers. Computer-assisted instruction {CAt) is the
newest addition to BYU's learning resources capability. In addition to ICUE, the {RDE division houses instruc- .
tional evaluation, research and development activities not tied to any kind of media. The Department of Instruc-
tional Development 15 headed by Dr. Edward Green, The Department of instructionat Evaluation and Testing is
headed by Dr. Adrian Van Mondfrans. Coflectively, these departments are organized under an administration at
the equivalent level of Dean by Dr. R. frwin Goodman. These thee departments add a research and development
focus to the more conventionat production activities of the educational technology operations of 8YU. Research
15 enhanced by a graduate program in instructionat psychatogy, in cooperation with the Cellege of Education.
Dr. M. David Merrill heads this department. e
One result of the rich selection of possible media and methads and the instructional research and theory ‘
behind their use is that we place our group clearly in that camp which believes that instruction can be approached
as a design science and that the form of the hardware and software, not just the courseware, is a result of that
design science approach.

The design science approach to education now evolving at BYU and elsewhere attempts to appiy a discipline
within each of the following stages of design,

1. Analysis of Educational Needs

2. Specification of Project Goals {based on needs and values}

3 Design Strategies

Instructional Systems Design

Cousseware, Hardware, Software

Organizational Design {Roles for Teachers and Others)
Evaluation Desian

4, Realization of Designs in Hardware, Software, Courseware and an Organization of People and Machines

5. Sunsystem Integration and Testing {(for TICCIT, evaluation and revision of hardware, software and
courseware occurs at BYU during 1974} ‘

6. System Integration and Testing for TICCIT demonstration and evaluation occurs at Phoerix College
ang Alexandria, Virginig, campus of Northery Virginia Community Coliege, 1974-1876)

This paper is crganized into three sections according to the first of the six stages of the design process listed
above, L
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Analysis of Educational Needs

Few educators now befieve the wdealized mode! of the “systems approach” which asserts that the process of
inovation desugn beqins with an analysis of needs 1n society, narrowing to needs or problems in some class ot
educational institution, then denving goals from needs. This rational, ideal modet can only be approximated in real
life. Actually, & mopeet ke TICCHT begins when certain individuals become convinced that computer-assisted

“instruction (CAl has tremendaus potential to restructure and improve. education. These individuals are able to -
formulate a plan which is logically related to some real needs and are able to obtain resources to evoive and test
that plan. Extensive research on CAL was conducted at many CAl laboratories and centers, in universities, govern-
meot, wdustry and schools. By 1970 this work had established by data and argument that CAl could be extremely
eftective, efficiont and motivating, and that its cost could become guite competitive. The National Science Foun-

‘dation’s Otffice of Computer {incvations in Education, guided by the advice of experts, invested $10 miltion, -
starting in 1971-72, in two majur «amonstrations of CAL, One of these, the PLATO project at the University of
Himais uses 3 ipant computer with upwards of 1,000 student terminals of completely new design. Their approach

s e muvulp teachers with this resource, {eaving it up to the users to develop the instructionat designs and _
organtzational designs. No attempt 1s rnade ta restructure the roles of teachers in any major way. By contrast, the
TlCCiT project uses state-of-the-art computer and television technology. The hardware consists of two minicom-

Puters and 128 color TV student terminals. The hardware, software and courseware are reflections of 3 strategy
for restructuring education toward a learner-centered, individuatized maodel. Men and machines are organized to
serve as a source of help for students who are leaming and growing in a number of dimensions. The concept is that
computers cannot merely be added as an adjunct to teachers in present educational structures but that a larger
redesign must be undertaken, §n the werds of Peter Drucker:

The educators still talk of minor changes, of adjustments and improvements. Few of them see
much reason for radical changes. Yet education will in all hkelahood be transformed within.
the next decades by giant forces from without,

fr will be changed, first, because it is headed straight into & major economic criss, 1t
is not that we cannot afford the high costs of education; we cannot afford its low productivity.
We must get resuits from the tremendous investment we are making. . .

Teaching is where agriculture was around 1750, when it took some 200 men on the
farm to feed one nonfarmer in the town. W@;yave to make the teacher more productive, have
to mulliply his impact, have to increase greatly the harvest from his or her skill, knowledge,
dedication, and effort. . .{P. F. Drucker, The Age of Discontinuity, New York: Harper &
Row, 1969). '

Given a vision of what can be accomplished and the resources and opportunity to do it, a needs analysis is
the application of discipline in data coltection and rational analysis 1o guide broad design decisions, rather than
the process of inscribing focus and direction on s blank tablet.

The data collected had to focus on the following questions: Is higher education the most strategic sector of
education for the initial introduction of a CAl system designed for major positive educational impact and mass
~ dhssermination? Within tugher education are the community colleges the sector which initially can best be served
by systems like TICCIT? Will they prove more recepiive to this type of innovation? Ase the costs associated with
variou$ kinds of instruction in community colleges high enough that certain of them could be replaced by CAl?
What courses have the heaviest load of students, and the greatest need for indhvidualization and keeper levels of
temediation? What are the socially and educationally valid motives and aspirations of teachers and other educators
which must be served in a system wherein old roles are changed? What are the needs of students which must be
served by a man-machine system involving CAl?

Some data and analysis bearing on these questions is tocuriented elsewhere. For this overview, it (s su?ﬂciem
to ohserve thit higher education does have high costs, high volume and students who are free 1o take or leave CAJ.
It is sutfering from serious financial problems and social pressures which call for rapid and dramatic change. Within
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hu_tver educdation, community colleges are the most rapidly growimg sector. They are dedicated to tcaching students
and 1o new forms of community service, not graduah research Jnd are tarly receptive 1o innovative apin aoches to
JCLumphsh the‘w qoals

Within cominunity colleges, mstruction m Freshman and devetopmentat mathematics and Enghish.usually  *

accoutts far ot teast 25 percent of the total contact hours of instruction. A !acge‘pori:en ot this {about 80 per-
. cent ) coultt be served hy two modular systems of CAt lessons in math and English covering from 12 to 25 credat
" hours of mstruction, depending on how these fessons dre allocated tu course titles. Educatignal costs 10 commun

ity colleges avetage $3,26 per student hour, $1.50 in direct instructionaf costs. Much of this cost could potentaily
by replaced by a man-mactune CAIl systern with greater effectiveness and a potentially lower cost.

thmumw college students share with other students the desire for instruction which is relevant to thesr
needs and interests and respectful of their Time, They resent phominess, lack of preparation and artntrary treatment
on the j.art of teachers. On the othes hand, they value prodaztive human interactions v 1 eachers and other
students and few would like Jtl College insts uetion mediated solely by a machine. Op 1 ers oliment policies of

© community calleges introduce ftge numbers of Ltudents who are inadequately prepared in basic math and Enclish
skalls and thas ace unceady to take Freshmanoyat courses in these subjects, or other colt e courses which depend

on these shills, Besutes thew achievement diffic e s, many suffer from attitudes of avaidance toward study and
learomg, pooe study hatnts and attitudes that playe o the biamie on athers for not teaching them, rather thaa on
themselyes as the responsitile agents for persangt g ewth.

The matives of teachers are vared, The tneteef ORES are rewardvd try secing intetlectual and persongl qrowth
in individusas sluchents, by tearming and prodi sag «cholarship themselves and by perfecting their teaching skilis.
Those who fave they subjyect matter believe tie ¢ €an convey some of the impanderable values of a iberal educa-
tion - d reverence fur hpowledae and 11 skl expression, an exciternen? in ofs pursuit, an aesthetic Jehight 1 the
elegant, attractive nuances ol o .. ject, 3 discipline in problem solving ar schalarship. Teachers seek tair fecam-
pense for thewr labors, They value the respect of their Students, peers and administrators and community. Not ait
teachers are good teachers and not all motives for staying in the teaching profession are as laudatory as those just
mentioned. A man-machine system involving CA! should enhance the stature, infiuence and opportunities of

" teachers possessed of educationaily constructive motives and attitudes. it is probable that CAf can only be 3

smatl influence in this regard, but 1t should certainly be designed to be a positive, rather than a negative, influence,

IS

Specification of Project Goals p

Earlier pubhcaffans on the TICCIT project emphasized the cost aspect of computer-assisted instruction. A
pane! of NSF advisors, familiar with CAl and other forms of educational technology, had advised that f TICCIY
could be no mare effective than traditional forms of instruction and could dehiver this instruction at less cost, it
would be a major contribustion. A general goal of the project was then and stell 1s to create a “market sucovss”
so that after the application of government funds, private industry will provide efficient dissemination and
competition to further drive the cost down, < ’

Despite the more limited aspirations initiatly held by outside adwisors, the design science approach of the
TICCIT project started with a set qf educational goals that put cost i its proper context. brsiially, hittle could
be saud about goals which seemed too reriote to be accomphished. As the project evolveu, however, deagn strate:
gies became well defined. These strategies now nrovirde basis for optimusm that 4 more ambitious set of godls can
be achieved. That complete set of goals is discussed belovs.

The Derivation of Goals from Needs and Values .
In classi~al statrments of the systematic approach to mstructional development, gosls are derved trom the

needs of the institutions and the needs of individuals served by these institutions. Preferably these goals ate
measusable at least thraugh a lonqitudinal research study. 1115 clear to any thanking person that thes moded of e
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svstems appnmch 15 an ow:mrnpl¢!utm= Goals are denved as much ftom the phuosophy dnd vames of the
system’s designers as from the needs they serve, The needs must be. there, 1t is true, of the product of a design
_effort will- oot tre wsed. The gnal" shwould ndeed be assessable to assure they are achneved

{t 15 the exphcxt recognition and use of human goals and va‘ues however, ina ngomus empmca"y tased
pracess of design and’ development that provides the critical distinction between a design science and a natural
science, Herbeit Simon, in his little book of provocative essays.on " The Sciences of the Artificial” makes this
distinction. While he does not treat the design of instruction disectly as nne of the artificial sciences, he deals
with fearning and problem solving in this manner. It is clear from his book that he would consider education as - .

- one uf those disciplings which could more profitably be viewed from the perspective of artificial science than
- a5, natutal science-based field. We prefer the term ““Design Science of {nstruction” ta Simon's term. {t would

" be presumptuous to claim that we have developed a design science for instruction at this time, but it.is.appro-
priate to place the designers of the TICCIT cuurseware within that world-wide group of researchers who believe
~that Suc,h & scteme can be demtoped :

Thmc s & dwersitv tn values-amng the design group which generated learner-controlied courseware.
“Religious hackgrounds include Catholic and Protestant, Mormon and Jewish and a variety of degrees of othodnx\n
Yet there 15 a care ot commomvalues regarding the nature of man in particular, the rofes of students and teachers
. Rather than the mechanistic 0" (organism) of behavioral psymology we see students as agents, using that mean-

ing of the term which identities the student as one who acts and who has the power to osiginate action. The
student’s own goals and values shape his choice of actions and any description of his choice behavior must be in-
complete and deceptive without consideration of these constructs. It is felt that students gfow when given respon
sibility for their own chmces and that a system which deprives them of choice limits growth.

. Limits to intellectual and personal growth, for all practical purposes, are imposed by the teachings of the
student’s cuiture, His genetic inheritance provides broad limits within which growth may occur, and with different
degrees of rapidity. Educational institutions are now structured both to unfold human potential along certain
dimensions and to limit it in others, Treating this assumption as a value which shapes instructional systems design
rather than as an hypothesis to be weighted by the descriptive methods adapted from natuseal science has strong
operational conseyuences. If the limits to gromh are indeed far beyond what can be attained by present educa-
tional environments, then the designers of new feammg environments can expect quite remarkable quantum feaps
in student growth as better and better designs are found.

Any design for a new learning environment can include teachers only, or both teachers and machines. Ex:
cept in rather limited aspects of a total curriculum, instruction completely by machine-student interaction must
be incomplete and prabably largely unacceptable by students. Since the majority of a student’s life is involved
in buman interactions and education seeks to expand his ability to function with others, the process of education
as a total concept must involve human interactions as its dominant feature, The compbter is another technolog:cal
tool to enhance certain aspects of this process, those aspects which deal with information transmission and
processing and information management.

A-teacher can be both hero and villain, sometimes both, in the process of bringing about growth in students.
A teacher can destroy a student’s faith in himself and turn him away from learning forever, or break through
barriers that himit hus horizon and free him to growth. Teachers can learn to use computers and other toois to
expand thesr atwlity to instruct, to manage, to huild students and to produce scholarship. They can also subvert
systems which mvolve technology and quietly but effectively sabotage the potential of such systems. Some pro-
prosed roles for teachers who witl use systems like TICCIT are described below.

While «.e are considering the values which influence the design of TICCIT, it is sufficient to say that the
same values related to the process and limits of growth apply to teachers as well as students. Teachers are the
central agents in this process, and upon the way they defire their roles depends the success of the project and the
future of technalogy inexesting educational systems,
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No sttempt has beeni made to annotate the above discussion of values from the more than extensive litera-
ture of philosophy, psvchology and theology. No exceltence in these fields is claimed by the designers of the
TiccIr eoumewam only recognition of the powerful role of values in the process of design. Given the deccswe :
role of values in the design of systems like TICCIT, having great social potential, it would seem thata responsibihty
exists to make a least the more influential values explicit. Those mentioned above will be seen by the reader to
" be'implicit in the mumpsa goals for students and the goals for educatocs discussed be!ow.

wa@oa!:fotﬂcc{TComm I-hrdma Sofm&lmp!m

Table 1 summarizes the desagn goals. lt will be seen that thw are gmuped into the catsqones of institution,
content, individual student and educator.

5 T . TABLE 1
Ommm Design M
COST GOAL o,
$1.00 per contact hour
25% less time

Increase enroliment significantly

CONTENT GOAL

Smatli étep forward in content
Clarify objectives
Design for flexibility

GOALS FOR STUDENTS

~ 85% of students will achieve mastery
incressed efficiencies
improved strategies
Voluntary approach, reduced avoidance
Responsibifity

GOALS FOR EDUCATION

.

Define new roles in management-advisement
Stimulate teachers to demonstrate humane values in follow-on or coordinate instruction
Defire new professional roles in development

{nstructional research—computer as a tool

institutional-Leve! Goals

A. Cost Goals: We seek to reduce the cost of a contact hour of community college instruction in mathemetics
or English to somewhat less than $1 per contact hour, with no loss in effectiveness and with reduced contact time.
By reduced contact time, we mean that it is our goal to reduce the time it now takes a student to compiete equiva-
fent work in mathematics or English by some 2b percent or more.

This cost goal implies that the teacher-student ratio in the TICCIT courses will be reduced so that com-
puter-assisted instruction need not represent an add-on costs.



4 L . .

8. Enrofiment Goals: It is our goal Yo increase enroliment significantly. The quantitative definition of the
word. “significantly” is to be determined by the Educational Testing Service through its summative evaluation of .
the TICCIT project. We expect this increase 1o occur both through reducing attrition in the college as 8 whole and

“through increasing enrollment in courses given by computer-assisted instruction over any incresse which might
octur through traditional modes. If achieved, this factor could give administrators an option other than reducing
staff to achieve the cost advantages of TICCIT.,. Lo ~ : Co

C. Content Gobis: It was not our goal initially to innovate substantislly in curriculum content, We sought

an appropriate and accurate representation of the curriculum as now described by professional orgenizations in |
the fields of mathematics and English, in textbooks and as taught at community colieges. As the project has|
evolved, we hiave found the math content to correspond closely to standard texthook topics. In order to achieve
the more important effectiveness goals, the English content hes had to depart more substantially from conventional

- We seek a smafl step forward in mathematics content through encouraging colleges ta combine beginning and
intermediate Algebra into one modular system of instructiona! materials, and to replace the College Algabfa, '
Trigonometry, and Analytic Geomstry sequence by the “Math O Course”” as recommended by the committee on
the undergraduate programs in mathematics. In the Math O approach the student feams the concept of function
and sees it illustrated by the various elementary functions. ' ‘ |

. We seek a larger step forward in English grammar and compasition, primarily through moving toward a gena-
tive approach to composition, and through clarifying the objectives and structure of those subjects around an =~
internally consistent, generative thetoric. Our analysis of the objectives of English composition and grammar feads
to an apparent simplification in what “topics” are considered. Such an analysis does not map as readily into English
textbook topics as does the mathematics analysis, :

‘We expect to provide great flexibility through a modular structure in both mathematics and English so that
community college administrators and faculties can utilize these materials in a variety of ways.

Effectivenoss Goals for Individual Students

A. Aastery: At least BS percent of the students who take the TICCIT courses will achieve mastery, as
defined by the mastery tests at the lesson and unit levels.

B. Efficiency: Students will Anprove their efficiency in leaming from CAl by a substantial factor as mea-
sured between the first two and last two units of any course. We now have no good basis on which to meke a
quantitative prediction for the magnitude of efficiency increases. It stands as a design goal nonetheless, and is
expected 10 contribute to the decreased time of 25 percent or greater discussed above, Time saving is of value
to students, as well as to an educational system,

« C. Improved Learning Strategies: Learming strategies are defined operationally in terms of patterns of use
of the iearner control command language described in another section below. Improvement in strategies will be
measured by the extent to which the student’s efficiency improves simultaneously with the reduction in his
requirement for advice. '

D. Approach Rather Than Avoidances: The students will develop a positive attitude of approach rather
than avoidance relative to the subject matter in any TICCIT course. Attituds is measured in part by question-
naires given to the student from time to time, but is measured primarify by the extent to which the student will
voluntarily work on optional material. This includes AB level materials which are not required, and games,
simulations, “tidbits”” and other items which are not required. Approach can be measured in a gross way by the
extent to which students who take the Algebra course go on and take the higher level course. This assumes that
they would not otherwise have taken it. The same type of measurement can take place in English and can be
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' mﬂected at a'gross lml thmugh mcreased emoﬂment in the more advaneeu Enghsh courses not taught bv
TiCClT '

B Bspalmbmry Studcms amtude of responssbllstv towatd;kammg will inuease from the fcm .
unit to the fast unit, Whife difficult to measure, it is expected that the extent to which students meet scheduled
appointments can be assessed, as can the extent to which they exert continual effort toward achieving goals of
~ mastery and effsmency

The effectwemss goa!s for students are very mueh a func!-on of the Iemmtmﬂed COUrseware Concept
described below. Rather than being led step-by-step, gnwed by some all-knowing mathematical algorithm which .
makes decisions for him, a student is given a command language which allows him to survey freely, establish his
' own sequence within the constraints set by prerequisites and establish his own leamning tsctics. Learning tactics
are describred in terms of the sequence of rules, examples and practice instances a student sess. Itis only through
this tearner-controlied coursewsre strategy that we hope to be shie to hetp the studem achieve improvement in
all five of the effectiveness goals discussed above.

Goaisfandm:am N o . ‘ . .

A lom_rrang goa! of thls project is to maka a modest cuntnbutnm towsrd the enhancement of the profesion
of education toward greater rigor and discipline, in the application of empirically testable principles of instruction
and management. Increased productivity and increased professionalism is the key. The basis for new hope lies in
further development of a design science foundation for education and a refated technology of instruction. Com-
puters are a principal tool to édminister, manage, and design instructmn and to collect data relative to prescriptive
design tﬁemems

New roles for teachers and maodifications of old ones must bcmge before these long-range goals can be
achieved. Four whsch are of special interest to the TICCIT project ah! the following:

Manager-advisors for students involved in TICCIT eomses\and other technologically mediated systems.
Master teﬂchers. ("'-.

Designers and developers of courseware. )
lnstructidnal Researchers. \

I

Rather than elaborate on these roles in this section, they will be dtsc(qssed in the section on design strategy
after context is prmnded by a description of the hardware and courseware dﬁssgn

Strategies to Meet Design Goats \
4
Since the hardware and software design for TICCIT is so heavily influenced by the courseware, which in turn
is designed toward the effectiveness goals described above, the strategy for achi&ving the effectiveness goals will
be discussed first, foliowed by a discussion of new roles for educators. There wil\ follow a description of the hard-
ware design to meet the cost goals. i

Mastery i

The stragety to achieve the goal of student mastery is based on the application of instructional theorems to
the design of a modular courseware data structure. This data structure, or content sfructure, is separated both con-
ceptually and physically in the computer from the logic which implements instructional sequencing strategies.
Instructional sequencing strategies are largely left in the hands of the student, who is guided by an advisor program
to develop his own characteristics strategy and tactics
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The instructionat research and the pvopostmm or theorems denwd from it, wh«:h shaped me desugn of

the content components is described in Merrill and Boutwell {1973) and Merril! (1973), In the former paper, a

review of the literature on learning and instruction led to the develoobment of what is in effect a taxonomy of

, mstmwonat variatdes. By means of this taxonomy, any instructional sequence involved in complex cognitive

leammg tasks may be characterized.

This taxonomy mvo!ves three classes of variables: pfesentatwn form, mter-dxsplay relationships and
mathemawmc mfmmatnon

Presente'lon form may be of four types, generalstoes of instancea enher of which may be presented sither

. in expository in inquisitory form. The system deals primarily with concept feaming and rule using, 50 a generality
- is a definition of a concept, of a clear statement of 8 rule. An instance is an exampie of non-exsmple of a concept

or & rule in use. Expository means to tell, inquisitory ta ask. Inquisitory generalities {e.g., “define a concept™) _

- arerarely used in TICCIT, since memorization of rules is not sought and smce it is difficuit to analyze by com-

puter open-ended dehnmons or rule statements in naturat language.

. Mathemagenic mformatma is information whtch gsm birth. (gen-} to teaming {mathema-). This category
involves prompting and cuing and other attention-focusing techniques. Specific technigues include attribute iso-
fation (use of color, graphics, etc., to highlight key astrir ites), search strategies (step-by-step algorithm), :
mnemonic aids, and praduction strategies (heunstms v~ doie the production of studentmraud products, for

B exampleenwmten paragraphs).

Certain concepts of man-machine instruction devel.ped at the Texass {aboratory weve combined with the
Merrill taxonomy to devise the modular courseware st ture. These included the concept of hierarchically
indexed data structures and a command Cmginsge to move sbout within these structures. A set of content files
indexed within these structures was defined, Smca the content files were developed along the lines of the taxono-
my of instructional variables, the idea was tha sti.dents couid use the command language to sequence these fifes
themselves, thus manipulating instructional varlabies.

The TICCIT courseware is hierarchically o\gmmd into four fevels, These levels are represented to the student
by special displays that present the hierarchies, !m the topics, provide access to a standardized version of the objec-
tives and display status after the student has wked These ave:

Course Level: Course objectives and status d?splay {course map),
Unit Level:  Unit objectives and status displa\( {unit map).
Lesson Level: Lesson objectives and status display {lesson map)

Segment Level: Primary Instruction Components (rule, example, practice).

Objectives and Status Display (Map)

A simplified rap is shown in Figure 1. The screen displays a hierarchy on one side and topics on the other.
To survey, the student may look at the introduction {either a minilesson, a sequence of digitally generated dis-
plays, or a videotape). He may also type integers on P, Typing an integer followed by the OBJ {objective) key
gives a cartoon illustrating the segment objective, “’P" gives the prerequisites. STATUS is indicated by coloring
the boxes red, yellow or green to indicate trouble, uncertainty, or clear progress, Typing *"X” gives a similar map
for AB test, AB work, and games, simulations and other “fun options.”

At the course levs!, the boxes represent unit objectives, at the unit level, they reprasent lesson objectives
and at the lesson level, they represent segment objectives.
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To wermit the student access to any ievet of the coutseware. a ieamar control command keyboard was
designed, 1t is dtustrated in Figure 2. The ATTN key signals that a typed command is. forthcoming (e.g., logon,
fogoff, calculate) BACK displays the nmmedmtelv preceding screen image. SKIP permits by-passing a test item
and certain other functions, NQTE records a comment for the author and EXIT pops back 1o a level from
.which the student exited for some operation. The nine keys at the bottom of Figure 2 are involved in the learpet’s
control of his own learning tactics. The RULE, EXAMP, PRACT, EASIER, HARDER, HELP, and OBJ keys deal
with events within a segment while the MAP and ADVICE keys are more genemt

On a course or unit map when the student se!ects a box he pushes m “*GO" button and drops to the next
. lower map. On a lesson map, when' the student selects a segment, he pushes the “RULE”, "EXAMP" (example)
or “PRACT" {practice} button to interact directly with the content. Following any of these three buttons, he
may push EASIER, HARDER, or HELP to vary the mstrucuonat vauab!es which he may require for effective
learning.

From the tesson map illustrated in Figure 1 and from the primary instruction keys may be inferred the
various content files which compose the modular courseware data structure,

The three main primary. instruction Ieamer-contmt buttons are ra!ated to the presematmn form damension
of the taxonomy cf instructional variables as indicated in Figure 3. This figure also shows how the EASIER and
HARDER keys are related to inter-display relationship variables, and the HELP to mathemagenic information.

The function of the nine principal leamer contral command keys is as follows:

RULE Accesses ihe main generality for a segment, For a concept, this isa déﬁnition, forarule itis
a clear statement, for memorization it describes what is to be memorized.

EXAMP Accesses the next instance in a file of expository instances. The sequence of inntances is con-
structed 50 that matching, pairing, and other instructional variables, not appropriate fcr
student control, are built in,

PRACT Accesses the same instance file as EXAMP, but presents it in inguisitory mode, with necessary
answer processing. for student-entered constructed responses.

RULE may be followed by:

EASIER More concrete form of rule {an analogy). Simpler terminology.

HARDER More abstract. Technical notation and terminology.

HELP Mnemonic aids to remember the rule. Attribute isolation of key terms or characteristics using
color, graphics and audio. These displays may be followed by an information processing
sequence for using the rule or testing instances of the concept.

PRACT or EXAMP may be followed by:

EASIER or HARDER Shifts to easier or harder instances,

HELP Instance specific attribute isolation using color, arrows, sometimes graphics and sometimes
audio. Aids to recall the rule are presented first, followed by a step-hy-step watk-through of a

good information-processing algorithm for usmg the rule or testing the concept, specific to
this instance.



“EASIER and HARDER are typically “inter-display relationship" vasiables while HELP provides “mathema-
genic information." although this distinction does not always hold in the case of EASIER.

N Matchmg of examples and non-examples and a default sequence generally going from easy to hard and ‘

covering the necesssry range of divergency among the instances is built into the instance files and their control!mg
- logic, A principle in the design of learner control was that students should be given eonttol only aver those
vanables for which they had or could learn a basis for intelligence choice.

There are five bastc kinds of content files and additional mes for display formattmg and answer-proeesing

-Map files mclude the ob)ectwes and pterequssutes for survey, and the lNTRO content fo: oourse, umt and
!esson maps.

Generah't_y files provide for each segment a main generality, an easier version, a hasder version and a “help”
fite for the generality.

Instance files include for each segment a sequence of between about twelve and forty instances. The
instances are classified as easy, mediu™ and hard and are avaifable in expository or inquisitory modes. For each
instance, a help fife specific to that instance is available. In inquisitory mode, answer-processing and feedback is
available. Instance files may be defined by generative algorithms as well as by a set of discrete ite'ns.

Test files for each lesson are made up of instances similar to those found in the inquisitory instance files.
AB tevel tests are also available. Unit and course level tests may be provided, although they are often off-fine,

Fun options are games, simulations, tidbits of humorous or interesting information, and options 10 iook at
extra videotapes of interest. These are made available on the same map with the AB work, hopefully to induce
students voluntarily to choose optional work.

The fearner-control command language provides the student with a means to access any file with few -
restraints. He may be forced to listen to and look at advice if he is going astray, but he is never forced to look at
any instructional material that he does not select.

From the above description of courseware content structures, it is possible to summarize the strategy for
achieving the goal of mastery. Each student has an idiosyncrastic requirement for instruction on the various objec.
tives which constitute a course. Through the map displays and through the status reports using this map display,
he can select which objectives he needs and, within broad restraints set by the prerequisite refationships between
fessons, the sequence of objectives. Within an objective, which typicaily teaches a single concept or rule, students
vary on the level of atistraction, concreteness, difficulty, and the help they need to understand how to perform on
the practice items which test that obsjective. The tactical sequences possible by various students are untimited. The
stower students will need more EASIER displays and more HELP. They will probably need a greator number of
instances. Brighter students may use a discovery approach, focusing on the harder practice instances, They will
have fess requirement for HELP and for the alternate rule displays. Status reports signal the student when he has
achieved mastery, so that all students who can read the displays are assured that if they keep working they can
sventually reach a mastery state.

E fﬁceéncy — The careful analysis of content into learning hierarchies typically increases the efticiency of
systematically designed instruction in comparison to classroom instruction, since incidental material is deleted.
Furthermore, students can skip those objectives which they already know. At the level of the tactical sequences of
primary instruction keys within a segment, we also hope to improve efficiency Ly helping the student devise his
own characteristic plan of attack, modifying it as needed. The advisor program and status displays constitute the
design rechniques used to achieve this goal. 1t is expected that learner-controf will be less efficient, at first, than
would a skillfully designed adaptive sequence based on research and controlied by the computer. The hypothesis
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s :hat gwen adequate status dswlavs. a reasmabty good admof md pmctme studems can develop sku! m stmegv
and tactics which wilf exceed the efticiency possible through program control.

tmpmmd Straregies - Assunm that the arg and scienee of mmematicai modeling of the learning process
shouid evolye to the point where greater fevels of mastery and efficiency could always be obtained by computer -
- contro! than by learner control {(a possible future which we doubt will occur). Even then, learner control would
be preferred. The goal of improved strategies and its companion goals, improved attitudes of approach and res-
ponsibility, should not be subordinated to the quest for efficiency. :

Prevnous resean:h on teamef mmro! at the Unwemtv of Texas (eg.. Judd Bunderson and Bessew 1970)
did not seek to establish relationships between the avaitability of learer control and the growth in strategy
competence, approach and responsibility, The conception of learner controf was too narrow, both in relation to
the outcomes of learner control and the means to implement it. The available CAl programs were tco shoft in
duration for much skill in fearner controt to develop and the courseware data structures lacked the modularity anw
the relationship to instructional variables inherent in the TICCIT courseware design

A hroadef concept of learer control requires better answars to the questions: What is to be controlled?
How is it to be controlied? On what basis do we expect the student to learn to contro! it7 The taxonomy of
instructional variables described above gives a framework for answering the first question: The student should
have control aver instructional variables which can make a difference in his leaming. The variables reviewed and
classified in the paper by Merrill and Boutwell {1973) were divided into those which could readily be manipulated
by the student and those which, at {east for now, shiould remain under the contro! of the authors and the
computer,

The resufts of this decision process are described above in the discussion of the MAP toge aﬂd the primary
instruction commands,

How are these variables to be controlled? Earlier fearner control researchers had relinguished control to the
student tn a fairly ad hoc and non-systematic manner. Because of the lack of separation of strategy and content in
the vanious tutoriat CAf languages, choice of options was thrust unexpectedly into the hands of students ot content
specific decision points, A more rational approach developed in later years {Schneider, 1872}, but these approaches
were still imited in the range of variables placed under student control, The TICCIT design for learner control
viewed student-machine interaction as a communication process requiring a formal command language—a langu-
age related to the varniables which affect leaming,

A maodei for studeni-machine communication developed by Pask {1967) provided one source of inspiration
for the learner contro! command language implemented in TICCIT, Pask asserted that ali communication between
student and computer can be described as taking place in one or more special fangua ws. The flow of instructional
information sequencad according to fixed algorithmis within the computer, and the answers to questions and
problems entered by the student comprise what Pask calls the L.° language. Discussion about the instructional
process itself, and attempts by the student to control the process in some way, take place in L' . It is possible also
to define an L? fanguage in which control processes can be discussed and modified.

in the TICCIT system, we speak‘ of progressively higher levels of discourse, analogous 1o Pask’s languages.

Level 0 may be implemented primarily within the files of instances where students may look at worked
examples or may practice. Level 1 is implemented by means of the MAP logic and the primary instruction keys.
Level 2 is implemented by an advisor program, which refers 10 a set of student historica! data {monitor) and
communicates by reference to “status displays” at course, unit, lesson and segment fevels. The advisor also com-
municates through audio and through blue-colored visual displays.



The concept of a leaimer cuntrol command hhg:age and advisor which permits discourse between student
undd machine at all thiee of Pask's levels is the key element in the design approach to improve student strategies.
The elements missing from earlier implementations of su-called learner control were the instructional variable-

- related conwnands, the status displays and the advisor.

o Thesv kmm eiements pmwde an answer ta the quesuan. “(}n what basis may xhe student !eam ompmved
stratrgies?” Given nstructionally relevant cammands, well-defined qoals (objectives and tests on MAP displays),
Jind status reports which reveal the discrepancy between present status and desired status, students have the
nformation necessary to initiate strateqic and tactical decisions. The: availability of an advisor permits the student
1o reguest suggestions on which strategie or tactical decisions. might be appropriate at any time during the process
of instiuction. The advisor also monitors the student’s choices and oHers unsalicited advice abaut strategy on
tau 10y when the student departs from a generally useful modet.

Bv Medns uf the adwsm the goal s to help the student learn to use the status displays to guide his own
1uteation or strategic and tactival maneuvers, untit he become\ mdependmt of any requirement for advisor supvort

Fiqure & itustrates the tcur parts of a suawgy along wvth the commands from the {sarner control com-
: m.md language or from the MAP display which allow the stutdent to contraf each part of his strategy.

A survey is effected primarily through the use of MAPs at the course, unit and fesson levels. Anv map per-
mit. access to the introduction, videotape or minilesson, to the nbjectives, the prerequisites, and any rule display.
The student may survey any umt and lessar in the course freely, but he may not work on instances or tests un
any lesson for which he has not completed the prerequisite lessons.

‘Learning tacties occur within a segment, and use the primary instruction commands RULE, EXAMP, PRACT,
EASIER, HARDER, and HELP inv any seqiience, except SASIER, HARDER, or HELP must always be preceded
by RULE, EXAMP, or PRACT.

Testing tactics take place in the practice files for self-testing, and in the fesson and unit tests. Students get
three attempts at the tesson-level working tests. The students with higher aspirations or with greater approach
respanses may also elect on certain lessons to take the XTFA work. Trying XTRA provides another MAP with
fun options and more advanced concepts and rutes, An “AB"” feve! test is provided on the XTRA map for which
only ane attempt is permitted,

Review tactics are permitted at any.time. The stulent uses the survey and learning tactics commands. Within
4 lesson, review mode s identical to initial tearning with the exception that no scoring accurs and the advisar is
limsted to a few simple, genural comments about review strategy. -

Approach vs. Avoidance — What variables effect positive atfect toward learning a particular content? The
taxonomy of variables on which the TICCIT coursewasc was built is a classification of variables which effect
mastery leaming, not atfect. One point is clear: It is smpossible even to measure approach without permitting
tree choice, Voluntary choice is a requisite for the measurement of an affective objective {Lee and Merili, 1972).

The designers of TICCIT hypothesize that feainer control will also contribute to the development of
anproach responses. The XTRA menu is one means to implement this concept. The AB leve! test and extra work
s designed to be strictly voluntary. The extent to which students spend time on these materials is one possible
way 1o access the growth of approach responses.

Effective sstruction may be the most powerful variable in producing approach. A sense of accomplishment,
and a recognition of groving skifl at strategy and tactics may lead the student to choose optional work during
TICCIT instruction and ore: significantly, elect to take more advanced math or English courses not using
TICCIT, which he otharwise would not have taken,

97



 The intrdddctmv ﬁdéomws and miniiessom an des»gmd to produce a positive attitude toward taking
“each TICCHT lesson. In additicn, the use of colar, graphics and low-Key humor are designed to lighten the task of
fearning,

Respo:mbmty lee apnrmdl the gromh 05 a sensg of tespomubxhty is an nutcome for whu:h the con-
trolling variables are not well understood. The modular design of TICCIT, with its clearly defined outcomes of
mastery and etficiency, provides an opportunity to chserve variations in indices related to responsible use of

. time and resources. The extent to which appointments are scheduled and kept provides a gross measure. Day-to- -
day ﬂuctuanms in eﬂmmy prowde a more fine-grained meoasure,

The desngn strategy is based on the assumptton that growth in rmpmmbulmr occurs wim respmsibdsty |s
cleasly fixed and help is provided to assist the individuat to carry that respansibility. An over- riding tone pervades
the courseware and the advisor program. it says wordiessly that the responsibility of the authors is to provide
eftective, interesting instructional resources, and helpful advice. Thae responsibility of the student is to select
his own goals (at registration) to plan a sequence of subgoats and to apply himself actively to the task of achiev-
ing these goals. :

The training of proctess and teachers is a key aspect in the strategy to achieve improved responsibitity. An
increase in the student’s responsibility to control his time and his learing activities is accompanied by a decrease
in the teacher’s responsibility. The great lesson of parenthood must be tearned by teachers: To permit the growth
. of your children or your students, it is necessary to let go and permit free chaice. Freedom of choics means thet
the child or the student can choose a course that produces failure as wall as s course which leads to success. If
provided with sufficient information about the process that led to success or failure, the student can learn frons
his experience. Teachers and proctors must leam not 1o step in and rescue a student from an impending error, but
instead maintain a problem-selving nonjudgmental attitude and provide help when requasted.

in summary, the design strategy for effectiveness goals is based on a review of instructional variables effective
in compfex cognitive learning, particufarly in concept and rule leaming. Certain of these variables were put under
the control of the student by means of a learner control command language. The studént usss his language to
survey the course, plan an overall scquence strategy, for learning obiectives, developing specific learning tactics for
each abjective and developing his own testing and review tactics. Status displays help him focus his efforts and
make strategic and tactical choices. An advisor program helps him learn the command language so that his strategies
and his fevel of mastery and efficiency will improve simultancously. in addition, improved attitudes of appiosach
and responsibility are sought through global aspects of the courseware design and through the manner in which
teachers and proctors are expected to interact.

Roles for Educators

-

The roles of manager-advisor, master teacher, instructional designer-developer and instructional reseaicher
are not new roles. Good college teachers at many campuses now demonstrate all or most of the skills discussed
below in refation to the existing systems of instruction they deal withh. TICCIT may cause sharper definitions and
distinctions to be made in these roles and will bring to a head issues regarding the distribution of a faculty mem-
ber’s time acsoss various roles. The issue of incentives, both financial and professional, for time spent in new roles
will become especially cruciaf,

The manager-advisor rolg is a substantial departure from that of being the central figure in the classroom.
Management by objectives, as develtoped by experts in fields other than education, uses similar principles. The
teacher hetps the student se&ect goals and plan actions, evsluate the success of those actions, and modify plans
accordingly. The student grows by assuming responsibifity for his own goals and plans. The system of materials
in the computer is a resource structured both to facilitate goal setting, strategy planning, learning factics and
evaluation. The teacher is a source of help rather than a dispenser of information and a judge. The teacher and
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proctor training courses ta be developed prior ta implementation in the colleges are designed to help define the
new roles of manager-counselor. As noted above, this role is related to the gmmh of an attitude of responsxbshty
n students . F :

" Master Teacher— The TICCIT implementation plan does not include explicitly the role of master teacher,
for this must occur in more advanced courses which follow the basic TICCIT math and English series. Teachers - .
confronted with the idea of computer-assisted instruction fear that certain of the imponderable values of educa-
tion can never be conveyed by computers. Most of us have known an outstanding teacher who exerted a strong
influence on our lives, either as a model of the kind of person or professional we would like to become, or a5
someone who convayed a have for a particular subject ++; a creative approach which may have enriched our life
or even changed the direction of our career. Confrontett with a set of objectives for the TICCIT courseware, wi
any systematically designed instruction with measurable objectives, experienced teachers immediately fear mt
something important may have been left out. When the source of this concern can be defined, it often turrs out
1o be a matter of style or of professional judgment in a debatable ares. Sometimes it is a complex behavior, like:
creativity or advanced problem solving, which can best bsaddmssed in more advanced courses. Often it cannot
be defined or even clearly amculated :

L O

Computers demand the great discipline of making things exphcst and operauonal {f certain hard-to-deﬂne
values or goals are not taught by the TICCiT courses, at least now an-operationat definition of what these things
are pot will exist. Let the master teacher in the more advanced courses demonstrate in the lives of well-prepared
students what these values are. TICCHT thus offers a friendly challenge to teachers: Take the hopefully weli-
trained graduates of the freshman m‘éth and English courses who have demonstrated explicit operationat skms.
and convey to them the thmgs which the computer and the teachers in the manager-advisor m{e could not
convey.

The proper questions regarding computers in instruction is not ““Can computers replace teachers,” but
"For what subijects and students should instruction be carried primarily by machine, when orimarily by a teacher,
and when as a shared responsibility between teachers and machines.” By demonstrating courseware and orgsniza-
tional models in two subjects as diverse as high schoo! through freshman coliege fevsl mathematics and basic 4
coliege level English composition, the TICCIT project seeks answers to these questims.

Instructional Designer-Developer — It has been noted often that college instructors are not taught how to
teach. Yet even the extensive research in teacher education has emphasized interaction skms, and seldom deals
- with design and development skills, :

The invention of learner-controlled.courseware was accompanied by the concurrent development of a team
approach to the design and development of materials. These roles are described in greater detail elsewhere
{Bunderson, 1973). Briefly, teachers may serve as subject matter experts on such teams. Other professionals
receive training as instructional psychologists, who formulate strategies and who work interactively with subject
matter experts in content analysis and content component design. Technical personnel serve as design technicians,
evaludtion technicians, graphics specialists and coders or “packagers.”

One objective of this project is to provide documentation and iater training, so that others can organize
teams and develop courseware designed toward their own goals and values. -

2 «

The availability of TICCIT computer resources for new development alse offers teachers a8 new means to
achieve some of the values not accomphshed in the basic TICCIT couises. The computer can be used ¢or riodel-
ing, simulation and the devetopmem of small packages as adjuncts to the teacher in.classroom and laboratory,
especially in more advanced courses. This mode of camputer use hae been shown to envich great) J the edumtiong!
exreriences of both teachers and smdents By meeting the cost goals and thus potentially catalvzmg a mass
market, the’ TICCIT project can lead to the widespread availability of low-cost computvr resouices for teachers
and students interested in these adjunctive uses.
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Instructional Researcher — Research on human learning and instruction as it is practiced in universities con
- often justly bs characterized as being irrelevant to resl instruction. Applied research, on the other hand, may be
so content specific and situation specific as to possess no generality. The design science approach to instruction,
the modular courseware data structure, and the data recording facilities of TICCIT offer a middie ground,
Community college teachers, freed of some classroom responsibilities, can investigate the effects of instructional
variables, management variables, and social variables on any of a number of effectiveness criteris, with reat hope
of generality. This type of research has too much of an applied flavor to appeal to most educational researchers in
universities, steeped as they are in descriptive natural science-based research paradigms and philosophies. The
tield is open to undergraduate instructors to make the professional contributions they would like in research,

On the one hand, TICCIT provides instrementation unparalleled at most educational resesrch centers. On the
other hand, many college instructors have research training, are getting it in connection with graduate work’ at
nearby unwemtces or can obtain it.

The TICCHT project as initially coneemd made provision budgetarily only for the transfer of the manager-
advisor role 1o the faculty of the test colleges. This was to be done through the development of a teacher-pmctof
_course to be conducted at the colleges tmmediately follovsing the instaliation of the equipment and prior to the
full-scale demanstration. As the project has evolved, much interaction with the faculties of Phoenix Colisge and
~ Alexandria Campus has revealed the intimate relationships among all four roles. An implemantation pian has been
formulated and is evolving as of the date of this paper to provide details on how alt aspects of physical arrange-
ment, organizational patterns and role definitions at each college will be handled. No facuity will lose their jobs
at either college, regardiess of hoped-for improvements in productivity which may make a smaller staff feasible in
the TICCIT courses. Colfeges can greatly benefit by turning the talents of faculty into improvements in more
advanced course {master-teacher rale), new instructional development and instructionat research, but they must
establish the protessional and economic incentives and organizational structures to make this possible.

- Numerous institutional and sociclogical problems must be solved before state legislators, state boards,
trustess, coliege administrators and faculty committees on tenure and professional development will permit an
environmant in which the diverse roles and contributions discussed above can flourish. Such sociat and institu-
tional change is beyond the scope of the present project. As designers and developers, we can only convey some
ideas, design the system to provide the opportunities, transfer what information we have and root for the visionary
and courageous faculty members and administrators at the two colleges to find ways to ar.compinsh rewanding and
productive roles for educators,

- For those who fund the colleges, the idea that an institution-specific research and development capability can
pay for itself in faculty satisfaction, student growth and increased productivity will sequire much proof.

Institutional Goals

To achieve the low-cost operation projected as a design goal, the TICCIT hardware had to be unique. As s
non-profit systems engineering corporation, the MITRE Corporation was able to select from existing off-the-
shelf components. They picked minicowputers and television technology to mediate the TICCIT system. The
configuration consists of two NOVA 800 minicomputers, a terminal processor and a main processor, The terminal
processor handles communications with 128 colar TV terminals. it also provides keyboard echoing from the 128
- kayboards and formats and refreshes displays (a television image must be refreshed 60 times per second). These
. displavs‘ may consist of any combination of characters, representing symbols from any language. Special character
fonts may be created “on-the-fly” by a sophisticated display generator, This same display generator is able to
create digital graphics either of the mathematical function variety or of a free-form cartoon variety. Any of these
graphic displays, either character or pictorial, may be colored down to a resolution of % character in any of seven
brilliant colors. This color display and the graphic capability is exmzmely powerful for the prompting and cuing
aspects of instruction.
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ﬂ\e telensnon lermmal may a!so be used as a display medium for video-tapes, which may be switched from
F] bank ‘of videotape players housed at the centrat computer. The terminal processor handles this operation. The
terminat processor also retrieves the. digital graphics from a magnetic disk for display on the television sets and
retrieves digital audio from disks and sw,1ches 1t to the terminat,

The main processor accesses the farge data mses of cuntent files pmdueed by the authors and executes the
program logic. The operating system is designed around the educational requwemems generated by the demgn
goals and is more efficient for thus purpose than a qenera! purpose time-sharing system.

8y usmg these off-the-shelf compommts And mmummng new deve!opment the MITRE Cmporauon has
been able to keep. the cost of the 128 tern inal TICC!T system down 1o @ total cost which amortizes to less than -
45 cents per student hour for the hardware. The cost goal of the entire TICCIT system is to provide instruction for
tess than 81 per student hour for hardware, software, courseware arwd support personnel. By contrast, a contact -

. hour of instruction in a community cotlege averages $S3.26. This includes alt components inciuding physical plant,
fibtary and administration. These cormponents can be reduced by increasing the library and administration. These
compunents can be reduced by increasing the number of students which a given physical plant can support; how-
ever, the main target is the S1. 50 per student contacr hour of this $3.26 totat which represents the cost of
traditional instruction,

A major factor in achieving the cost goal is how the facylty role, faculty ratio and ratio of support personnel
is eventually defined. Depending on the organizational design, TICCIT can end up costing more or less than
trachitional instruction, Since computer costs will decrease, the major eeatuatlon should focus on the effecmeness
goais, which have received the burden of attention.in this paper. : : -

Design Strategy for Effectivmeds Goals

Previous research in CAL has shown that the avevage student typically finishes a block of instruction in any-
~where from 15 to 60 percent less time. The probable reasons for this finding include the ability of the student to
skip rapidly over that which he already knows, and move at his own pace otherwise. In addition, careful instructional
analysis simplifies the abjectives and structure over what is tsually taught in classrgom instruction, The modular
structure of the system, the large amount of freedom provided by learner control and the built-in attempt to
improve learning strategies are those desaqned features of TICCIT courseware which should tead to more rapid student
progress.

The goal of increased enroliment is refated to the attitudinal goa! of approach vs. avoidance. A positive
attitude toward both theTICCIT system and the subject matter conveyed by 1t can influence enroliment on both
the TICCIT courses andd those courses for which-they-are presequisite. ... . ... . R
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PLATO"

~ James Parry 7/

University of lllinois | %
Urbana-Chaanpaign :

t

The Computer-based Educatmn Heseﬂrch Lahoratow of the University of iitinois is dmretopmg the PLATO
1V system to provide high-quality computer-based education at fow cost. When fully implemented, the PLATO

IV system will consist of a large control computer facility simuitaneously serving several thousaéd remote users -

of gaph:cs terminals, with response times of a fraction of a second. The estimated cost per usefrwdl be fifty cents
per hour, cluding operating expenses such as communications charges, management, and amomzat:on of capitat
costs for the computer and the graphics terminals. The research and development effort over thk past twelve years
has resulted in important mnovataons in termmal and communications hardware and in system: and teaching
software, ‘ :

A sketch of the PLATO IV student terminal showing its major components is shown in figure 1. The heart
of the terminal is the plasma display panel, now being produced by Owens-lilinois of Toledo, Dhio. The panel
measures 8.5 X 8.5" X 0.5" and is transparent 5612 X 512 dot matrix display with inherent memory. Individual
dots can be written or erased withqut disturbing the rest of the display. Terminals incorporating plasma panels are
being built to PLATO specifications by Magnavox, Fort Wayne, {ndiana. These terminals contain character and
line generators, special keysets, input/output ports for external equipment, and interface elsctronics to 1200 bit
per second telpphone line. The terminal writes 180 characters per second or draws 60 connected lines per second,
using a data format of sixty 20-bit wards per second (a word typically contains three G-bit chacacter codes or one

~ 18-bit panel address). The character generator has 126 standard characters plus 126 characters whose shapes are

transmitted from the computer and stored in the terminal’s memory. Each character is an 8 X 16 matrix of dots.
There is room on the pane! for 32 lines of 64 characters. As of June, 1973, over 200 terminals arc connected to
a Control Data Corporation Cyber-73 computer. These terminals are tocated across the country and in Canads,
with major concentration in Champaign-Urbana and Chicago.

Computer-controlied accessories, also developed at the University of Hiinois for use in computer-based
education, are being used with the existing terminals. A random-access image selector projects any one of 256 full-
color images onto the back of the transparent plasma panel {access time less than 0.3 seconds). The images are in
a 16 X 16 yrid on a 4-inch square sheet of film. A random-access audio device records on and plays back from an
interchangeable 15" disk made of audio-tape material which hoids up to 20 minutes of recarded messages. The
access time of any of the 4096 starting points is less than 0.3 seconds. Tone reproduction quality is sufficient for
foreign language instruction, An input device defines a8 16 X 16 grid of touch sensitive regions at the display sur-
face through the use of light beams, When intersecting light beams are interrupted with a finger (or other opaque
object) the position is reported to the computer. Each of the accessories has been devsioped with reliability and
minimum cost in mind.

The novel communications technigue presently in use cuts transmission costs by synchronous packing of
information for ong thousand terminals into a standard television channe! {microwave or cable TV). This scheme
will permit the central computer to handle one thousand terminals a hundred miles from the computer at a
communications cost of tess than $10 per terminal per month for 24-hour-a-day dedicated service, Inherent
error rates are low, and error-sensing togic in each terminal permits the central computer to correct Blmost alt
transmission errors. The communications system is diagrammed in figure 2.

YAcronym for ’rogvammecl L. ogic for Automated Tesching Operations.
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The systems software is unusual in that no references to mechanical disk memories are made for student
~ while he studies a lesson. The lesson and the student’s individual status reside in Extended Core Storage. a

Controt Data Corporation device whose access time is 5§ microseconds and whose bfack transfer rate to the
computer's central memory. is 6000 million bits per second (A fast disk memory has an access time of 15,000
microseconds, and a transfer rate of 5 million bits per second.) These unique transfer characteristics pe-mit
greatly enhanced computer utilization {and lower computer costs) and fractional-second response times.
Lessans are compiled in such & way that all students studying a given lesson share a single copy. Another
unusua! feature is that, instead of waiting for “end-of-line”, every key typed by the studant passes through the
complete software system before causing some response at the terminal, even if that response consists merely
of an echo of the typed key on the plasma panel, The result is that the keyboard is completely redefinable by
the lesson author. While the system's primary use is to be direct education, the operating system also permits
conventional data processing at lower priority, including analysis of accumutated student response data.

Lessons for use on PLATO are written by teachers {(as opposed to computer programmets} in the TUTOR
author language. Several thousands of hours of lesson material have been written in TUTOR during the past
few years, The plasma panet terminal has permitted expanded graphics capabilities, including commands for
producing circles, arcs, special erase modes, variable-size characters written at arbitrary angles, etc. Powerful
and highty efficient natural-language answer-judging capabilities make it easy for authors to create sophisticated
diatogs with students, The computationat features exceed those of FORTRAN: caiculational statements closely

A mimic natural algebra {implied multiplication, superscripts for exponents, etc.}, and as in older versions of
TUTOR all calculations are compiled to machine code for rapid execution. TUTOR is rich in by anching and
conditional cotmmands. Some major components of the system software are themselves written in TUTOR.

initial classroom use of the system is occuring at the University of iilinois, and at public elementary
schools and community colleges in several cities in Illinois. Subject areas currently being taught include arithmetic,
Russian, French, Latin, chemistry, physics, biology, political science, veterinary medicine, economics, accountancy,
clementary reading, music, and engineering. PLATO IV is being developed with support for the State of Hiinois,
the National Science Faundation, the Control Data Corporation, the Advanced Research Projects Agency, and
¢ the Ford Foundation,
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THE PSI PROJECT AT THE UNIVERSITY OF TEXAS AT AUSTIN

James E. Stice and Susar M. Hereford
weere i meam - Aniversity of Texas
Austin, Texas

BACKGROUND

PSI stands for the “Personatized System of fustruction’” alse kiown as the “Keller Plan.” It was conceived by
Dr. Fred S. Keller, a well-known tearning psychologist and was first tried at the University of Brasifia in 1964 by
Keller, J. Gitmour Sherman, Caroline Martuscelli Bori, aivt Rodolfo Azzi. Keller and Sherman later continued their
develupment of the method ot Arizona State University? and their efforts were summarized in Ketler's classic
papei, “Goodbye, Teacher. . .”'2,

Briefly, the method renuires 4 teacher to make a careful analysic of what his students are to tearn in his
course, Having established the terminal and intermediate objectives, he then divides the course matevial into units,
each contamning a reading assignment, study questions, coflateral references, study problems and any necessary
mntroductory or explanatory material. The student studies the units sequentially at the rate, time and place he
prefers, When he feels hp Sas completely mastered the material for a given unit, a proctor gives him a “’readinass
test™ 1o see if he may proceed to the next unit. This proctor is a student who has been chosen for his mastery of
the course material. On the readiness test the sturdent must make a grade of 100, bhut if he misses only a few
yuestions, the proctor can probe to see i the questions are ambiguous and can reword the questions if necessary.
1F the student does not complete the test successfully, he is told restudy the unit more thoroughly and return
later for another test. He receives a different test form each time he comes to be tested. No matter how many
times 3 student is required to retake a readiness test, he is never penalized; the method requires only that he
uftimately demonstrate proticiency. All students who demonstrate mastery of all course units receive a grade of A,

The lecture s greatly de-emphasized a5 @ medium for information transfer, Lectures may be given at stated
times during the course, hut only to those students who have completed a specified number of units and can
therefore understand the material to be discussed. The students who qualify for a lecture’are not required to attend
them and the material discussed in the Jecture is not covered on any examination. Thus the lecture is used as a
reward. The professor gives his lecture on a topic he s personally interested in and about which he feels he has
something worihwhile 10 say. Those who attend come hecause they want to.

In various articles and presented papers, Keller has listed the following five essential features of the PSI
method.

1. The go-at-your-own-pace feature, which permits a student to move through the course at a speed
commensurate with his ahility and other demands upon his time.

2. The unit-perfection requirement for advance, which lets the student go ahead to new material only after
demonstrating mastery of that which preceded.

I eiter, Fred S.. " Engingering Personalizen Instruction in the Classroom,”” Revists Intersmer«ena de Psicologis,
vl 1, No. 3, 189.197 (1967},

2!(94&", Fred S, " Goosthiye, Teacher . . The Journal of Apphedt Behavior Analysis, Voi, 1 _No, 1, 79-89
{Spring 1968),

109



3. The use of lectures as vehicles of motivation, rather than as sources of critical information.
4. The related stress upon the written word in teacher-student communication; and finally:

5. The use of proctors, which permits repeated testing, immediate scoring, almost unavo:dabie tutoririg and |
a marked enhancement of the personal-social aspect of the educatmnai process,

PSI at the University of Texas at Austin

At the University of Texas at Austin, PSI was first tried in the Fall of 1966 by Carl F. Herefard, Luiz F. S.
Natalicio arid Walter Stenning. They used it to teach Psychological Foundations of Secondary Education and
although their course was quite successful {and has been taught as a modified PSI course ever since}, they made no
particulas effort to advertise what they were doing, As a result the campus at large was ignorant of their experi-
ment. Thus it was not until 1969 that PS was applied in another course st Texas. In the Fell of 1969 Dr. Billy
V. Koen, Assistant Professor of Mechanical Engineering, used PSI to teach intorduction to Nuclesr Reactor Theory,
a senior-level elective course. His effarts were met with a certain amount of administrative resistance, but Koen
persuaded his department chairman to give him some extra secretarial assistance and some funds to pay for the
reproduction of units and readiness tests. Mis course was decidedly successful and to ow knowledgo, it was the

- first PSI course in engineering taught anywhere.

Koen gave a report on his course at a Teaching Effectiveness Luncheon sponsored by the College of
Engineering in the Spring of 1870, and in the Summer of 1870 Dr. Lawrenca L. Hoberock of the Mechanical
Enginsering Department used PSH to teach Kinematics and Dynamics of Mechanical Systens, His course was
also successful and in the Fali of 1970, two more engineering professors instituted PSt courses. Dr. Charles H.
Roth, Jr. of Electrical Engineering taught Digital Systems Engineering | and Dr. Gerald R. Wagner taught a
graduate course in Applied Statistics.

There now existed a nucleus of four engineering professars on the Texas campus who had experience with
the PS method. All had obtained results which were superior 1o those they were accustomed to achisving with
conventional instructional techniques and they were enthusiastic about PSI. They began to proselytize and gave
unselfishly of their time to acquaint others with the method. tn Spring 1971 Dr. Leonard M. Simmon, Jr., of
the Physics Department used PSt to teach Electricity and Magnetism. In Summer 1971 Mr. John J. Knightly and
Mr. John L. Sayre of the Graduate School of Library Science taught a PSI course in Basic Reference Sources. in
Fall 1971 Dy, John M. White taught Principles of Chemistry, Dr. Paul E. Nacozy of Aerospace Engineering taught
Engineering Computation and Dr. Robert D. Brooks of Redio-TV-Fitm taught Audio Environments using PSI.
All these course developers sought and obtained the advice and counse! of the original four “experts” from the
Coftlege of Engineering and all obtained good rezults and are still using the Keller Plan to teach these courses.
in succeeding semesters the number of PSI courses has continued to increase, until at the present time we can
identify thirty courses which are taught in 15 departments in six colleges {for a chronological list of PS}
courses developed, see Appendix),

The Alfred P. Sloan Foundation Project

Continuira development of Keller Plan courses began to run into snags. Classroom requiremsnts and cost of
reproduction of materials, proctor salaries and unusual grade distributions began to focus administrative attention
on our activities. This attention was not necessarily hostile, but we were becoming pretty visible and department
chairmen and deans had m- '+ requests for funds and budgets to balance. They began asking a number of valid
questions {which had p . ousiy already occurred to us). We also wished to see the development of new courses
continue in an orderly fashion and wished to be able 10 achieve some control over their quality. Thus we began to
explore the possibility of attracting grant support to sid our project. Our early efforts were unsuccessful, but the
Alfred P. Stoan Foundation of New York City became interested and they uitimately funded a two-year program
which had two purposes: the development (or redesign) of twelve PS! courses and the evaluation of course data
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The courses to be developed under the grant are:

t. Introduction to Nuclear Reactor Theory — B, V, Koen (redesign)
2. Dynamic Systems Synthesss — L. L. Hoberock {redesign}
3. Engineering Statics ~ P. E. Nacozy and W. T. Fowler (redesign)
4. Principles of Audio and Visual Praduction — R, D. Brooks {redesign)
5. Principles of Chemistry —~ J. M. White (redesign)
6. Structural Dynamics ~ R, R, Craig
7. Design of Structural Systems in Timber — D. W. Fowler
8. Process Analysis and Simulation — D. M. Himmelblau
9, Efectrical Engineering Labiaratory § ~ €. H. Roth, Jr.
10. Electronic Circuits t — W. M, Clark
11. Basic Library Cataloguing and Classification — Mrs. Billie G, Herring
12. introduction to Enginecring Analysis {Pre-Caiculus Math} — G. R. Wagner and Mrs. Nancy Hamilton

The questions for which answers are heing sought:

a. Do students learn more (or bette ) with PSI?

b.  Are the higher average grades in PS! courses justitied?

c. Does a PSI course resuit 1 a siginvificantly different long-term retention of course content by students?
' d.  Does PSI cause students to fearn how to study?

e Are PSI materials ransferrable?

f.  What are the costs of PSI courses?

g. How tan your course be designed to minimize procrastination?
h. How do we reduce the percentage of dronouts?

i.  What is the etfect of class size?

In addition to course development and study of the questions posed, the project includes a PSI Summer
Institute in engineering statics for community college teachers. Engineering statics is a core course for aff engineer-
ing students and it is normally taken during the second semester or the second year. Few community colleges offer
courses in engineering statics, either because the enroliment would be too smali, or because no faculty member is
qualified to teach it {there are few engineers on community college faculties). As a result, the community college
transfer may be at a decided disadvantage when he transfers to a four-year college or university to pursue an
engineering degree.

In an effort to alleviate this problem, Wallace Fowler and Paul Nacozy developed a PS statics course in
Spring 1973. In Summer 1973, they revised the course and taught it to 24 community college teachers from 16
states. The materials were further revised and have been distributed 1o the summer school participants, who are
using them to teach the course at their respective campuses. The participants at the Summer Institute were an
exceptional group, capable, conscientious, and enthusiastic. This part of the Sloan Foundation project will yield
information about Question ¢ {are PSI mateniais transferralbde?). It also disseminates use-tested PSI materials so that
the users are not required to develop their own courses. They in turn will be able to suggest further modifications,
based upon their experiences in the held.
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~ The evaluation phase of the Sloan Foundation project is under the direction of Dr, Susan M. Hereford,
" assisted by staff members of the University of Texas Measurement and Evaluation Center.

Trends in PSi-Related Resvarch

The conscientious introduction of any innovative approach to teaching necessitates that the instructor
channel increased amounts of his time into preparation for the course. The preceding description of the basic
operations of PSI courses should make it apparent that instructars chaosing to design and implement Keller
Plan courses typically find themseives with little time to devote to thorough and systematic evaluation of the
effectiveness of the merthod ar to research directed toward its analysis. Furthermore, it is well known that
instructors directly involved in preparing instructional materials or designing new educational environments
. frequently are unable to analyze them objectively because of their level of belief and personal involvement.
These considerations, combined with the relative recency of Ketler's published description of the method,
have limited research and evaluation activities directed toward systematic analysis of the instructional method
itsetf. Most published papers regarding PSt are descriptive of applications of the method to specific courses.,
Grade distributions, rates of student progress, unit structure of the course and students’ reactions are usually
reported.

Other literature describes the effects of various modifications of the methed, The impact of such modifica-
tions as the removal of self-pacing and the addition of interviews or oral exeminations have been reported.
Research comparing relative student achievement in PSt and more traditionally taught classes afso has been
reported. The general conclusions to be drawn from published reports of attempts to apply Keller’s system of
instruction and modifications of it are similar to those originally presented by Keller. Students appear to learn the
content of the course more effectively and feave the course having more positive feetmgs about it than is tvpscaﬂv
the case in classes taught by various lecture-discussion methods.

in his 1967 paper (1), Keller suggested that systematic research regarding elements of the personalized system
of instruction could begin only after initial problems invotved in instituting the approach had been solved:

The work done thus far to develop th's kind of
individualized teaching within the mass-education
framework of a large university has been aimed
mainly at estabiishing a base-line procedure. Once
this is done, it will be possible to begin assessing
the relative importance of some of the variables
involved, {p. 195) -

New Directions in the Evaluation of PSI

Keller's idea of “assessing the refative importance of some of the variables involved”’ implies an internal
approach to research regarding PSI. The evaluative approach in which PSI courses are compared with more
traditionally taught courses in terms of student achievement and effective response ssrves to establish and ensure
the credibility of the method and for this reason, should not be abandoned. The internal approach to evaluation
requires an analysis of the elaments of PSI and the interaction between those elements and factors present in
the general academic environment. Critical examination of some of the possible objections to the use of the
method is also necessary, as is an objective assessment of some of the claims made in its favor.

Research and evaluation activities are proceeding concurrently with development and implementation of
Ketier Plan courses at The University of Texas at Austin, with the major source of support at this time being the
$340,000 grant from the Alfred P. Stoan Foundation. Research efforts by the evaluation staff focus on individual
courses as well as on the project 2s a whole, At the level of the individual project, evaluation activities are designed
© primarily to provide the instructor with systematic feedback from his students and s proctors regarding his
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“devetoping course, More candid student responses are typically. obtained when data are coifected by persons not

_ directly associated with the course or the instructor. Obviously, data from each course will become part of th,
final analysis of the tatal project; however, in order to go beyond typical PSt evaluation efforts of the past, the
present study has been designed to cut across course, departmental, and onllege boundaries, thus focusing on the
methiud itselt and the crucial variables interacting with its application. Of nevessity, the evaluation effort incluttes
the search for new approaches to educationat research since Keller Plan courses by definition rute out many of the
sssumptions of traditionat educationat research strategies. One example of this problem is the consideration that
an instructional approach which Is designed so as to individualize instruction cannot be anahked completely bv
means of conventional group methods such as comparisons of class averages. The use of criterion- based testing

~ procedures rather than conventional normative testing further complicates the evaluatmn

_ Research and evaluation work regarding PSH caurses at The University of Texas at Austin can be conceptualized
in-terms of several major areas of concern which should be considered as supplements to rather than suustitutes for ‘
more traditional forms of evaluative comparisons which are r-greeding concurrently.

w Characteristics.

- One of the primary concerns of the PS1 evaluation project is the relationship between student chasacternstics
and the relative effectiveness of PSI courses. Experience has made it clear that certain students are simply unable
to function adequately in a PSi learning environment. A combination of experience and intuition tells us that the
~ criticat factors here are probably not intelfectual variables. Given an adequate levet of inteflectual functioningto
cope with college level learning experiences, an individual’s response to PSI seens to be related to such attitudinal
and personality factors as autonomy, need for interpersonal competition, need for affifiation and motivation to
earn high grades, Various aspects of a student's background and current life style may also influence his response
to-Keller Plan courses. We are currently investigating the relationship between student vesponse to Keller Plan
courses and background variables, concurrent situational varisides such Jas marital status, employment, fiving
arrangements and preferred place of study, and attitudinal variables such as general acceptance of education. We
are also attempting to determing whether students who express initial reservations about taking a course taught by
the Keller Plan do in fact perform more poorly than they would be expected to perform as a function of their
acatdemic aptitude and grades in other subjects.

~ The major goal of this study of the relationships betwcen student characteristics and instructional outcomes
under the Keller Plan is to obtain data which may assist in future differential placement of students in courses
which represent optimal tearning situations for them, As the number and variety of available instructional strategies
increase, it seems appropriate and necessary to attempt to find relationships which will alfow students to be
assisted in choosing learning environments which will maximize the probability of their success.

The impact of the proctoring experience on students filling that role is also under investigation along with
an analysis of the characteristics of students who become successful proctors, It is predicted that the proctoting
experience will be found 1o have impact beyond the reinforcenient of knowledge of the course content. For example,
proctoring may in some nstances stimulate a developing interest in teaching as a profession.

Cost and Time Factors

One consistently mentioned source of concern with regard to Keller Plan courses has been that they may be
_prohibitively expensive, particularly in the area of instructor time. In responss to this concern, we are attempting
to trace cost and time patterns through two or three offerings of o r3i course. It has been predsuied that cost and
time will be relatively high during the initial offering of a P$! course but will drop in subsequent semesters 10 2
level comparable to that for more traditional forms of instruction. A related consideration is class =ize, 1f 1t 1s
found that large classes con be taught successfully by one instructor and a group of proctors and assistants, stis
conceivable that Keller Plan instruction may eventually represent a reduction in the rcst of instruction.
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PS1 Within the Conventionst Academic Setting

. Many guestions about the fuasibitity of Keller Plan instruction bave been concerned with the interrefation-
ships of PSt cousses and the remainder of the curriculum. Questions of several types have been raised. Given the
high level of required proficiency, how many PS§ courses could a stutlent be reasonsbly expected to take during
one semester? Could an entire curriculum be built around Keller Plan instruction? If a student is taking several
traditional courses and one PSI course, will he tend 1o neglect the PSI course in favor of other courses having
schedules and precise time requirement . Can complete self-pacing be permitted within the constraints of the
semester system? Such fuesiions have impiications fnr student placement as well as curricuium descgn, therefore,
.thesr consideration is crucial to fuiure implementation of Keller Plan courses. ’

| One of the usual rer Jlts of placing a PS! course within a conventional curriculum is a relatively high drop-out
satein the PSI course. A period of procrastination usually precedes dropping out. A major research and evaluation
effort currentiy is being directed toward analyzing underlying reasons for procrastination and eventuat drop-out,

" Strategies for modifying PS! in such 3 wav as tc decrease procrastination and the resuiting drop rate are also being
- explored. Care must be taken in this area, however, since strategies found to be successful in reducing procrastitis-
tion and lowering the drop-out rate may also intmduce elements sufficiently aversive to violate the rationale on
which PSt 1s based.

Transferability

Whother 2 PSI course develdped.and refined at one institution can be transported to another institution and
used affectively has been another source of concern regarding Keller Plan courses. We are presently investigating
the effectiveness of the su.nmer institute which was described previously. Factors under investigation include
instructor characteristics, student characteristics and institutiona characteristics. The feasibility of transferring
PSt materials between institutions has a direct velationship to the issue of cost and time which was mentioned
previously. if transfer can be successfully accomplished, much duplication of instructor effort could be
elvminated,

. General impact of PSI on Students

Claims, usually based on theory or intuition, have frequently been made that the experience of taking a
PSI cour.e has a 135« Livnact on a »udent’s study 1abits and orientation as well as on his retention of course
matenal and subsequent academic performance. The present research and evaluation project includes an attempt
to ossess changes in study habite snd orientation and to monitor students’ performance in later courses, particufarly
those for which the PS1 course functions as a prerequisite.

tnstructional Objectives and I'S! Cffectiveness

it is well known that instructions! strategies must be desigied in such a way as to be congruent with the
educat - al objectives of the course. The types of instructional objectives {i.e., cognitive, affective and/or
psychomotor} to which PSi is best suited are under analysis. Resuits to date indicate that objectives in the
cognitive and psychomotor dumains are most consistent with PS1 strategies. it is clear that the 100% mastery
criterion would be diffi~ult to apply in areas where correct responses to readiness test questions may vary as a
function of theoretical orientation,

Elements of PS!

It was mentioned previously that comparicons of P8I and more conventional forns of instruction typically
have indicated higher levels of student achievemegnt in PSI courses, as well as more positive student attitudes.
Althou1h somewhat limited at this time, because of the newness of the project, our data indicate similar trends,
It cannot be determined from such data, Powever, just what element or elements of PSI cause such improved
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performance. If, for example, seif-pacing and the use of prortors were removed, would the simple introduction of
a criterion testing procedure with a high required level of proficiency vield the same results in the area of student
achievement? Would the addition of proctors to a conventional teaching environment yield attitudinal improve-
ments comparabie to those found when all PS{ efements are applied? Obtaining data necessary for analyzing the
relative contribution of PS| elements is difficult since it necessitates experimental control rarely possible in
educational evaluation settings. Analysis of the retative contributions of the major etements of PS! to its general
success seems to have the greatest potential value in terms of research regarding the instructional method as a
whole. Such information, combined with that regarding student characteristics and the interaction between
educational objectives and teaching methods, would encourage the establishnient of empirical and logical criteria
for choosing among teaching methods and placing students in classes designed to facilitate their learning.

| Summer PS§ Symposia

in order to disseminate the resuits of the project, two Summer Sympasia will be held, These will ocour
during the Summers of 1974 and 1975 and plans are to invite approximately thirty selected educators to each,
paying their expenses. These symposia will last two to three days each.

Advisory Board -
/ ,
An Advisory Board has been appointed for this project, both to provide guidance m’/pro;ect personnel and

to serve as annther avenue for disseminatinn of results. The Board consists of six permanent members and
varying numbers of temporary members who serve as consultants in particular specialty ereas.

The permanent members of the Advisory Board are:

Dr. David G. Born, Professor of Psychology, University of Utah, Salt Lake City, Utah
Dr. Ben A. Green, Jr., Center for Personalized Instruction, Georgetown University, Washington, D.C.

Dr. Fred S, Keller, currently Visiting Professor of Psychology, Texas Christian University, F.
Worth, Texas {for:-..rly with Western Michigan University)

Dr. David T. Pratt, Associate Professor of Mechanical Engineering, Washington State Univers&v},
Pufiman, Washington ,

Dr. 4. Gilmour Sherman, Professo: and Chairman of Psychology, Georgetown University,
- Washington, D. C.

Or. John G. Truxal, Dean of Engineering, State University of New York at Stony Brook
Consultants who have served the project so far are:
Mrs. Amogene F. DeVaney, Profes,or «f Engineering and Mathematics, Amarilio College, Amarillo
Texas

Dr. Gerhard F. Paskusz, Professor of Electrical Engineering and Associate Dean of Engineering,
University of Houston, Houston, Texas

Dr. Bernet 5. Swanson, Professor of Chemical Engineering, Iilinois Institute of Technology,
Chicago, i,
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PSI COURSES TAUGHT AT
THE UMIVERSITY OF TEXAS AT AUSTIN

FALL 1966
Educational Psychology 3325 ~ Psychological Foundations of Secondary Education — Carl F, Hereford, Luiz
F. 8. Natalicio, and W. Stenning. This course has been taught each semester since. It is now taught
exclusively by PSI in seven or exght 50-student sections at a time, Cumact Dr, Hereford, Fruivssor of
Educational Psychology, 305 Sutton Hail.
FALL 1969

Mechanical Engineering 361E — Introduction to Nuctear Reactor Theory — Dr. Billy V. Koen, Associate
Professor of Mechanical Engineering, 418C Taylor Hall.

SUMMER 1970

Mechamical Engineering 324 —~ Kinematics and Dynamics of Mechanical Systems — Dr. Lawrence L. Hobarock,
Assistant Professor of Mechanical Englievring, 418C Taylcr Hall.

FALL 1970

1.  Electrical Engineering 360L ~ Digital Systems Engineering 1 — Dr. Charles H. Roth, Jr., Professor of
Electrical Engineering, 510 Engineering Science Building.

2.  Mechanical Engineering 361E — Intioduction to Nuclear Reactor Theory {repeat) — Dr. Billy V. Koen.

K} Mechanical Engineering 390R.1 — Applied Statistics — Dr. Gerald R. Wayner, Assistant Professor of
Mechanical Enginesring, 2018 Engineering Laboratories Building.

SPRING 1971
1. Electrical Engineering 360L — Digital Systems Engineering t — (repeat) — Charles H. Roth, Jr. and H. Kerner

2. Physics 416 — Electricity and Magnetism — Dr. Lecnard A, Simmons, Jr., Asst. Professor of Physics {Now
at the Univcrsity of New Hampshire)

SUMMER 1971
1. Electrical Fngineering 360L ~ Ditital Systems Enginesring | {iepeat) — Charles H. Ruih, Jr.
2. Library Science 340 — Basic Reference Sources — Mr. John J. Knightly and Mr. John L. Sayre. Mr. Knightly
is in the Graduate Schoot of Library Science at UT/Austin and Dr, Sayre is Librarian, Philips University,
Enid, Okiahoma 73701,
FALL 1971
1. Aerospace Engineering 211 — Aerospace Engineering Computation — Dr, Paul E. Nacozy {Assistant Professor

of Aerospace Engineering, 227 Taylor Hall}.
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Chemistry 302 — Principles of Chemistry — Dr. John M. White, Associate Professor of Chemistry, 1198
Chemistry Building.

Electricat Engineering 360L - Digital Systems Engineering | {repeat) — Dr, C. V. Ramamorrthy and Terry
A. Welch {Using Roth's materials),

Library Science 340 - Basic Reference Sources {repeat) - Julie Bichteler and John R. Wheat {using Knightly-
Sayre materials)

Mechanical Engineering 380R.1 - Applied Statistics (repeat) — Gerald R. Wagner.

Radio-TV-Film 341 — Audio Environments — Dr. Robert D. Brooks, Associate Professor of Radio-TV-Film,
2108 Social Work Buiiding. )

SPRING 1972
Aerospace Engineering 211 — Aerospace Engineering Computation {repeat) — Paul €. ivacozy.

Aerospace Engineering 367K — Flight Mechanics — Dr. Wallace T. Fowler, Associate Professor of Aerospace
Engineering, 227 Taylor Hall.

Architectural Enginearing 222 - Archutectural Engineering Comaiitation {repeat)  Kenneth Armstrang
{using Nacozy's materials), '

Electrical Engineering 2801 —~ Digital Systems Engincering | (repeat) — Charles H. Roth, Jr.

Library Science 340 — Basic Reference Sources (repeat) — Julie Bichteler and John R. Wheat {using Knightly-
Sayre materials),

Mechanical Engineering 380R.1 — Applied Statistics {repeat) - Gerald R. Wagner,
Radio-TV-Film 341 - Audio Environments {repeat) — Robert D. Brooks.
SUMMER 1972

Chemistry 354 — Physical Chemistry - Dr. John M. White, Associate Professor of Chemistry, 119B Chemistry
Building,

Communications 380 — Communication Research Desigr: — Dr. Jack L. Whitehead, Associate Professor of
Speech Communication, 214A Speech Building.

Etectrical Engineering 360L — Digital Systems Enginecring | {repeat) — William R. Adrion (using Roth’s
materials).

Engineering Mechanics 306 — Mechanics | — Dr. Wallace T. Fowler, Associate Professor of Aeruspace
Engineering, 227 Taylor Hall.

Library Science 340 — Basic Reference Sources {repeat) — Linda C. Schexnaydre {using Knightly-Sayre
materiais).
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.31

10.
1

12.

oL 1972
s Compatstion frapeat) - Paul E. Navozy,
S . : s e drepeat) - Wiaton E. Williamson {using Fowler’s materials).

Astreaioneny Gt oot A ey B Non Science Majors — Dr, William H. Jefferys, Associate

Poliessor o Astiong ny 15,318 Payses-Math Astronomy Building.

Astronoms 387V Luboratiey Methads o Astronemy — . R. Robert Robbins, Jdr., Associate Professor
of Astronomy, 17.212 Physics-Math-Astronomy Buiiding,

Chemical Engineering 202 - Introduction to Engineering, Dr. Eric Nutall, Assistant Professor of Chemical

 Engineering, 206 E. 2. Schoch Laboratories Bulding {using Nacozy's materials).

Communications 380 - Communication Research Desigﬁ {repeat) -~ Dr. Michzel R, Chial {using Whitehead

miater iads ),

Electrical Encireing 3601 - Digital Systems Engineering | (repeat) — Charles H. Roth, Jr, A. [ Weich, and
Siephen A, Urderwond (using Roth's materials),

Library Seierce 340 — Basic Reference Sources (repeat) — Jutie Bichteler and John R. Wheat {using Knightly-
Sayre materials). :

Mechanical Engineering 3644 — Dynamic Systems Synthesis — Dr. Lawrence L. Hoberock, Assistant
Professor of Mechanical Engineering, 418C Taylor Hall,

Mechanical Engincering 390R.1 — Appi:ed Statistics (repeat) — Gerald R. Wagner.
Physics 416 ~ Electricity and Magnetism {repeat) — Dr. Austin M. Gleeson (revision of Simmons’ materials).
Radio- TV -Fitm 341 - Sudic Environments {repeat) — Robert D. Brooks.

SPRING 1973

Arrospace Enqineering 311 - Aerospace Engineering Computation {repeat) — Dr. Paul £. Russel! fusing
Nacozy's materials),

Arrospace Enginenrirg 265 — Steuctural Dynamics — Dr. Roy R. Craig, Associate Professor of Aerospace
Engioroning, 3430 Engraevring Science Building,

Aerospace Engreaning 367K - Flight Mechanics {repeat) — Walton E. Williamson {using Fowler’s materials).
Astronomy 308 - Descriptive Astronomy for Non-Scicnce Majors {repeat} — Dr. Michael Breger.

Chemical Engineering 202 - introduction to Engineering {repeat) — Dr. Robert S. Schechter and Mr. A. T.
Kott {using Nacozy's materials).

Electricat Engireering 360L - Digital Systems Engineering | (repeat) - Dr. Stephen A. Underwood and
Dr. N G, Raj-Karne {using Roth’s materials), '

Engineering Mecharics 306 - Engineering Statics — Drs. Wallace T. Fowler and Paul E. Nacozy.
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9.

10,

11.

12

Library Science 380 Baue luformutar Soep oo frepeatt bilee Bachteter and John R, Wheat {using
Knightly -Sayre mate wilsy

Ladsary Sosence 391 Hawee 7ot 0 v sy B v e Merving, Assistaee Profoaas
of Librdry Science, 4.224 Humaiities Reseasoh Conter

Mechamical Engineening 364L — Dynamic Systems Synthesis (repeat) — Dr. Lawrence L. Hoberack.
Physics 416 — Electricity and Magnetism {repeat) - Dr. Herman Woiter {Gleeson’s revised mazerials).
Astronomy 383 — Fundamental Astronomy (Giaduate Course) — Dr, Witliam H. Jefferys.

SUMMER 1973

Etectrical Engineering 321 -- Electrical Engineering Laboratory | ~ Dr. Charles H. Roth, Jr., Professor of
Electrical Engineering, 510 Engineering Science Building.

Electrical Engineering 360L ~ Digital Systems Fnaincering | (repeat) — Dr. Stephen A, Szgenda {using
Roth’s materials).

Enyginseering Mechanics 306 — Engineering Statics {repeat for PSI Summer Institute for Community College
Teachers) — Wallace T. Fowler and Paul E. Nacozy.

Library Science 340 -- Basic Informatios Sources {repeat) — Linda Schexnaydre and Charlott Roach
{revision of Knightly-Sayre materials).

Library Science 351 — Basic Cataloguing and Classification {repeat) — David Shinder and Maurice Leather-
berry {using revision of Herring materials).

FALL 1973
Aerospace Engineering 311 — Aerosoace Engineering Computation {repeat) - Dr. Paul E. Nacozy.

Aerospace Engineering 367M — Flight Mechanics {repeat, being given to three students as independent study
course} — Dr. Wallace T. Fowler.

Architectural Engineering 362L — Design of Structural Systems in Timber — Dr. David W. Fowler, Associate
Profcssor of Architectural Engineering, 310 Taylor Hall. '

Astronomy 108K — Practical Astronomy (Laboratory Course} — Mr. Tom Connell and Mr, Alan Kiplinger,
Teaching Assistants,

Astronomy 308 — Descriptive Astronomy for Non-Science Majors {repeat) — Drs. William H, Jefferys and
Michae! Breger {three sections).

Astronomy 367M — Laboratory Methods in Astronomy {repeat) — Dr. Paul Vanden Bout.

Chemical Engineering 202 — Introduction to Engineering {repeat} — Dr. Robert Mills (using Nzcozy's
materials).

Chemical Engineering 376 — Process Analysis and Simulation -- Dr. David M. Himmeiblau, Professor of
Chermical Engineering, 21 1A E. P. Schoch Laboratories.
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10.

LA ]

12

13,

14,

15,

16.

17.

18

19.

21.

Etectrical Engineering 321 -- tlectrical Engineering Laboratory 1 {repet) - - Dr. Charles M. Roth, Jr.

Electrical Engineering 360L. — Digital Systems Engineering | (repeat) - Drs. Stephen A, Szygenda and
Stephen A, Underwooud (Thvw stctions) {using Roth's materials).

Engineering Mechanics 306 - Engineering Statics (repeat) — Drs. Wé!lace T. Fowler and Paul E. Nacozy.

English 301 -- Freshman English Composition ~ Dr. Susan W, Wittig, Assistant Professor of English,
4 Cathoun Hall

Generat Engineering 304 - Introduction to Engineering Analysis {pre-catculus mathematics) — Dr. Gerald
R. Wagner and Mrs. Nancy Hamiiton, 112 Emgineering Laboratories Building.

Library Science 340 - Basic Information Sources {repeat) — Linda Schexnaydre and Julie Bichteler
{revision of Knightly-Sayre materials).

Library Seience 351 - Cataloguing and Classification {repeat) — Mrs. Billie Grace Herring.

Mechanical Engineering 335 — Probabitity and Statistics for Engineers — Dr. Gerald R. Wagner, Assistant
Professor of Mechanical Engineering, 2018 Engineering Laboratories Building,

Mechanical Engineering 361E — Nuclear Reactor Engineering ~ Dr. Bilty V. Koen, Associate Professor of

Mechanical Engineering, 415 Taylor Hali.
Mechanical Engineering 3640 — Dynamic Systems Sy nthesis {repeat) — Dr. Lawrence L. Hoberock.

Mechanical Engineering 366L — Introduction to Operations Research — [, Charles 5. Beightler, Professor
of Mechanicat Engineering, 201E Engineering Laboratories Building.

Mechanical Engineering 330 R.1 — Applied Statistics {Graduate Course, repeat) — Dr. Bernard Most {using
Wagner’'s materials}. '

Radio- TV-Film 321K - Introduction to Image and Sound — Dr. Robert D. Brooks, Associate Professor of
RTF, 2108 Socal Work Building.
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COMPUTER-BASED HIGHER EDUCATION: A FIVE.-YEAR RESEARCH PROGRAM

Duncan Hansen
Memphis State University®

INTRODUCTION

if the CAl researchers who began the initial systoms in the early 1960's lad envisioned the contents of a

current technical report, the image of the table of contents would have centered about “the computer as the

- teacher.” The group mind set was framed about the vision of enriched, detailed, student-computer interaction with
leaninay vontrol via optimization. Now, in the light of a decade time tunnel, CAl investigators can report their
wrincipal finding: the context of computer-based training is broader than our original conception and profits best
from a management model for instruction. There is no singular way to individualize instruction to its optimal fevel
without employing some of the older techniques, siich as group discussion, or the newest ones, such as multimedia
split-screen presentations. This requirement for a broader multifacet approach to learning resuited from our facing
research as it evolved throuah study after study towards “‘the computer as the manger of instruction.” Using a
computer-managed instructional (CM1) model to encompass computer-assisted instruction {CAl), simulation
adaptive testing, natural language dialogues, media management, scheduling, record keeping and evaluation, the
potential of each of these components as training processes became most enhanced. This paper will report some of
the research developments within this C\V§ framework. ’

For purposes of review, the studies were organized into four categories: leamer strategies, 17aining strategies,
validation strategies and computer systems strategies. In fearner-oriented research, investigators sought to find the
students’ cognitive and personality processes reflective within computer-based training. Therefore studies included
rule learning behaviors, behavioral objective learning, memory, subjective organ:.«uun, anxiety and curiosity.
Thaose involved in training strategies studied effectivensss of computer-managed instruction, the possibilities of
adaptive testing and modeling and the uses of simulation and information retrieval systems. The focus was on the
design, implementation and evaluation of CM{ components, The area of validation studies led to the evolution of
an interdisciplinary team, an important ideational contribution in its own right, plus the role of CAI/CMI in
schools and DOD training. Computer strategies produced, over the years, insight into interactive systems, instruc-
tional management systems and data analysis systems.

B ought together, the strategies, the studies and the results lead us to repeat here, and throughout this
report, those themes which have led 1o profitable outcomes. :

1. A model of computer-managed instruction yields a sufficient, intggrated and cost effective approach to
learning/teaching.

2. The individual difference variables reflective of the behavioral prucesses of memory, anxiety, curiosity
and rule application are critically importart to a3 CM{ adaptive training model. The primary research need

is 1o extend the set of available indices reflecting training in {sarning behavioral objectives, graphics,

etc. :

1The research descrihpd was accomplished at Florida State Uiniversity, citations such as ““{TMS59)" refer to Technicat
Memorandums sued 1o infOorm the contractor of the work that was done.

N
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3. The selection and integration of media compunents and the requirements for optimal resource atloca-
tion of training clements (instructors, simulators, peer instructors, etc.) has received limited research
dttention and reprisents one of the promising areas of the future. )

4, The n,-qmwmeu;' o build subistantive liaison maodels between the educational system's feaders and
urnversity rusearchers s essential if the design characteristics and requirements of training on the one
hand and the theore ical concepts on the other are to merge in productive fashion. An interdisciplinary
research team was an exemplary model of this ligison procesz,

5. In reference to computer stiategies, the creation of management or central programs was highly
profitable and the need to create training-oriented management systems is of the highest importance.

We turn now to the specific elements and studies within the broad four strategy theme approach. Each
topie will e reviewed and suninarized by valid CAI/CMI conclusions. Statements as to needed future activity
will te emade topic by Touic,

LEARNER ORIENTED RESEARCH

The primary focus of CAl investigation for the learner strategy research was devoted to studying the internal
cognitive and personality processes of the learner while in computer-based learnina tasks. Studies of rule learning
behavior, anxiety and curiosity and memory lead to positive indications that these searches should be continued.
Results of research into the role of hiehavioral objectives in learning and into subjecave organization have jed
investigators to feel that these are less rewarding areas.

Rule Learning Behaviors

Probiably the most common type of learning undertaken by students is the acqussition of principles or rules.
By learning rules i a specific situation as one of a class of situations, the rule governed behavior of the tearner
permits more effective learning strategies that generalize to more than one situation. Because the tearning and
application of rules has been recognized as a very important component of education in general, a substantial
amount of research 1s currently underway by several instructional psychologists. From this research, several
generalizations can he made as to the composition of instruction #or cumplex rufe learning.

In this discussion of rute fearning behavior, 1t will be helpful to consider three interrelated concepts, These
are the rule statement, the rule and rute governed behavior. A rule statement describes the procedure to be followed
in performing a specific operation on inputs from a specified class of inputs to produce a specific output from a
class of outputs, The rule is considered to be the procedure or operation described by *,e rule statement. Rule-
governzd behavior 1s that behavior that would result from a student correctly applying the rule. The ambiguous
term "rule learming” mav now be divided into two appropriately descriptive terms: {a) learning the rule statement
which reters to learning to verbalize the rule statement, and (b} acauisition of rule-governed behavior which refers
to the correct application of the rule,

A replication study was implemented to investigate prior findings that rule statements presented in the
mstruction reduced the number of examples needed and total time required to meet a prespecitied criterion.
Further, presentation of rule statements increased performance on a transfer task and reduced the requirement of
reasonsing ability in tearning the task and presentation of objectives also reduced the number of examples and
reduced the requirement for reasoning ability. The replication shower that presentation of rule statements
reduted the numbier of examples required to meet criterion performance, increased posttest performance,
reciced total tiume reaqured 1O meet criterion performance, increased retention performance, and reduced the level
of state anxiety wittun the learning task {TM59).
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A third study in this area found that the presentation of objectives increased the total amount of time spent
studying a rule leaming task {TMA47). The presentation of sample test items within the learning task reduced the
requirement for memory, but neither objectives nor sample test items had an effect on post or retention performance,

lmplications from these studies for instructional method in acyuisition of rule application skills appear to be
three foid:

1. Instruction should present general instructional objectives to inform the student as to what is expected
of him.

2, Presuntation of rule statement can prevent the “discovery” of an incorrect rule.
3. Presentation of sampie test items gives the student a chance for practice and immediate feedback.

Further studies revealcd that avaifabitity of prior examples reduced problem response latency and reduced the
requirement for reasoning ability (TM in press). A present investigation, currently being analyzed, appears to show
that memarization of work statements reduces both the number of examples and total time to reach criterion
performance on complex rule application tasks. However, no memarization effect has been found on the posttest or
retention test of rule application skills. hmplications for instructional development are {a) the requirement of
memorization of rule statements to facilitate the correct choice of a rule when more than one is being fearned,
and to aid 0 recognition of operational symbols if they are used: (b) the use of several examples to show the state-
ment instances of the corre<t application of the rule; and {c) the requirement of reviews if more than three rules
are being learned in one ses:ion to provide simulated testing and appropriate followup review instruction.

Future

in addition to apparently useful generalizations given for the developmaent of instruction for acquisition of
complex rule application skills, implications for fruitful future research in this area have grown out of the FSU
investigations. it should be ascertained what type of examples are most profitable presented to the student: non-
examples, examples, or both. A second line of research recommended is the investigation of design of rule learn-
ing materials dependent upon the abilities of the learner; this would contribute to the adaptive model research.
A final area which appear to offer promise is the area of optimal number of examples for presentstion before
sample test items. All of ticae studies relating to number of examples would contribute to a drill and practice
asdaptive model.

Behavioral Objective Leaming

Only in the lattcr part of the decade was research undertaken to examine expirically the claims made for
cbjectives in instruction. Of the approximately 35 studies conducted, about haif failed to confirm tise hypothesis
that providing students with objectives leads to increased leaming. Remaining studies showed facilitative effects
{TM45). The research on interactions between objectives and type of learning provided few positive findings. No
general conclusions can be Jound in the research which found a few significant interactions betwsen objectives
and learner characteristics.

investigations at FSU found that objectives significantly increased study time with no posttest ditference
between groups {TME1), and that objectives partially reduced anxiety without affecting performance (TM47).
The hypothesis that objectives add structure to learning as is done by advance organizaers was not confirined,
althcugh a main sequence effect was found (TM57). A further FSU study found that objectives focused learning
on relevant materials and deproessed incidental learning {TM66).

To generalize from studies overall, it seems that objectives can have an effect on learning. aithough this
effect does not appear to be as strong or as pervasive as originally assumed.
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Future

1t 15 anticipated that research on behavioral objectives will continue the trend away from expioration of
thew ettect on learning. The tremd will be toward exploration of interactions with task and learner chardacteristics.
'The explot ation of hypothesized cognitive functions which may be fulfilled by objectives in the fearning situation
is anticspated to grow, also. An example of this type of research is the mvestigation of objectives as an grienting
function (TMS57). Further research in these areas may prove more productive than that conducted to date.

Memory Research

An important capuacity for memory is the ability to discriminate. This is an idea which has been reinforced by
the research which we have conducted on directed forgetting. Important to ti. retrieval of some previously stored
event is that we be able to discriminate it from other stored information. We think voluntary forgetting is largely
a mutter of sharpening one’s capacity 1o discriminate between material which is 1o be remembered and that which
is not (TM19),

This way of tooking at things raised the question of the nature of memory storage. if one's ability to dis-
crumindte among memories is important, then perhaps encoding is in terms of dimensions which offer a basis for
discriminating among memories, and more specifically, in terms of the values of such dimensions. Just what these
dimensions are is unknown. The point is simply the probosition that events are encoded according to abstracted
features.

Ancther study {TM in press) investigated short-term memory {STM) prerequisites to development of more
comples mental processes. Of special interest was the possible differences between white, advantaged children
{6-7 years old) and black, disadvantaged children, Differences would seem to indicate that memaory characteristics
are not the same for these two groups.

The findings were also compared with prediction of three of the more characteristic information processing
models for STM: Sperting’s Visual STM Model, the Feigenbaum-Simon Computer Simulation Mode!, and the
Atkinson-Schiffrin Model. 1t was found that some of the resuits could be incorporated into the structure of all
the models, but that no one model could account for all the findings. An alternative model was developed which
included an 1Q parameter, 3 more complex rehearsai process, and an operational representation of organizing
strateqies, ¢

Our conclusions for both the directed forgetting and STM childhood research are that they both indicate
possible individual differences which could be useful in adaptive instruction. It is necessary to continue research
to fully operationalize appropriate memory indices.

Future

in the near future of memory research, the computer will be used to construct theories and to simulate
memory performance rather than to assist in the conduct of experiments. This will be particularly true in the
areas of semantic and long-term memory. These theories are particularly complex and it will be especiailly useful
to simulate performance. By contrast, experiments to test such theories may be simple and fairly easy to con-
duct with relatively unsophisticated equipment,

Subjective Organization

The purpose of the research on subjective organization (SO} was to determine if SO is a meaningful individual
ditference variable in the learning of verbal discourse. Furthermore, we thought to examine the relationship
between SO and other aptitude variables thought *o be important dsterminers of fearning from prose materials,

In order to accomplish this, a new measure of subjective organization had to be developed because previous
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‘measure had certam himitations wich were thought to mitigate against finding a meaningful relationship between
memory arganization and recall. Thus, as an outcome of this research, a new measure has been examined and
partially validated in relation 1o uther SO measures amd other individual difference variables.

The bassc research paradigm was one in which SO and other measures were administered to subjects and
then those subjects were asked to tearn paragraphs which were organized in various ways. The results indicated
that high organizers are highly intluenced by the external structure of the fearning materiais and they tended to
misror that organization in their recall. High organizers, however, were able to reorganize the materials, but that
wis hot te theis advantage because of the time constraints involved. That is, high organizers actively sought
alternative refationships among the sentences, thereby reducing the amount of time spent memorizing them.

Three generalizations can e made on the basis of the studies which were conducted at FSU on subjective
orgamnzation;

1. it scems that the ability to recrganize material can be a limiting factor to a learner if sufficient learning
time is not provided '

2. Low organizers need to have learning materials structured to a higher degree in order for them to
learn effectively,

3. High organizers perform equally on materials of high and low structure.
Future
The conclusions of the investigations in this area indicate that future research should consider the following:

1. A practical, reliable, and valid instrument for measuring SO must be developed. In this regard, the
potential use of a computer for realtime presentation and scoring is promising.

2. Explorations on more complex instructional tasks must he undertaken on the finding that low
organizers need highly structured materials whereas high organizers perform the same on both high
and low structured materials. :

Continuation of research in these areas should provide instructional desiyiers with a set of findings which
would quide the structuring of textual materials such that the fearning of all students will be maximized.

Anxiety and Curiosity Research

Our investigation of anxiety and curiosity behaviors of a student while being trained was primarily focused
on the use of these personality indsces as predictors of optimal instructional treatments. While State[Trait Theory
nitially guuded our efforts, the subsequent inconsistencies between replicatable findings and the theory indiCated
its lumited role in a training context. The theoretical study of curiosity did provide us with a new framework which
appears to resolve many of these prior unexphcable complexities.

The development of State/Trait Anxiety Theory, based on Drive Theory, aliowed a number of derivations
for prediction of verformance relevant to computer-assisted instruction {TR6, TR7). At the same time CAl
seemed an exceilent vehicle for testing the theory (TR14). The results were not encouraging for confirming a
Drive Theory interpretation of State/Trait Anxiety. However, anxiety was shown to be an indicator of CAl per-
tormance and the thrust of research continued in this area {TM20, TM41, TM42, TM48, TM52). Studies included
anxiety effects on memory support, test taking, and interactions with response mode, subject matter familiarity,
and learning time,
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The important results indicated a consistent inverse relationship between state anxiety and learning, differ-
ential effects of trait anxiety especially as it revealed learner latencies, the complex role of memory aids and
response mades as facilitators under some conditions, and the complex functional telationship of anxiety,
curiosity gt tatencies, Thus tater finding could be o promising future framework for studying tatencies within
training, : : '

- In aditition, the anxiety theoty and research directly initiated and influented new work on state/ruit
- estemie curiasity (TR23, TM34). Curiosity provides an additional indicator of performance within instruction
and speciticalty T {he concurren: interests in adaptive instruction models resulted in postulating the value ot
these personality variables as usefut predictors in decision models for setecting alter native individualized treatments.
One study, utdizing regression techniques, especiafly found state anxiety to be a useful predictor for selecting
remedial instruction (TR27). ‘ v :
X

Fuature ‘ . )

H

K

For the fiture, we anticipate that the effart within adaptive models and the theory of anxiety-cusicsity
within traming will be highly fruitful. The use of anxiety-curiosity concepts to study response latencies may help
explain the lnghly variable results one tends to find,

Graphics Resoasch

In avder 1o einploy the recarch capabilities of computer presentation of qraphics m instruction, an initial
study at FSU provided the opportunity for devising ted\\iqyes to code graphics onto the cathode ray tube screen,
This general model of graphic encoding was then used to deve p studies of selection and sequencing of graphics
for realistic training materials(TM14). Further attempts to icarh the rules of graphic learning (TM24) demon-
strated that the search for such rules is difficuit, and can even be considered unprofitable.

Furthering the graphk:s investigations, FSU pursued research in mapping sentences on to graphics (TM60).
Studying this instructional technique provided data which was complex. More appeared to be going on in this
instructional situstion than could be easily interpreted by fearning theory.

Used as a teaching aid computer graphics nroved helpful in instructing engineering dynamics students in the
traditional stumniing block ~f Futer angles {TM18). Graphics proved helpful in assisting in visualization ¢ the
angles. Subjects also reported positive attitudes toward the instruction,

Future

Generaiiy, given current constraints, the search for rules in learning from graphics appears to be unsuitable
for study. As an aid in problem solving, graphics apparently lend assistance to learning; the experience can be
positively viewed by learners.

TRAINING STRATEGIES

A major investigation of computer-managed instruction was conducted as a priority in training strategies, to
study training effectiveness, and cost benefit outcomes. Further training strategies i the areas of adaptive testing,
adaptive systems, simulations, and information retrieval sysiems were also researched to various degrees. The
research, generalizations, and future trends arg described in the following sections.

Computer-Managed Instruction

Throughout the durastion of the contract there was a concurrent set of investigations m computer-gssisted
instruction {CAI1) and computer-managed instruction (CM1). The primary purpose of itw investigations of CMI
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wds o detesmune its traiming effectiveness and associated cost benefit outcome in comparnsornt with CAL st
other more conventional means of instruction, As pursued at FSU, computer-managed instracton viives the
following:

B diagnostic assessment and the dssignmélt of mdwidt;ahzetf teérﬁmé preseriptions,
2. the use of CAl for practice and remediational pumo}ses,:‘

3. the use of simulstion for rale énﬂ dz-c:sion-making tr;‘i"\-'-;g pumases.

4. the use of tha computer for ease aﬂd‘ ébiéctiw‘ty of curri’cu‘lum devefuément. énd

5 the development of a record system so that the individuatized tratning process could be effectively ﬂ
monitored and managed.

With this CM3 conceptual context, 3 number of studies were pursued (TRS, TR1Y, TR12, TR19, TR22,
TM23, TM32). All of these studies indicated that CM1 at the collegiate level is highly feasibte, cost effective and
mavides for learning results similar to CAL However, due to the mastery level learning approach utilized in the
mstructionat materials, the retationship of individual difference variables to learning rate or performanc. vous
miure Hinuted. Where extensive medtia and recitation sections were used, the effects of individual difference varia-
hles seemd to be more tronounced. Finally, learning attitude toward the instructionai materials was quite
posttve and could be manipulated by the form of training.

tn tarn, investigations of CAT indicated that it is useful in 3 number of technical training areas. it proved
gspm;mﬂy us2tul tor dynamic graphics such as found in engineering dynamics. However, while CA§ was shown 1o
be viable in areas hike chemistry, the results did not tend to exceed those found in CMI.

It is important to note the fact that the developmoent process for CMI, while not quite as demanding as that
of CAL, still wus consuderable. The dependency on a sound training maoded, formative evaluation, and effectie
momtoring of students n an individualized maode seem ta be the critical factors in the design and implementation
wf CMI.

« From thus, consequently, the following research generivriuns can be derived:

1. Ternunal-oriented computer-maiaged instruction has shown 10 be more effective than conventional
mstruction and less costly than computer-assisted instruction.

2 The most significant gains in the quulity of instruction have not necessarily been due to the use of
computers, but have been through the imglementation of systematic approaches to the training
process required for application of the camputer.

Although the computer provides the instructional developer with more information about the
instructionai process than has heen avadable, the revision jrocess rermaing the feast well undorstood
and utiized component of the systems approach, however, the provision for systematic, retiable
data now allows us 10 turn our attention to this problem,

¢

W

4. Intercisciplinary collegiate devalopment teams will not necessarily produce better compiiterized
mstructional materials than those produced by conceptually integrated teams.
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Future

During the time period since the initiation of the Themis Project, educatars have come to understand that
in order to impement individualized instruction for the leamer, there is a need to provide similar training for the
trainier. This new form of teacher training has been fabelled “competency-based” or “performance-based” train-
ing. The implementation of such training programs has more clearly identified the needs which such programs
have for a computer. These computer peeds, in general order of priority, are listed below:

1. Record keeping of computerized and noncomputerized assessments of student performance for
monitoring purposes

2.  Scheduling
3. Assessment of “computer-testable” skills
4. Adaptive remediation, includiig CA and drifl and prattice exercises.

i this list is an accurate reflection of the needs of such programs, then it would appear that the role of the
- computer must be furst as a general management svstem and only secondarily as an assessment and instructional
tool. ‘ '

Adaptive Testing

The initial undertaking with adaptive testing concerned itself with the automation of inteflectual and

- p rsonatity measures, This effort successfully resulted in the automation of an individualized intelligence test
(Slosson tntelligence Test) (TR21) with satisfactory reliability and validity coefficients. Moreover, a complex
personality test, namely, the MMP, was also satisfactorily implemented {TM28, TMA4B). These studies indicated
that response latency contributed to the score information and concurrent validity when measured against a
tonventional administration, This line of research eventuated in 3 systematic review {TM3, TM30) convering the
vaitious uses of automated teéting.

in turn, the development of sequential testing and taitored testing continues to be investigated, Utilizing
simulation téchniques, sequential testing can be shown to be a profitable approach. The general goal of sequential
testing is to present the smallest number of test items necessary to sccurately classify an examinee into two or
more exclusi . e groups, or in conceptual terms, to improve reliability and validity of or the decision process within
CAI testing. Previous computer-based sequential testing nodels have been based upon right-wrong measures of
performance. The FSU sequential testing effurt differs from previous models in that both invariate and multi-
variate performance measures are utilized. The multivariate prediction model is expected to increase classification
accuracy beyond that possible using binary-coded item respeonse data alone. More importantly, the use of tailored
testing is currently being investigated as an approach for the administration of attitude items in a training situation
{TM in press). It is conjectured that the number of test items can be minimized and the assessment of learning
satisfaction can be improved in terms of its accuracy.

These studies of sequential testing led to the development of adaptive reading comprehension tests. The
adaptive reading tests provided for & mere dynamid individualized search of the student’s current comprehension
level especially under paced conditions. The rationale for using paced conditions is based on learning-time savings
besng pace contingent,

Future ] .

in the future adaptive testing will most likely focus on two aspects. First, an investigation of incorrect as well
as correct alternatives via Bock’s multiple category model shows great promise. This approach should allow for
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adaptive selecting of items by items alternative characteristics and the assignment of sequentially derived con-
. fidence bands ahout the student’s performance fevel, Given the improved information from this approach, it is

. ~ then conjectured that a sampling aﬁpmach to sequential testing van more effectively provide for the sarly classi-
fication of a subject especiatly if compiex confidence band techniques are utilized. Thus, the future tends to hold
a continued secking for more efficient testing procedures as well as ones which will have psychometric pmpemes
appropriate for the individual and not just the group.

Adaptive Modeling

A major theme throughout the ONR-sponsored research has been that instruction should not be fixed for all
students either in treatments or time. The alternative to fixed instru ction is adaptive instruction which attempts
to match an individual’s unique characteristics with optimum treatment dimensions. Models for selecting appropriate
alternative treatments consist of contingent, mediated, and optimizing algorithms designed to achxem the '
objectives.
The initial studies of adaptive models at FSU investigated learning and personality variables which might prove
. useful in predicting and assigning remedial instruction, lesson length, and other instructional variables. Multiple
linear regression methods were developed {TRB) and used in an early modeling attempt with predictor variables con-
sisting primarily of performance variables {TR10). Personality variables were added, in a phased approach to deter-
mine useful predictors, which resuited in outstanding performance fevels for the adaptive group. A major study which
manipulated the assigniment of remedial instruction was undertaken {TR27). The order of outcomes in terms of
- superiority were the adaptive model strategy, remediation for all strategy, a {earner choice strategy, and a no-
reimediation strategy.

These results and models were then considered for employment in reading comprehension (TR20). More
recently, models based on the experience gained in the ONR-sponsored research, were developed for the Air Force
Advanced Instructional System. In addition, ONR adaptive modeling has continued with an investigation of drill-
and-practice in terms of lesson structure composition. Further, the study of the utility of measures which relates
information processing to reinforcement contingencies for adaptive instruction has resulted in a model which takes
into account both memory and motivational processes and proredures,

Future

It is anticipated that investigation of the monitoring and managing aspects of both training resources and of
the individua! will provide payoff in the future. This will invovle managing such things as the problem set size, the
sequences among sets, the assignment of media, the assignment of instructor and peer time, and the use of incentives.

Simulations
System Simulation

One of the major methods of using simulation in education, as well as other spheres, is the projection and
analysis of systems. By simulating a prototype computerized management system intended as a subcomponent of
the FSU elementary teacher training model, the CAl Center examined a8 number of problems in a data acquisition
and instructional system (TR8). The following generalizations resulted from the system analysis: {a) a computer-
managed system is technically feasible for use with an individualized teacher training program, and (b) computer
processing for trainee scheduling and testing data, as well as program management, is necessary.

Simulating a teacher training system using information from a behavioral simulation (TR16), FSU tound
advantages in experimentation capabilities and resuiting predictions about the teacher training program. Further,
advantages were found in the utilization of regression techniques in combination with A Programming Language
{APL) for designing, constructing, and utdizing a system simulation.
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Behavioral Simulation

A vehavioral simulation was used at FSU to train prospective teachers by providing an environment facilitat-
ing transter to the classroom {TR16). Analysis for the behavioral simulation proceeded through assessment of
entry behaviors, coltection of data on trainee performance during instruction, collection of data on criterion
variables and analysis and evaluation of the required training process in terms of the dimensions of simulation
theory to estimate the nature and vaticity of the behavioral simutation. Behavioral simulation appeared to permit
change in participant’s behavior patterns.

Instructional Simulation

A further major function of simulation is instructional, Much of the debate.in this area continues to be over
the potential for simulation to affect attitudinal and/or cognitive growth. One game, or simulation, developed at
F5U {TR17} was designed to altow the player to refate his knowledge of science to situations in elementary class-
room instruction, Use of the game by graduate students indicated that a learning environment of thas nature can
toster growth in both cognitive.and affective areas.

One of the primary advantages seen in instructional simulation is the ability to reduce cost (e.g., by reduc-
tion of expensive laboratury equipment) and a second is experimentation without danger (e.qg., investigating danger-
ous chemical combinations without use of the checmical). fnvestigation into simulating laboratory experiences at
£SU showed that simulation, as opposed to traditional laboratory methods, was equally effective as evaluated by
posttest performance and total instructional time.

Statistical Simulation

As is suggested in the Computer Systems section of this report, A Programming Language {(APL) proves 20 be
an gutstanding computer language for the simulating of statistical analyses, due to its mathematical capabilities
(SM3). 1t is possible for a student to explore the meaning of various statistical concepts through sample problems
and exercises, which he works as often as he wishes. He can be guided through the hypothesis testing procedure
by inspecting data, successively making appropriate inferential decisions as further hypothesis testing information
is given him (SM12). This type of APL simulation continues to expand as its utility and appeal are exposed to
widler audiences at FSU.

Sinulation Developmeni

Investigators of simulation generally predict a more widespread use of the technique, both in education and
in other spheres, for research and analysis as well as instruction and training. Advances in the development of such
simulations, however, are meager (TM53). The major problems affecting progress are seen in evaluation:

1. Many authors feel that their simulations produce affective rather than cognitive changes and are
unsympathetic to stating behavioral objectives. Since an equal number of authors and users request
behavioral objectives for simulation, this problem may not be resolved until statements of affective
objectives are satisfactorily developed, and can be evaluated.

2. Evaluation of instruction by simulatiui is correspondinly difficuit. A search for satisfactory, new
methods of evaluation may be a future activity, or a satisfactory relating of simulation svaluation to
existing techniques.

3 The validation of the simulation model itself remains the most difficult part of simulation development.
While mathematical simulations appeas to have potential to soclve this problem through output com-
parisons, simulations of human behavior, for example, provide a requirement for establishment of
other model validation procedures.
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Information Retrieval

{R for Inquiry

Infomation retrieval {IR) systems, like simulations, can be developed and used for research and/or instruc-
tion. FSU research on a CAl-based information retrieval system containing 5312 social science generalizations was
directed toward examination of hurman inquiry behavior and appraisal of affective factors within the task (TM16).
Both the feasibility of the approach to improving inquiry behavior and the positive nature of learner reaction were
established in the IR application.

IR Instruction: | Tasks

in the library science area, recognition of the future growth of automated IR systemis led to provision of
computer-based IR tasks for advanced students {TA140). Both instructional and research goals were set for the use
of the onine searched coordinate index, which referenced 1856 documents prior to its transfer to the 1BM 8400,
As a teaching aid in graduate courses, the IR system served several instructional purposes: {8} a demonstration of
an « Hine search was available to students, {b) the system provided lessons in preparing and searching coordinate
indexes, (c) the system permitted students to develop skills in the use of mmputenzed iR, and {d} students were
able to perform test searches of the index with reference questions.

For research purposes, all student uses provided data which were collected by the comiputer system and
stoved for use in IR evaluation and revision. Data colfected on student attitudes were positive, as were professional
observations. This system was one of the first implemented in library schools.

Future
i
Since good inquiry skills are universally useful, the potential of 1R systems in enhancing these skillls is an
area of interest in which future research is recommended (TM16). It is suggested that the new techniques of
observation and evaluation gained in participation in these developmental efforts become part of the individual’s
professional research, development, and teaching approach, thereby enriching members of such groups.

The development and use of information retrieval systems in library science is an example of uses that can
be made of specialized IR systems in 2 number of fields. Since the number of fields which will add computers and
IR systems to their requirements continues to grow, the development of this type of instruction should be present
in conromitant instructional areas.

VALIDATION STRATEGIES

During ts: FSU research, every effur t was made 1o interrelate with ongoing institutional activities, its
associate probiems and its need for research. For example, a team of FSU professors who were also active in the
‘Navy Reserve was formed into a functional CAl research unit. This group represented a bridging process between
the various research studies formed at FSU and their application within the Navy,

Navy Research Interdisciplinary Team

The team of FSU professorial investigators who also had active relationships in the locsl Naval Reserve
pursued a number of objectives. First and foremost, the group applied the concepts and procedures of computer-
managed instruction (CM1) to local training of the Seaman 1 classification. This CM{ implementation study was
quite successful in that there was both a significant increase in performance level as well as a significant savings
in trammg time. The results were tempered by the small number of participants, and | am sure, are in the process
of being replicated at such bases as the Air-Naval Station at Memphis, Tennessee.
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Secondly, the group pursued broad systems concepts for the planning and management of Naval training.
. This led them 1o attend many conferences and provide consultation help to the Naval Reserve system itself. in
many cases the team members performed active duty, which led 1o significant plans whereby more effective
reserve drills could take place.

,. Lastly, the team giovided leadership for the Navy concerning university and community refationships.

As university models, they effectively contribute and are utilized within Naval Reserve operations. Secondly, in
regard to community involvement, they advanced the Navy concerning such special training problems as race
relations, drugs and other associated behaviorat matters, Perhaps more directly to computer activity, they
assisted in the design of information management systems and associated adaptive training and testing systems.

In regard to some constraints, the usual problems of communication and lack of goal understanding handi-
capped the group at many turns. Given a fair degree of isolation in Tallahassee, Florida, the @goup maintained a
vigornus information exchange which undoubtedly ted to the successss that it achieved.

DOD Computer-Related Activities

As an indirect consequence of our FSU research effort, the project personnet was also able to serve the
Department of Defense on other training projects. The most significant one of these was the AF Advanced
Instructicnal System (AlS). We could not have designed and specified the AIS witheut the prior work of the
Lowry Human Resource Laboratory group or our critical CAI/CMI experience and data. We turn now to a
description of the AfS project.

The.Advanced Instructional System {AIS) is a developmem within the Air Force Human Resomces Labora-
“tory (AFHR!) to implemont the latest demonstrated state-of-the-art in training technigues, medis usage, manage-
ment procedures, and computer technology to Air Force Technical Training, The CAl Center was awarded a
contract by AFHR] to develop functional design specifications for the individual multimedia computer-based
training system which would provide significant cost-effective improvements in the operation of technical training
courses at Lowry Air Force Base, Colorado, )

{n addition to the goal of providing individualized training, AIS will focus on the managerial processes which
can be enhanced by the computer, cost-effective multimedia approaches which may provide time-savings, modular
implementation which will provide both flexibility during development and revision of learning materials and
additional cost savings during expansion throughout the Air Force. AIS will be implemented within three techni
cal training courses with a total enroliment of over 2000 students. The courses of Inventory Management (inventory
and supply), Precision Measuring Equipment (precision electronics measurement and calibration), and Weapons
Mechanic (tactical weapons loading) represent a broad range of technical training requirements,

The AIS consists of seven subsystems which reflect the scope and complexity of the effort: {a) instructional
materials, {b) instructional strategies, {c) media hardware and software, {d) management components, {e) compu-
ter hardware, (f) personnel and training requirements, and (g} related requirements. These subsystems are designed
to provide for all aspects of the instructional process from materials development and evaluation through student
use and management to review and revision. Operational consideration., including computer systems design and
maintenznce, CAl languages, and the selection and training of AlS personnel are also ronsidered in the design.

Wakulla Schoo! System

The Akulla County Title 11l project focuses on two primary goals: (1) implementation of computer-
assisted instruction in mathematics and reading for Southern rural students, and {2} development and imple-
mentation of CM1 for the mentally retarded. Begun in July, 1968, the project is a joint undertaking of the
Wakulla County, Florida, Board of Instruction and the FSU-CAI Center. By the Spring of 1970, §S is Shade-
ville Elementary School and selected seventh and eighth grade SS at Medart High School were receiving two to
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three computer-assisted instruction lessons per week in reading and/or mathematics, Math materials had under-
~ gone revision, and reading lesson assignments trad been varied 1o best accommodate needs uf the Ss.

~As in the Spring of 1968, testing resolts in the Spring of 1970 indicate the Ss who participated in the

CA! instruction showed positive gains in both reading and mathematics. In addition, attitutde measures com-
pleted on teachers and Ss involved with the computer instruction demonstrated positive ieactions to computer-
assisted instruction. In the Fall, assessment instruments previously used were eliminated because it was felt
that they did not measure the effects of the instruction; and individualized reading tests and a criterion-
referenced test, constructed from sample CAl reading items, were administered by projest personnel. Spring

-posttest results on these instruments and the regularly administered standardized achievement test indicated
positiv. results,

The CAI program was the first of a three-phase effort designed to serve between 60 and 70 EMR stu-
dents in three etementary schools and one high school. The second phase involved the development and evalue-
tion of a computer-managed instruction program in which the computer was used only for evaluations and
prescriptions. tn Phase H}, a curriculum will be developed which does not involve computers.

The Phase | materaials were prepared on four reading levels. Each student’s progress was monitored
daily and each was assigned to the level suggested by that evaluation. The investigators found that the
difference between the third and highest levels was too broad, so a new program was developed and
evaiuated to bridge that qap. .

‘ In addition, an experiment was designed to test the efforts 6! picture-stimuli on vocabulary acquisition.
The study demonstrated- that picture-word matching significantly improved the student’s ability to learn new
waords. '

In September, 1972, Phase il began with the writing of programmed booklets to be used in the CM1
program. Many materials were written to eliminate gaps found during the Phase | evaluation. A naw branch-
ing technique was devetloped which was based on a hierarchical development of reading skills. Asio included
in the materials were picture-word matches suggested by the study in Phase {1, but the concept has been ex-
panded to include picture stimuli to be matched with phonetics, phrases, and sentences.

COMPUTER SYSTEMS STRATEGIES

" There are three main areas of design and implementation of computer systems for instruction, namely,
{a) interactive programming languages, (b} management schemes, and (c) data analysis sytems. The software or
fanguage developments employed a common strategy, to maximize the ease of use while devoting a minimum
of developmental effort. The topics within this theme will be organized around the above three topics.

interactive Systems
A Programming Language {APL)

The development of the programming language APL (A Programming Language) on the IBM 1500 CAl
system was a project oriented toward uetermining the capabilities of this type of language for meeting the
diverse requirements of computing in education. The elegant and powerful data structures and commands of

" APL appear suitable to the areas of instruction, data processing, and computer science {Systems Memo 4).

APL Generality \\

A measure of any programming language is its need for extensions. In the instance of APL, extensions in
the form of functions were developed in the areas of programming aids, statistical analyses, character handling,

4
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numerical manipulation, and graphic control {SM3). The fact that such APL functions can be created and so
extend the language is to its credit; however, the fact that extensions were needed is an indicator of educational
requirements for more than one computer language.

APL Instructional Progranuning

APL’s usefulness for statistical analyses and simulation aclivities (SM12) has been documented by FSU,
and demonstrated-through certain graduate-level courses in the College of Education in which the majority of
students chose to tearmn APL as a programming language for educational purposes. Beyond the use of APL for
mistructional simulations, however, there appears to be reasonable doubt as to its feasibility as a general CA)
language. In the experientes at £SU, tittle instructional programiming with APL was performed other than
simutation packages,

Natural Language Processing

One of the initial dreams for research in CA! was the possibility of nearly natural communication between
student and computer for the purpose of instruction. Over the past few years this research has become actuality
based on the coneept of semantic processing and semantic nets as défined first by Quillian {1969)}. Carbonelle
{1970]) terms most CAl systems “ad hoc, frame-oriented”’ systems, in that all stimuli presentations and fecponses
must be fully planned ahead. With a natural tanguage processing systems and appropriate semantic-oriented data
bases, such preplanning is not necessary, and, in fact, the flexibility of the system may be more.powerful and
realistic for learning. .

FSU Diglogue

The thrust of FSU natural language research has been not s. uch on the technical aspects of computing
that must be solved for such a system, but rather on the pedagogical considerations for specifying and planning
the desired type of instructional dialogue. To accomplish this, a systematic approach was developed which
utitized the typically stated steps fur instructional development, oriented toward natural language instructional
dialqgues. More specifically, the analysis of instruction was based on determining a semantic network of infor-
mation which the student was expected to have leamed by the end of the dialogue. On the basis of this seman-
tic network, a data base and questions to the student can be specified as performance objectives and so
programmed. While this particular tyge, of system is limited in its power for developing semantic networks,
particularly for syntactic analysis o student input, the project was nevertheless a success as a prototype develop-
ment. A complete dialogue was developed for a humanities course, and students using the diatogue in this
course did generally acquire the semantic content a: specified in the systematic approach to the dialogue
development. A more extensive research program would be required to fully research and evaluate the technique
used - N

Future
"‘ 1t is anticipated that further exploration to the area of interactive systems is very bright. Present language
chpabilities will continue to be expanded, while more interactive dialogue and natural languages will be developed.

Instiuctional Management Systems

Instructionat Management Systems consists of the computing software and hardware necessary for
controt and monitoring of the instructional process. Operationally, it is convenient to talk of the instructional
data base as the associated files within the data base as well as the manipulation of those data for control and
monitor functions. it is prime tenet of computer systems analyses that the specification, design, and utility of
instructional systems data bases are tied to appropriate identification and integration to the educational
functions. The rest of the FSU approach has been development and dissemination of data base software appro-
priate to educational users in both service and research.
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APL File System Package

, One of the prime {imitations of the APL/1500 system, and indeed most APL systems, was the lack of a
- fite establishiment and manipulation capability. To overcome this fimitation, the APL/1500 File-Access Sub-
routine Package (SM10} was developed. The package permuts offline access ta data generated through instruc-
tional and research applications of the system, {t was found that needs of users which must be filled by the
system are: (a) the capability to aceess data for analysis by other computer systems, (b) the capability 1o
access data for acquiring hard copy in a quicker mode than is available on an (BM 1500 system, (c} the
cap?bitiw to  build input data to APL files, and (d} the capability ta extend data base sizes. It spould be noted
that the file access subroutine package was built as a direct extension onto the file system capability which
alrbady had extended the APL data base functions {(SMB). For example, these capabilities allowed a major
prbject of instructional usage in information retrieval systems for the Schoot of Library Science. The School
v‘ufé:s able to develop a system of automated abstracting and retrieval on the APL file system, ;The system also
Z'mided instruction for graduate library science students in the areds of automated library retrieval systems.

xperience with this system indicates that any system of computers in education must provide the capability
for a wetl-defined file system with variable structuring and flexible maniputation.

Data Base Manipulation on the Coursewriter System

Specific requirements were found for manipulation of large files on a regular basis. Becaus> of the volumes
of data collected in CAl research, highly efficient programming was needed to atlow maximization of program
execution times and therefore operations. One of the major problems in all computer systems, not only in
education systems, is the bottleneck of input and output functions. That is, program execution is no faster than
the time it takes to pass data through it, the “throughput’” time. However, throughput is a function of the
time for input and output, also. Throughput improvements were accelerated by programming intemal execu-
tion speeds so that programs approached the 1/Q boundary conditions white still maximizing execution efficiency.

Sort and Mm( ]

An internal, segquence-sensitive, bi-directional sort was developed to take advantage of the fact that CAl
records and data are not randomly ordered, but are rathes more often slightly out of sequence. This occurs
because data are recorded for students within specific courses at approximately the same time and dates. The
bi-directional sort focates the correct sequence position of a currently encountered, out-of-sequence record in
no morz than eight comparisons for any 100 response records, The software management allows blocking of
records in groups of 100, In addition to the fast location finding of the sort, no data are immediately swapped
because a table of locations is kept and accessed for addressing the individual records. That is, intermediate
data swaps have been eliminated by indirect data examinations via a bi-directional linked-index fisting procedure.

in addition to the high speed sort, it was also necessary 1o develop specialized merging programs which
allowed the ordering of data by specitic request. For example, it might be dirable to have records only for a
given course, records for a given course within a specific time period, or records only for a segment of 8 course.
For computational efficacy, it is expedient to block these specific records together and eliminate other. The
merge and sort programs, when specifically oriented toward the type of semiordered data accumulated in CAl,
fulfill these requirements most efficiently.

Instructional Support System (ISS)

A maijor software development project undertaken at FSU was the redesign of the FSU data management
system and 1BM CA! system such that they operated under one complete support and operating system. That
is, either system could be controlled under one set of operating procedures, This integration of the two
programming systems allowed greater optimization of computing hardware utilization, and a significant improve-
ment i computer operations.

-

135



Management Operational Procedares

Prime sources of maximizing the utility of any instructior.al management system are the aperations
pracedures and scheduling, FSU has made a mdjor effort to ensure that the human component of the
instructional management system is well integrated with the software and hardware components. Software
programs which altow editing and preparation of data for data analysis were developed, along with com-
plete user documentation. For researchers, the special need for manipulating data for use in statistical soft-

‘ware packages was taken into account. Given the variety of data which may be collected on a sophistica.ed
. CAl or CMI system and the varieties of research designs for analysis requirements, flexible and powerful
contral of data must be available for researchers. '
Future ' f

fn the future, investigations should key in on the development of new technologies for recording vast
amounts of data during computer-aided and computer-managed instruction activities, As instruction becomes
mose individuatized and personalized, managing and monitoring systems must be expanded.

Data Analysis Systems

The business of all instructional research is ahalvsis and interpretation of data gathered. In arder for the
data to be useful, however, the CAI/CMI system must be well integrated with data analysis systems. The
thyust of the FSU effort with concern to data analysis has been in the direction of providing new user
capabilities for analysis of data.

Online versus Offline Systems

Many CAI researchers have suggested the need for data reduction and presentation in an online mode,
with data output to the researcher as students proceed through instructional treatments on display devices.
The offline mode allows gathering of data on intermediate storage media which are accessible at later times
for data reduction and presentation. The offline mode has been primarily emphasized at FSU. The advantages
of offline data recording are in ease of operations and flexibility with which raw data can then be trans-
mitted to data analysis systems. Many manual operations necessary for online data gathering are bypassed with
offline functions,

Report Generation

Both the EDIT and DATA PREPARATION programs ,sovide punched output of data collected during
CA! coursewriter activities for use on various computer system statistical packages. In addition, two programs
were developed at FSU which provide summaries in the form of printed output reports of CA! data. The ITEM
ANALYSIS SUMMARY program provides summary statistics such as the percentage of students who answered
an item correctly and the average latency time for the item. The DETAILED PRINT program prints a com-
prehensive detailed description of a student ur subject’s record. Information such as course name, data, EPID,
MID, student response, response latency and value of counters and switches is provided. This program has a
great deal of flexibility through the use of 32 options for output specification to select or suppress specific
information elements.

Future
if, in the future, the trend continues toward more powerful general purpose and algorithmic-type languages

for CAl, then more general and powerful report generation systems will have to be developed with some loss in
exgcution optimization for the gain of power and flexibility.
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A MODEL FOR THE USE OF ACHIEVEMENT DATA
IN AN INSTRUCTIONAL SYSTEM '

Robert L. Brennan
Department of Education
SUNY at Stony Brook

INTRODUCTION

Any attemnpt to discuss practical aspects or evaluation in instructional enviranments is apt to suffer from
either one of two shortcomings: the discus<ion may be so general that it fails to provide much guidance to the
evaluator in the decision-making process, or the discussion may be so specificatly refated to a particular mode of
instruction that it lacks generalizability to other modes of instruction. Whife recognizing these two pitfalls, we
nevertheless subscribe to the belief that few things are more practical than a good theoretical model provided that
the mode! has a reasonably oroad range of applicabitity.

Thus, in this paper. we propose a defmition of an instructional system which, although not all-inclusive,
does encompass many frequently used modes of instruction. Also, we specify a model for considering the kinds of
achievemnent data and time data that should be collected, why such data should be colfected, and how they should
be used. In short, this paper presents an ntegration of some usefuf theoivtical concepts with a consideration of
many nractical problems of decision-making in the context of an instructional system.

As indicatd in the title, we restrict ourselves here to a consideration of achievement data and time data for
evaluring the cognitive aspects of an instructional system. Given the current state-of-the-art, one might argue that
acthievement data and time data often provide the most useful and interpretable information with regard to
decision making 1n an instructional system ngeessitates the collection and use of other types of data, as well.

[y

DEFINITION OF AN INSTRUCTIONAL SYSTEM

Let us define an instructional system as a deliberate, systematic, and replicable organization of a set of
resowees for the principal purpose of effecting student achievement of clearly stated instructional objectives.

This definttion is somewhat restrictive in that not all learning occurs as a result of deliberate instruction, not
alt instruction is replicable, and not all instruction is principalty intended to produce specific goals. For example,
most discussions, lectures, and seminars are not replicable, even though spacific instructional goals may be stated.
Thus such modes of instruction would not usually qualify as an instructional system, given the above definition.

Nevertheless, the above definition is general enough 1o encompass most applications of group-paced, self-
paced, and individuahized non-traditional instruction including, for example, most instruction of a computer-
assisted, prograrmmmed, or multi-medid nature. Note especially that an instructional system, as defined here, may or
may not be individualized. Note aiso that the term “replicable’ is not synonymous with “inflexible”; indeed,
these two terms in the context of mast instructional systems are incompatible. We argue that an instructional
system should be replicable i order to provide a basis for implementing objective procedures for improving the
system, bit improvement impligs the necessity for some kind of change, not inflexibility. Finally, note that

1Paper prassnted 'a! the Annual Meeting of the Amercan F ducatwonal Ressarch Assccration, New Qrigans, Februsry 1973,
This paper was originally entitied ' The Use of Test Data v Non-Tracitional Instruction,’’

2 rhe research reporten hisrem was pariatly sunnorted by grant. feom the United States Otfice of Education, QEG-2 2-281 18,
ang the Ressdrch Foundstion of the State Unwercity »f Now York, No 0477 03 031 71,
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students are an important component of an instructional system. In fact, we propose here that students be con-
sidered as much a part of an instructiona! system as the instruction used to teach theny and the test item, used
to evaluate them. Thus, the process of evaluating an instructional system invoives making decisions about test
items, instruction, and students.

OBJECTIVE-RELATED MODULES
' One reason that so much of the hterature on evaluating particular instructional systems lacks generahzabmtv
to other instructional systems is that the unit of analysis for the purpose of collecting data and making decisions is
apt to vary considerably from system to system: and, often enough, the unit of analysis varies even within the
3me system.,

In some systems the unit of analysis is merely the amount of instruction that occurs in some specified time
periad; in other systems the unit of analysis corresponds with the instruction for some group of objectives which
are taught together in some sequence for pedagogical reasons. In both of these cases, the unit of analysis corresponds
with obvious physical characteristics of the system, and, therefore, the unit of analysis typically involves a number
of different instructional objectives. However, the kinds of decisions that must be made in evaluating and revising
an instructional system necessitate a consideration of all of the data and instruction relating to each separate
abjective, no matter when the data are collected or where the instruction occurs within the system,

In short, the basic unit of analysis in an instructional system should be the objective, In order to emphasize
this fact and facilitate the collection and analysis of data for decision-making, it is theoretically and practically
- useful to view an instructional system as consisting of a discrete number of objectiverelated medules. As employed
here, the phrase “objective-related module” refers to all of those factors in an instructional system that are directly
related to a particular instructional objective. Note especially that the term “modute” is not used here as a
descriptive characteristic of the physical layout of an instructional system. The central aspects of an objective-
related module are the objective itself and the instruction intended to teach the objective. In addition, an objective-
related module contains all of the data directly relevant to the particular objective.

At first this conception of an instructional system in terms of objective-related modules may appear t00
theoretical or too trivial. Yet, for purposes of evaluation, the concept of an gbjective-related modular has severa!
advantages over many other ways to outline or describe an instructional system. First, and most importantly,
this concept directly implies that the objective is the basic unit of analysis in an instructional system. Second, the
objective-related module concept emphasizes the relationship between the objective, instruction, and data. Third,
any instructional system can be described in terms of objective-related modules, regardiess of how the instruction
is sequenced or package. Fourth, the objective-related module concept greatly facilitates an understanding of
many of the issues and probiems surrounding the collection and use of dats in instructional systems.

A TAXONOMY OF TEST DATA AND TIME DATA
FOR EVALUATINQ ACHIEVEMENT IN AN INSTRUCTIONAL SYSTEM
Any discussion of data immediately }aises two questions: for what purpose should such data be collected
and what kind of data should be collected? Here we rastrict the scope of these two questions to the domain of
evaluating cognitive achievement in an instructional system.
Purposes of Data Collection
In general, of course, one can say that data is collected in the environment of an instructional system for the

purpose of evaluation, where, according to Stufflebeam {1971) “‘evaluation is the process of delineating, obtain-
ing, and providing useful information for judging decision alternatives (p. 267)"".
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Move specifically, one could say that data shoutd be coltected for the purpose of diagnhastic, formative, and
summative evaluation {Bloom, Hastings, and Madaus, 1971). If one considers evaluation as a decision-making
process, then the diagnostic-formative-sumimative trichotomy refers primarily to decision-making functions of
evatuation, Howewer, we prefer to emphasize that the purpose of collecting data in the environment of an
instructional system is to make decisions with regard to specific aspects of the instructional system, namely:

{a} instruction, (b} students, and {c) test items. That is, we prefer to emphasize the object of the decision-
making process seams 1o identify more clearly the specific nature of the decisions that typically need to be made
in an ongoing instructional system. '

Decisions about instruction are usually of primary importance; i.e., one wants to assess the effects of
instruction especially for the purpose of identifying instruction that requires revision. Such decisions are often
viewed as part of the process of formative evaluation. in order to make decisions concerning whether or not
instruction should be revised, we will argue here that data should be obtained which can be used to determine
instructional effectiveness, eficiency, and retention.

Decisions about students typicaily include decisions concerning student placement and certification, Such
decisions are often viewed as part of the proceises of diagnostic and summative evaluation, respectively,

Decisions concerning test rtems aiso need to be made in instructional systems. Specifically, one needs to
determine the reliability and vatidity of tests used as part of the instructional system.

Types of Data

1 arder to make the kinds of decisions indicated above, two general types of data are useful: achievement
test data and time data: instructional time and retention time. Also, we will consider two genaral types of
achievement test<: criterion-referenced tests and norm-referenced tests. As Glaser {1863) notes:

The scores obtained from an achievement test provide primarily two kinds of information.
One is the degree to which the student has attained criterion performance, for example,
whether he ¢an satisfactorily prepare and experimental report, or solve certain kinds of work
problems in arithmetic. The second Kind of information that an achievement test score
provides is the relative ordering of individuals with respect to their test performance, for
example, whether student A can soive his problems more quickly than student B. The
principal difference between these two kinds of information lies in the standard used as

a reference. What can be called criterion-referenced measures depend upon sbsolute
standard {p. 2).

In other words, the results of an achievement test can be used to rank students slong s relative continuum
of capabitity with respe.i to a specified group of pérsons {norm-referencing) or along an absolute continuum of
proficiency with respect to a specified behavioral criterion {criterion-referencing). As Nitko {1971) indicates,
one can make a distinction hetween a criterion-reference test as defined by Gisser and Klaus {1962), Glaser
{1963}, and Glaser and Nitko (1971} and a mastery test as defined by Bloom {1868). Here we will not make any
distinction between these two tests since, in the mode! we will discuss, any such distinction seems to have little
practical significance.

In particuiar, we will argue here that one can identify eight different types of data for an objective-related
module that provide meaningful sources of information for decision-making. These types of data, listed in the
order in which they would usuaily be ohtained, are as follows:

(a)  Prerequisite test data, which indicates whether or not a student has the background characteristics
{attainmaent of previous objectives, aptitude, etc.}) though to be necessary in ordsr to achieve the
otyective for the module;

139



BEST COPY Avipi g
(h}  Protist data, which measures a student's per formance on the objective prior to instruction;

{c) Instructional time, which is the length of time a student spends undergoing instruction for the
obrective,

{d4)  Criterion-referenced posttest data, which measures a student’s performance on the objective
innediately after mstiuction;

. {e)  Normreterenced posttest data, which is collected immediately following instruction and measures
stutlent performance relative to the performance of other similar students:

{(f}  Rewntion time, which is the length of time intervening between the posttest {usually criterion-
referenced) and & subsequent retentim test (usuathf criterion-referenced);

{y)  Criterion-referenced retention tost data, which is collected some time after instruction and measures
student performance on thy objective for the module: and

thi Norm: mterenced retention test data, which is coliected some time after instruction and measures
student performance refative to the performance of other similar students.

it 15 often assumed that only criterion-referenced or mastery test data provide meaningfid information for
evaluation decisions with regard to instructional systems. We agree that criterion-referenced data is more important
than norm-referenced data in the cintext of an instructional systemn; however, we argue below that norm-referenced
data somutimes provide usefu! additional information for decision-making.

A Table for Relating Data Type and Use

These data for an objective-related module are displayed in Table 1 which, in addition, indicates those types
of data that are of primary importance for making particular kinds of decisions with regard to instruction, students,
and test items. In essence, Table 1 provides a kind of taxonomy of achievement and time data that are useful in
evaluating instructional systems.

TABLE 1
Taxonomy of Achievement Data and Time Data for Decision-Making in an Instructional System
. DATA FROM AN OBJECTIVE-RELATED MODULE'
DATA USED TO PRE- c.R.?2 N.R.J R4 N.R.S
MAKE DECISIONS REQ. PRE- INST. POST- POST- RET. RET RET.
_W!TH REGAHD ‘TO TEST TEST TIME TEST TEST TIME TEST TEST
!nstruct:on :
Short-term effectiveness ¢ *
Long-tarm effectiveness * ¢
Efficiency * ¢ ¢
Retention ¢ ¢ *
Sturdents:
Placement ¢ * ¢ *
Certsfication
Mastery * ¢ ¢
Grading . » . »
Tests:
Validity . .
Reliability ’ ¢ ¢ ¢ * *

IThe data are tisted from teft to right in the chronological order that they would usually te collected, Asterisks indicate the
principal Kinds of data appropriate for particutar decisions,

2Critanion refarsnre.d postiest
jmcnn referenced postlest.
dcriterion referanced retention test

5Nnrm re¢ferencend retantion test. 140



It is, of caurse, quite possible that & pam:.utaf ob[ectwe related modute may not contain all of the dsta
imdica. ed i lab;e 1. Kt 1s also quite likely that, in pamcular ohjective-related module, a test may, in fact, coar st
of only one item. These and other possibilities and their implications will be treated later. For the present time,
let us assume that, for a perticutar objective-related module, all the indicated date are collected and gach of the
tests contain a number of equivalent items for measuring the same objective, {n the following sections of this
paper we will consider in more’ detail, the nature of thase data, why they sh:ould be collected, and hov- they might

" be used. First we consider, in some detail, the use of data for evaluating instruction and subsequerity we pmmde
a less extensive consideration cf the use of data for evatuating students and test items.

EVALUATING INSTRULTION

As Cranback (1963} indicated, when evaluation is performed in order to effect M-in\mnfement of an
instructional system, the chief i is 10 uscertain changes the system produces in studlists in grder 10 identify
efements of the fnstructionaf system that require revision,

One of the most theoretically appealing procedures for identifying instraction that eqguires revisron:
involves determining departures of attained results for the idezi. That is, the process of evaluating instruction may
_be viewed as the process of comparing the actual effects of instruction with the effects that would be produced
in anr ideat insteuctiona! systems as one which would resuft in students achieving 8 maximum feve! of perfonnance
on alf objectives i the shortest possible time and moreover, students should maintain this level of performance
for ac long as necessarv, ‘ . '

A Rationale for Decision-Making

In a sense, the characieristics of an ideal instructional sustem provided ap upper bound for the abserved
measures of effectiveness, etficiency, and retention. In a similar fashicn, one can identify the characteristics of
a minimally acceptable instructional system and, thus, provide a kind of lower bond or base line for these
measures. If the observed measures fail within these two boundaries, then the evaluator will not usually suggest
the need for revision; if not, revision s required.

The above rationale is quit= simple to state, however, there are two major problems in implementing the
procedure. First, one must specify the cut-offs that define the lower bound or base line Tor the minimally
acceptable instructional system. Second, if rexision is indicated, then one must determine what needs to be
revised and how such revision should be accomplished, These two problems have been addressed to somie exient
by Emrick {197 1) and Brennan and Stolurow {1971), respectively. However, the solution to both problems,
given the current state-of-the-art, must rely primarily upon the combined subjective judgment of the evaluator
and the subject matter expert,

Decisions concerning cut-off are especially complicated. To the extent that an instructional system is not
ideal, there then exists the possibility for improvement and perhaps, the necessity for revision. Whether or not
revision is actually appropriate depends upon the cut-off values for instructional effectiveness, efficiency, and
retention. The cut-off values, in turn, dapend upon the evaluator’s and subject matter specialists's combined judg-
ment with regard to cost factors, revision time considerations, and a number of other more subjective utitities. In
addition, these factors often imply the need for different cut-off values for different objective-related modules.

Yet even with these problems, the above rationale does provide a very useful framework for identifying
those aspects of an instructional system that require revision. in addition, once cut-offs are specified, the

revision required/no revision required decision is essentially straightforward.

Finally, even in the problems discussed above have one redeeming feature — they emphasize the necessity
for a close working relationship between the evaluator and the subject matter expert.
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Instructional Effectiveness e e e

.

Table 1 mdicates that instructional effectiveness implies a ¢ ympatison of proficiency measured at two

Points in time - prior to instruction an at some time following instruction. One can identify cither short-term or
C iunq -term effectiveness depending upon whether one obtains data from a posttest administered immediately after

mstruduon or from a retention test administered at some future time. o

The necessity for determining short-tefm instructionat effetnweness is read“y recognized; hmvever. the need
to drterntive long-term instructiona effectiveness is easily overlooked. Consider the situation in which a student
fails to «chieve an oh;ectwe as a result of experiencing instruction for that speeific objective — the student can
however, eventually achieve the abjective as a resuit of subsequent instruction. In this case, the tearning that ‘
occurred will be reflected in long-term instructional effectiveness but not in short-tesm instructional effectiveness.

it is wmportant 1o note tha ffectiveness cannot be determined from a measurement taken at one point in
time unless une can vatidly assume the complete absence of proficiency prior to instruction. This assumption
should nct be taken lightly. It is often (perhaps usually) the case that at least some students, prior to instruction,
frave a level of proficienuy greater than zero. If this fact is overlooked, estimates of mstmctiona! effectivensss will
pe inflated,

it s also important to note that any comparison of pretest and posttest, or pretest and retention test,
performance is meaningless unless the two tests measure the same objective at the same leve! of difficulty. One
CoMTON molatmn of this risle occurs when the pretest is an easier test than the posttest or retention test. This is
a circumstancs that will result in a deflated estimate of instructional effectiveness.

- Instruction Efficiency and Retention

tustructional efficiency and setention involve a consideration of both test data and time data. As indicated
in the definition of an ideal instructional system, data with regard to instructional time and retention time are -
very important in asséssing the extent to which a given instructional system deviates from the ideal.

Table 1 emphasized that instructional efficicncy invoives a joint consideration of short-term instructional
effectiveniess and instructional +m2, Instructional time foi « ven objective may be constant for all student, if
instruction is grourn-paced; or. inttructionaf time may vary for each student, if instructional effectiveness and
mstructional efficiency are functionally related, differing only by a constant time factor for all students. in the
latter Case. instruclivugl eifectiveness and efficiency may provide very different information. For example, .
mstruction may be relatively effcctive for an entire group of students, but some of the students may spend 50
much time in instruction that instruggional efticiency for them is exceedingly low. One might even theoretically
argue that 2 high {evel of instructional effectiveness can be guaranteed if efficiency is of no importance (see
Caroll, 19863). 1 should be noted, however, that neglecting to consider efficiency makes little sense uniess one
places a very low premium an student time. For most instructional systems, student time is a very valuable
commadity that one cannot afford to squander; hence, instructional efficiency assumes considerable importance,
esperialdy i self-paced or individualized instructional system,

Efficiency as described above, is, more orecisely, short-term instructional efficiency: One might argue for
consideration of the analogous concept, long-term instructional efficiency, however, to dn sa would involve
confusing instructiongdl time with retention time.

In this cantext, retention time may be defined as the rime intervening between a criterion-referenced
posttest and a subsequent criterivn-eferenced retention test. Also, recall that in our terminology, these iwo tests
are tests of a single objective since they are part of an objective-related module. Thus, as indicated in Table 1,
retention indicates the extent to which proficiency {on an objective tested immediately following instruction) is
maentgined for 2 oarticufar period of time, In short, retention takes into account three factors: posttest per-
formance, retention test performance, and retention time.
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Note that, when viewed in the context of an objective-related module, it is clear that retention time 'may
vary for each objective; and, moreover, in a self-paced or individuatized instructional system retention time for
each objective may vary for each student. These variations in retention time are often overlooked when a single
retention test s userd as a measute of performdance for several objectives, each of which was taught at a different

pointin time. This is oue practical reason for collecting and analyzing data in the context of objective-related
modutes. ?

" The Measurement of Change or Gain

Ttus far, we have heen careful to refer to instnuction effectiveness, efficiency, and retention only in terms
of the data and concepts that provide 4 basis for defining these terms. From these consideration, it seems clear
that any actual measure of effectiveness will be in essence, a measure of change ér gain and any actual measure of
efficiency or retention will incorporate a measure of change or gain along with a consideration of instructionat
time or retention time, respectively. - ) :

Many measures of charige or gain have been reported in the literature. {See, for example, Harris, 1963;
DuBois, 1962; and Tucker, Damarin, and Messick, 1866.) Recently, Cronbach and Furby (1970) have argued
that “investigators who ask questions regarding gain scores would ordinarily be better advised to ask their questions
~ in other wavs (p.80).” Unfortunately, this statemeni has been indiscriminately interpreted by many as a blanke?
" indictment of the measurement of change in educational and psychological research; yet, Cronbach (1963}, him-
self, pointed out ten years ago that “when evaluation is carried out in the service of course improvement the
chief aim is to ascertain what effects the course has -- that is what changes it produces in puplis {italics ours,
p. 675).”" -

The two statements by Cronbach in the previous paragraph are not necessarily contradictory. Most mea-
sures of change reported in the fiterature have arisen out of a correlational model that assumes an intesvat scale
of measurement ; yet, in practice, traditioiusl psychometric measures fail ta produce an interval scale, Thisisa
principal reasun why Cronbach and Furby {1970) argue that the usual measures of change are often suspect.
However, this objection ceases to exist when one has an absolute measurement scafe that measures interval
scale units of some entity {Carver, 1971). Now, one can strongly argue that the criterion-referenced tests used to
evaluate instruction, as described above, should, in fact result in absolute measurement scales, since each test
consists of equivalent items for measuring performance on a single objective. Thus, in order to assess instructional
etfectiveness, efficiency and retention, one change discussed in the literature. in our opinion however, many of
these measures of change have limited utility for evaluating instruction in the sense that they usually fail to
provide the evaluator and subject matter specialist with the kind of easily interpretable information that
tacilitates the identification of instruction that requires revisiun. ‘

Also, in some cases, measures of change reported in the literatuse are closely related to hypothesis testing
in the context of classical inferential statistics. As Lumsdaine {1965) points out:

A weakness of the statistrcal habits associated with before-after and gain experiments is

that the statistical tests employed are addressed 10 hypothesis testing rather than to
estimation. . . It is true that in determining the effects (of and instructional system} one
wants to rule out the null hypothesis that obsesved gains can be dismissed as a chance resuits
results; i.e., one wants to show that effects produced were statistically reliable. How-

ever, what is obviously of more interest is a good estimate of the size of the gain. . . {p. 299).

Merely showing reliable evidence for some gan is of little practical importance in evaluating instruction, because
the existence of some unspecified amount of gain does not provide a meaningful basis for deciding whether or
0t revision 1§ required,
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Another limitation of many classical statistical techniques i evaluating instruction is the frequent assump-
tion that students be randomly sumpled from some specified poputation, Often enough, students in an instruc-
tional system do not constitute a random sample; at best they constitute a representative sampte of the kinds of

-students for whom the instructional system is judged to be appropriate.

~Inshort, intheory and in practice, many classics § infevential statistical techniques fail to provide the
kind of interpretable information an evaluator needs in order to identify aspects of an instructionat systemn that
require revision, Thus evaluators often rely heavily upon descriptive statistics such as ditficulty levels, ervor
rates, percentage of maximum possible gain {(McGuigan and Peters, 1965; Brennan, 1970), etc:3 Such statistics ,
provide a method for anregating raw data inte measures that have refatively straightforward intergratations. As
such, descriptive statistics, when used prudently, provide very useful information to the evaluator and the subject
matter specialist. Frequently, the use of descriptive statistics is criticized because they fail to provide an objective-
ly defined bases for infesence to a specified population; however, as statisticians continually emphasize, itisat
best, misleading and sometimes meaningless to employ inferential statistics when the underlying assumptions are
not fulfilied or when the resuiting information is not interpretable in the decision-making process.

Thus, in our opinion, the utitity of descrip.ive statistics, when interpreted prudently, cannot be denied.
However, it is often difficult to interpret simuftaneously several different, numericaily reported descriptive
statistics for a particular objective-related module. One useful way to approach this problem is to employ
graphical and tabular presentations of data such as those indicated in Figures Ta-1d and Table 2, respectively.

Figures 1a-1d are examples of graphical technique that can be used for either of two purposes (a) to present
descriptive statistics for one student when pretest, posttest, and retention test consist of 8 number of items, or
{b) 10 present the average descriptive statistics for a number of students even when any or all tests consist of only
one item, In the former case, the vertical axis represents performance in terms of percent of items correct, in the
latter case, the vertical axis represents the average performance for students. The horizonts! axis represents the
observed instructional time and retention time. The solid fine, depicting basc ine data, provides a kind of opery-
tional definition of the effectiveness aspects of a minimally acceptable instructional system. That is, the base line
pretest score represants the chance level of performance if students mspund blindly; and the base line posttest and
reicii1s0n test scores represent cut-offs assigned by the cvaitator.

In Figure 1a both short-tarm and long-term effectiveness are ideal. In general, no revision is required on the
basiy 0f these two measures so long as all points an the observed data line fall above the base data line. However,
even in the case represented by Figure 1a, revision might be required on the basis of efficiency if the two-hour
instructional time were judged to be inordinately long. Furthermore, one cannot claim that retention is idesi
unless the indicated sight-week retention time period is appropriate.

In Figures 1b-d revision is required on the basis of short-term effectiveness and/or long-term effectiveness.
Figure 1b indicates a case in which instruction has no observable cognitive effect. In Figute 1c, revision is required
on the basis of long-term effectiveness. Figure 1d indicated that instruction for the objective results in a reversal of
learning which is corrected by subsequent instruction that is not directly related to the objective.

Another descriptive technique for visually displaying effectiveness data is given in Table 2. Once an evaluator
specifies pass/fail cut-offsd for the pretest, posttest, and retention test, then each student falls intn one and only
one of eight mutually exclusive categories. As indicated in Table 2, for students in Category | {fail pretest, pass
posttest, pass retentiontest) instruction has both long and short-term effectiveness; thus, Category | represents the

3500 Brennan (1969) for a review af the literature refating 1o descriptive statistics that have been propossd for use in
nstructionst systoms,

811 the test Lonsists of a single item, then pass/fail is simply transiated as -orrect/wrong.
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ideal. Each of the uther categuries indicate varying degrees of lack of short-term andfor long-term effectiveness.
Category 1 {pass pretest, pass posttest, pass retention test) is especiatly interesting in that it provides an example
of the difference between evaluating instruction and evaluating students. Students who fall in Category {11 would
usually be evaluated positively for the purposes of placement and ce tification. However, for students who fall in
Categury H, instruction hias nut been effective; these students had attained the objective prior to instruction.

-
PR

Ao

TABLE 2 .
A Tabular Display of Criterion-Referenced Data
for Assessing the Effectiveness of an lnstruction_a! System

it = o ettt b o e e 7 e et i e vkt

- SHORT-TERM EFFECTIVENESS

REVERSAL IN
EFFECTIVE NOT EFFECTIVE - EFFECTIVENESS

FAIL PRETEST FAIL PRETEST PASS PREYEST PASS P.RETEST
PASS POSTYEST FAILPOSTTEST PASSPOSTTEST FAILPOSTTEST

——— - —

Pass

retention Category | Category Category i1 Category IV

test

Fail
retention Category V Category Vi Category Vi1 Category Vil

test

A

Ninte  Entres in tas cells of this tstde refer to the number of students in each category. Coategoriss are mutually
eveineno gnd exhaustiva; 1.0,, each student fails into one and only ong category.

Comments on Data for Eulhating instruction

~ The curtsilment of data, In table 1 we considered eight different kinds of data that serve various functions
in the evaluation of an instructional system. In a particular instructional system it may not be feasible to collect
all of these data for all objective-related modules. in such cases, the evaluator will not be able to assess at least
one of the four measures discussed above. This problem is perhaps inevitable, but it need not be 100 serious
provided that: (a) the evaluator plans the data collection activities beforehand so that the maximum amount of
data is collected for the most critical objective-related modules, and {b) the instructional systemn undergoes a
continual .- +cess of replication, evaluation, and revision. This is one reason for our insistence that an instructional
system be replicable. Even when the amount of data collected is somewhat curtailed, the continual process of
replication, evaluation, and revision shonid result in a constantly improving instructional system,

Prerequicite test data. As noted in Table 1, prerequisite test data does not provide direct evidence of the
effects ot instruction; however, once instruction is identified as requiring revision, student performance on pre-
requisite tests can provide valuable information in pinpointing the nature of specific difficulties, For this reason,
the nature of prerequisite tests and their relation to specific objectives should be given careful consideration.
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Testing additional objectives. Cronbuch (1963) claims that evaluation whose purpose is to effect the improve-
~ ment of an mnstructional system should ideally include: “measures of all the types of proficiency that might
reasonably he desired in the area in question, not just the setected outcomes 1o which the euiriculum directs sub-
stantiat attention {p. 6791

} Essentially this is an argument for the inclusion of tests measuring objectives that have varying degrees of
refationship to the actual objectives of the instructionat system. Cronback argues that such tests are necessary to
assess the extent to which a particular instructional system is appropriate for users who have somewhat different
educational goals, We agree, but it should he understood that student performance on such additional objectives
provides evidence primanty for assessing the external validity of the instructional system, not its internal vatidity.
Thus, student performance on such additionatl obiectives does not provide very useful evidence for revising the

-existing aspects of an instructional system, although tis evidence may provide a basis for adding objectives to
ard/or deleting objectives from the system :

Us2 of nonmi-referenced measures. Unfortunately, it is often difficult to find or construct a criterion-referenced
test to measure all the types of proficiency that might reasonably be desired, as Cronback (1963} suggests. However,
it is often relatively easy to obtain or construct a norm-referenced test that can serve as a reasonably good measure
of student performance on objectives stmilar to that in the instructiona! system, provided that one analyzes the
data very carefully. tn particular, the content standard test score techniques suggested by Ebel (1962]) may be used
with norm-referenced measures and may provids useful additionat information regarding the instructional system.
Such data, for example, may provide some bdsis for considering the appropriateness of the objectives in'the
instructional system. After all, there is no @ prior reason for assuming that the objectives in a particular instructional
system are the best objectives that could be chosen. In fact, as Ebel (1970) suggests, there is a danger that such
objectives and their associated criterion-referenced test items, may be idiosyncratic. Criterion-referenced measure-
ment must certainly carry the principal burden of evaluating instruction; however, to dismiss categorically the use

of norm-referenced measures sees to be imprudent. Y
EVALUATING STUDENTS

As indicated previously, the student is an important component of any instructional system, and, therefore,
decisions about students are intimately connected with the evaluation of the system. in fact, much of the literature
that purports to treat the evatuation of instruction, and the use of criterion-referenced tests fn instruction, con- .
centrates primarily upon the evaluation of students, Here, we prefer to make a clear distincfion between the evalua-
tion of instruction and the evaluation of students. We note that decisions concerning if?str ction are based upon an

assessment <f changes, over time, in student performance effcctcd by the instructional E{stem On the other hand,
decisions concai ity studanis tyDicaily fnvolve questions of student proficiency at a given point in time, as
opposed to a comparison of proficiency at two points in time. In particular, two principa! kinds of decisions
usually must be made when evaluating students: placement and certification.

Decisions Concerning Placement

As indicated in Table 1, any one or any subset of the criterion-referenced tests in an cbjective-related
module might be used as a basis for different kinds of placement decisions. For example, the prerequisite test and
pretest are typically used as a basis for placement decisions with regard to the instruction in an objective-related
module. However, these two tests usually play Jiffeient roles in the placement process. The prerequisite test is
used to decide whether or not a student has the knowledge and other background characteristics thought to be
necessary for attainment of the instructional objertive; that is, the prerequisite test is used to identify students
who will be aliowed to experience instruction. On the other hand, the pretest, when emploved for placement
decisions, is used to identify students who wiil be allowed to skip instruction; that is, if a student achieves a
sufficiently high level of performance on the pretest, the student is certified as having achieved the instructional
objective and the student proceeds with instruction for some other objective.
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Also, the criterion-teferenced posttest and, less frequently, the criterion-referenced retention test may be
used for placement decisions. The posttest often provides a basls for placing a student in remedial instruction for
the objective in a particular objective-related module, or advancing the student to instruction for some other
objective, On occasion the retention test may serve the same placenent function as the posttest, but more ]

" freques tly the retention test, whoo used for placement decisions pmvidesqa basis for placing students in other
" instructional systems.

Darisions Conceming Centification

From a practical point of view, decisions on certification of student performance are often of two kinds:
- mastery or the certification of minimatly acceptable student performance and for want of a better term, grading.

Masrery. As noted above, the pretest may serve as a basis for certifying mastery or more precisety, determin-
ing minimal acceptable student performance. Similarly, the criterion-referenced posttest or retention test may
serve the same function. Any of ** .« tests, therefore, may serve as the basis for mastery of a particular objective.
Clearly, of course, the critical issue is: What constitutes minimally acceptable student performance tor the test{s}
employed? In order to amswer this question, the evaluator must decide, first of all, which test or tests will be
used as the instrument{s) for certifying mastery. {Sometimes the posttest {or pretest] alone may be used; perhaps
more frequently, the rotention test alone, or the retention test and the posttest {or pretest), will be used. Once
this decision is made, the evaluator must specify a cutting score {or scores) for the mastery decision, It should
be noted that, for the most part, the specification of cutting scores for certifying students can be made enly on
the basis of judgement on the part of the evaluator and the subject matter specialist. However, once such cutting
scores are specified, decision-theoretic techniques are available for determining whether a student’s true score is
above or below the cutting score {see Hambleton and Novick, 1972).

Grading. 1t is not our purpose here to either condone or condemn the use of grades and grading procedures.
We merely observe that grades are often demanded by particular institutions, by parents, and by students. To the
extent that grades must be reported, we argue that the procedure for arriving at such grades should be reasonable
and fair. Furthermore, we argue that the criteria for assigning grades should be consonant with the use to which
grades will be put.

Few will argu. that one way grades are used is to provide a rough estimate of whether or not a student has
attatned some particuiar levet of knowledge or proficiency. An instructional system, with its use of criterion-
referenced tests, provides an excellent means for assessing such performance. It is also. true, we believe, that

grades are often used as a basis for rank ordering students along a relative continuum of proficiency; that is,
grades are often used to reflect an individual’s performance with raspect to the peciormance of other individuals
in some specified group. Essentially, this use of grades implies a need for norm-referenced measurement. Now,
as Nitko (1370} and others have pointed out, criterian-referenced tests may be used to provide norm-eferenced
Kinds of information. However, criterion-referenced tests usually result in negatively skewed distributions of
student scores that have little variability, and such distributions are not maximally useful for rank ordering
students, Therefore, a test or tests specifically constructed to provide discriminations among student, i.e., a
norm-referenced tests, may often be desirabie.

t .

Thus, to the extent that grades are used to indicate two different kinds of student performance, it seems
reasonabie 10 argue that both critenion-referenced tests and norm-referenced tests are appropriate for determining
grades. ideally, for grading purposes, criterion-referenced information and norm-referenced information showld be
reported separately. However, if one grade must be reported, we believe that criterion-referenced information
should be the more important determiner of such a grade.

A By-product of Evaluating Students

Ac Sarensan (107 1) notes, practically any instructional system will work for some students and not for
othets. In orders to take this fact into account, one of the developmental tasks in defimng an mstructional system
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invalves the specificat-un ot students for whum the instruction is intended. Even so, when onhe evaluates student
performance, 111s often possibde 1o dentify the characteristics of students for whom the instructional system is
nat working. This information ntay pravide a basis for revising the system or, in some cases, this information may
be used as g Dasiy tor vespeafye o the tvpes of stadents for whom the instruction is appropriate.

EVALUATING TESTS

Recali that i the context of un obfjective-related module, a test is an instrument for measuring performance
on a single objective. Such a tyst sdeally consists of many items but could consist of only one item. Therefore, on
occasion, the issue of svalaating 4 tost may resobve mto the issue of evaluating a test item, In either case however,
the evaluation of g test {or o tost item ) ivolves making decisions concerning validity and refiability,

1t 1s not our purhuse here to thoroughly review the literature on measuring reliabitity and vafidity. For
normereferenced tests, protedures for measuring validity and refiability are welt:known (see, for example, Lord
andt Novick, 1968). For criterion referenced tests, the reasurement ef vahidity is refatively straightforward;
however, at this time, fow, if dny . rocedures have the status of generally accsrred solutions to problems
surrounding the measurement of rebability . {See, for examue, Popham and Husek,; 969; Edmonston and
Randall, 1972 aisd Hambsle:ton and Novick, 1972.) Thus, rather than review the fiterature, we consider befow
certain important issues concerning reliatyiity and validity, especially as these topics refate to the use of criterion-
referenced tests s mstractionyl systemns.

Validity

fn most cdases,. there 1s no reasonabile external criterion for a criterion-refesenced test. Usually, the only
criterion under consideration is an sntemal criterion, namely, the instructional objective that serves as 3 basis for
test construction. Consequently, for a critenon-referenced test in an instructional system, the issue of validity is
generally an issue of content vahdity. The extent to which a test has content validity is usually a matter of
judgement on the part of the subject matter speciatist. However in some cases, the relationship between the
objective and the items 13 a criterion-referenced test is so close that judgements conceming the content validity
of the test are hardly necessary provided one accepts the validity of the objectives. For exampls, procedures
developed by Bormuth {19701 and Hively, Patterson, and Page {1968) produce criterion-referenced test items
that are virtually isomorphic with the objective.

This preeminent concern vath content validity is the reason why Table 1 indicates that achievement data do
not provide the prinespat kind of imformation for judging the validity of a criterion-referenced test. it shouid be
noted, however, that sucn data are sometimes used to cgiculate partictdar Kinds of discrimination indices for
criterion-referenced tests {see, for example, Cox and Vargas, 1966). Such indices purport to provide an additional
kind of information concerming criterion-referenced test validity, however, the interpretability of such indices is 3
topic of some concern {Papham and MHusek, 1969; Brennan, 1972h).

Reliability

The determmation of relistulity for a criterion-referenced test in an instructional system is complicated by
several factors, Fust, s generally recognized that classical procedures for estimating reliability are seldom
appropriate for critenion-referenced tocts, Second, we usually need to establish both the stability of each test and
the equivalence of the several tests meagsur.ng the same objective. Third, many of these tests are used for two
purgproses: to measure student performance at e pont in time and to measure changes in student performance
over time. This dual function of many cotenon-referenced tests necessitates the determination of two different
estimates of reliability.

The abisence of estabibished procedures for estimating the reliability of criterion-referenced tests obviously
complicates the task of evatuating not only the test hut also instruction and students. In essence, the evaluator
has three choices: {a) use classical procetures for estimating rehiability, (b) use one or more of the newly developed
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: iechnim:es, or {c} use some combination of classical procedures and newly developed techniques. Probably, the
las_g alternative is the most prudent, but in any case, the evaluator must exercise considerable caution in interpret-

g results.

} Ideally, the relability of tests should be detesrmined befure such tests are used in an instructional system.

' Aﬁer all, it is difficult to justify decisions made concerning instruction and students unless one can argue that the
mstruments used for decision-niaking are reliable. However, especially for criterion-referenced tests, from a
practical puint of view it is often impossible to estimate reliability without using data collected in the environment
ot the instructional system. This is one principal reason why it is desirable to field-test an instructional system
ior to its full implementation (see Lumsdaine, 1965). '

CONCLUS{ION

We subscribe to the view that evaluation is a fundamental part of curriculum development, not merely an
appendage added on after the fact. Thus, decisions concerning the coflection and use of data should be made
before an instructional system is put into operation, We have treated here a model for considering such decisions
as they refate to achievement data and tinre data. This model is generalizable to many modes of instruction
charactenzed as instructional systems and involving clearly stated objectives. Furthenmore, many adaptations of
this model are possible. For example, 1 order to avoid complication, we have tacitly assumed throughout, that

cutting scores for decisions concerning instructional effectiveness, instructional efficiency, mastery, etc., are the
© same for all students. Yet, the ideas presented here, can be generatized to instructional systems having different
cutting scores for different students.

Atmost invariably the task of evalrating an instructional system is a very large data collection and anatysis
activity ieally consisting of repeated measurement of objectives at several points in time. This task can be greatly
facditated by the use of computers. In particular, it has beendemanstrated that time-shared computers provide a
busis for efficient administration of achievement tests and collection of 'data from such tests. Brennan {1972a)
provides a review of the literature in this area. ‘

Most of the literature currently avaiiable concerning the evatuation of instructionat systems treats the analy-
sis of data primarily from the point of view of classical descriptive and inferential statistics. It is our belief that,
in the future, Bayesian staiistics and decision theoretic technigues such as those discueted b Hambleton and
Novick {1972) and Cronbach and Gleser {1966) will play an increasingly important role in the evatuation of
instructional systems. These statistical procedures are particularly appealing because they provide the potential
for directly incorporating many kinds of prior information and subjective judgement in the decision-making
process
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A PREVIEW OF THE EVALUATION OF PLATO AND TICCIT
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It seems to me that PLATO and TICCIT have to be accountable to some audiences whom | consider to be
very important. The primary audience is perhaps students. Each of the presenters this mdrning used the word
students several times, but neither one of them made an important part of their presentation. A critical part is the
griestion of direct impact on students. Another issue is instructors : nd users. Vic confessed earlier in his presenta.
tion that his shdes had been prepared for a different talk and that in recent months he has become much more
sensitive to the question of faculty acceptance and the like. | would like to suggest that that audience deserves
much mure attention than it got this morming. A third audience is administrators, the guys that have to make the
decisions about whether or not these systems can really live in a school environment. We have a bad habit in
research, and | am not accusing either one of these projects of setting up rather sterile environments for develop-
mental programs, of collecting under rather constrained conditions data that the psycholegists and evatuators tef!
us we should collect; and we run it through a regression anatysis and make 3 decision, and then the proyram sits.
So it sepms 1o wic, another group to whom the projects have to demonstrate a little maore accountability is the
adr.inistrator, A fourth group that is no less important is the picfossional community that is reflected by many of
the people in the room here. '

} quess the yuestion that | would like to put to each of the projects with respect to the four audiences that |
have just mentioned is, “Are PLATO and TICCIT in their development 1o be responsive as to what professionatls
roncider to be the implicit i.eeds of each of those four audiences?” A ot of issues were suggested this moming.
There is, as | hawve said earlier, a kind of maintine structure approach of TICCIT versus the more adjunctive
suppleciental approach proposed by the PLATO people. Underlying each of those approaches are lots of very
~important questions about certified -controiled authoring techniques versys a less controlled target of cpportunity
approach that Jim was suggesting. | thuink that we have got to look very carefully at both and colfect some data to
help us make decisions about them, § am not sure we fearned enrough this morning to begin to even formulate some
judgments. {1 would be unfair to require each of the presenters to explain to this group all of the components of
fus proaram, but, nevertheless, | want to caution people against drawing too many conclusions on the basis of
what we saw this morning. We saw some examples of course material. In at least one case, an elementary example
that Jim showed us, 1 think it is safe to say that the material was entertaining. | would say that neither in Vic's
math presentation nor in the physics material that Jim showed us, did we se2 encugh to allow us to formulate a
judgment about whether that material was pedogogically sound. We did not see enough to let us fudge whether or
not that material has the potential to five in an educational environment. | guess what | am getting to is that | think
these projects are certainly very complex. o :

I think that what we saw {hus «+01NINg was just a couple of facets of what is really an enormous and, in many
ways, very grotesaus ‘ceberg. The tip of ' ¢ iceberg is what these progects are atl about, and that is they have beent
tunded to deliver; namely, high quality instruction to community college sectors in the United States-in only some
areas of the United States. In a couple of key areas, in the case of the TICCIT przicat they are to daliver English
and math inggruction, {n the case of PLATO the areas are community college accounting, biotogy, chemistry,
English, and math, and also in the case of PLATO, an elementary program in reading and arithmetic. | would
suggest that this is a very important charge.

What 1'd like 1o suggest is that each of the projects, in considering its responsibilities to the professionals and
to themselves, begin to share information and ideas with this community {the present audience) and with other
interested people. Especially important is the sharing of more details about the plans for implementing and /nter-
grating these programs into schools. It seems to me, and | think that this morninag both Duncan and Joe raised
some questions about this, as did other peanie hare, there are nuoctions about theis schedules, and the like. We
know from preliminary contacts that, in both projects, faculty acceptance is clearly going 1o be & piece of the
artion, There are problems of courseware development and coordination and intergration tha¢ are nontrivial. Vic
ment:oned that the B.Y.U. attempts to identify a structure for English programs had met with some problems,
and 1 don’t think that's particularly surprising. What 1 think wou!d be particularly helpful would be if B:Y.U. and
simdarly 1f Hitinoss would share with us some of the specitic procedures that they have implemented to overcome
some af these problems. There is an enarmous need for careful orientation and training programs for some of the
detailed procedures on site management, and on the physical intergration of these systems at the pargicipating

'
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- sites. | think we would all do well to consider some of the strategies for explicating and accommedating the
capabilities that exist in the particiy ating schools. Instructors and students can be a very rich resource in program
development. They can also be a very hostife and violent resource if not treated praperiy, § think both projects

‘have to tormulate plans for themselves, and, as | said, share with use some f their ideas for doing that. | know
from twe years of experience with the Bvaluation of “Sesame Street” and a year with the “Electric Company”
that the tenor i schools today s not to stand back and politely applaud when hardware is brought into a cless-
room or 2 learning center, Instructors are demanding that more attention be given 1o their roles in these
developments. This is something that both projects recognize. | think that the faculty can reasonably demand

~ help in implementing these programs; so | am suggesting that we need new procedurss to assist instructors in
intergrating and coordinating these technologies into their classraoms. | think we need more information on the
kind of feedback that is going to be provided to instructors, Certainly, in the case of the PLATQ program in which
supplemental, adjunctive kinds of uses are proposed, the burden is on the shoulders of the developers to provice the
“hooks” and the “links" for the instructors and materials, We haven't learmed about that yet. § think severul peopte,
including Bob, this moming mentioned the need for a formal public plan te performed formative evaluation. The
question of quality control came up; | don’t agree with Jim that it is an issue which a laboratory can duck. § think
that the implementation of PLATQ at the University of Hilinois has been highly idiosyncratic and in many ways a
success. | don't think that model is going to hnld in the community colleges or the elementary schools. In fact, as
Jim has indicated to you, they have impiemented a more formal procedure for elementary course development in
their own environment, kit any event, | don't think it refieves the project of the responsibility to provide plans
and milestones for the review and validation of course material and information about how the quality of fessons
witl be controlled. § think some empiricai evidence is required: it ought to be domanded to support some of the
directions that are being implemented in each of the veyy different strategies we have heard about this morning.
The educational community can justifiably demand evidence of the efficacy or the appropriateness of some of the
courseware devetopment approaches that were described this moming. Finally, | think that itis time (v pressure

each project to release opervational schedules for the transition of all aspects of this program to the schools. it is now
almost October 1, and these projects are supposed to be deliverying instructions oy Scptember of 1974, and lots of
things need to be done. To insure that the projects don't slide backwards into the schools and to insure that neither
one runs the risk of being judged a failure for the wrong reasons, § think it is important to move on 10 some of the
stages that | have just begun to suggest. | guess what §'d like to say just by way of conclusion is that 1 think that
both projects have gone a long way to date. | think there is a long way o go. | just want to remind everyone,
since.it wasn't a big part of the presentations this moming, that TICCIT and PLATO have a very strong obligation,

1 bulieve, to a community of users; and the two primary groups.in that commimiry are students and instructors. |
think that we wouid all do well to pursue some of the things that | have been suggesting.

Q.  Erie, could you say a couple uf things about your own plans for the evaluation study? In other words, how
it Jhapes up with what is projected ahead? What are your plans. and what-steps iie ahead?

A.  Yes, | can say some words. The evaluation plan that | recently proposed to the National Science Foundation
did not in any significant way get at, or proposed to get at, any of the issues that | brought up this moming. We
didn’t know what we were getting into originally. We didn’t know what PLATO and TICCIT were like. Doing this
evatuation is a lot like poking a marshmallow. You know, you poke it and it is warm and it seems to conform to

the poke and you take your finger away and it just pops back to where it was befcre. If you poke too hard, you do
irreparable damage. Then people say you are the evaluator, You are not supposed 1o structure the project. You are
imposing yourself too much. You are being too heavy-handed. In any event, we are willing to strike a balance, and
what we learn throudh our regular contacts with the participating schoo!s is a4t there are whole classes of social-
institutional varigbles that are really critical to whether or not TICCIT or PLATO are every going to become market-
able comrnodmes in the edicationai field. To be sure, there are issues of achievement, master certification and
placement that are important. This requires some kind of formal data collection instrumentaiicn, a lot like the
things that ETS has used in the past; aiso lots of new instrumentation—topical tests and criterian-reference tests
mentioned earher, and the like. But, we are finding, to usethe analogy | used before, that is just the tip of the ice-
berg. What really seems to count in the schools are the issues that relate to the role of the instructor, the way in
which this specific technoloqv 1s going to augment, replace, supplement, or whatever, his rale. The evaluation design
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s beconuing, we think, much more tesponsive, in the sense that we have implemented technigues for regularly inter-
. wiewing participants and we have got o serfes of questionnaires on mstructor activities, and that kind of thing. But
what we need is to stay in regular contast with instructors who wi can identify as participants in this program ami
. wpmh depar tvent chairmen, To protect us against oreating an artificial socivi » of “have” and “have-nots,” we .
~generahze this aspect of the evahuation so that we get to lots of people in participating schools who haven‘t ean
_. . marked or identitied as participants. So the courseware devefopment in both projects stil has a long way to go. We
- haven't gone very tar in terms of dewlq:&'lg any cﬂterim-mfemmed, or topical tests.

U Q. Are you lookmg at the process itself? The point cante Up earlier regarding the number of hours required 1o

: _ ;.deveiop e student hour of material. Jim mentioned 26 hours, § betieve, as a requirement for development. That is

“v . olamously an averaye, at best. If one looks at the spectrum of authors and types of materials needed, the differences
-y cevelopment time are some of the figures we need, Are there some on-site data sbout the processes used and plans

. toget data so that they are being collected now?

“A. Yes, we are wry interested in process. ahile 't comment, | am not willing to telf you what | think the
authoring requirements on PLATO are. For anyone that is interested, if | can use your phone fine, | have & program
written with the help of some ETS people and some help from the Laboratory at linois caliad “off data.” We are

laot ing daily at the activities of 44 authors on this system. We are getting a very good handie on the amount of time

..they spend at the terminal doing different kinds of activities tike editing and running in student mode, and the like,
We have a lot of data being collected on a continuing busis. That is why | am not willing to give you an estimate, |

U - thunk the estimate Jim gave you is certainly true for cartain kinds of authoring activities. { would suggest on the

‘ - basis of my ctivities that 26 hours of uthoring per hour of terminal time is somuething that you cannot reasonably
o " expect from many Tutor programmors. The people who have been around the lab for many years and have become

ST Tutor experts can, § am sure, get haif an hour of material or forty-five minutes of material in twenty-six hours. |
R think what we are finding, and this is in fact documented in a PLATO evaluation report which is available from

‘ ' Al Abner in the Ilinois laboratory, is that it takes about three months of half-time programming for a new Tutor

programmer to write dris first lesson. It takes three months of half-time programming for an author to write his first

x fesson - probabily a similar amount of time before he refines and augments and detiugs, and whatever, in a fesson to

o the point where he is ready to say this, “it is something | am willing to put up ta be used by a class of people.” This

is certainty more extreme than Jim’s 26 hours.

Reqarqu funding, | cuess PLATO is getting a total of $10,000,000. from-NSF A development like this, which
m.oves the industry shead of the theory that is available, would cost hundreds of millions of dollars if not done at
a university . If you look at the figures for the development cost of the LP record or colored TV, they would ke
much greater, Whattvw we develop in technology is expenswe

R

Deveiopment projects place a tremendous pressure on the people involved. | know the TICCIT group is workms
day and night, and they and the PLATO group are the best in the business. There seems to be no way to hurry these
developments beyond a certain rate. | guess | would argue with Bob Davis that in developing stme systems, the
increases in pressure, after a certain pumt, does not make performance go up. The pressure that exists comes from
interaction with professional peers. So far the pressure, in the case of . PLATO, has produced what some people feel
is 4 technological success, and perhaps it is. Now, { think it is time to demonstrate that the system cen also become
an educational and instructional success. There are several milestones ahead which these two projects have to resch
if they are to develop systems that work in the schools.
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‘COMMENTS ON THE PRESENTATION BY DUNCAN HANSEN

: ~ Rabert J, Seidel
Human Resources Research Organization
- Instructional Tenhnology Gmup

. 1. As | noted relevant to any computer usage in instruction, the use of task analyses, statement of objectives
in actwevement terms, criterion referenced testing, etc., all have ted to improvements in courses of instruction. In moit
© instances it is unclear that the computer has plaved a significant role. And indeed in Dr. Hansen*: presentation he
cites this point.

2. This, in turn, highlights the problem of the situationally specific findings which therefore require the
replication and extension of results gotten in one environment in another instructional environment. The example {
used at the conferance was that of Hurst's successful outcomes with audio/tutorial as opposed to the faitures indi-
cated by Dr. Braun and others, The point here is that unless and until explicit instructional strategies are determined,
the definition of innovative technigues by potential users are often mistakenly restricted to the superficial materials
or media as opposed to the pedagogy behind those technologies.

B Extreme care must be taken therefore in documenting the conditions and the strategies for administer-
ing the innovations in gach environment.

4, | found myself in general agreement with Dr. Hansen’s assertion that CMI if equivatent to CAI tutorial
in effectiveness should be used because of its lower costs to develop and to implement as a system for instruction.
However, my caveat is that the specific instance of abtaining such an equivalence may well be the resuit of a lack of
development of a clever adaptive mode! of the tutor in the CAl format. '

5. in general, | agree with the stated need for adequate file structures and inquiry computing systems and
take no issue with the presentation of the software portion of the paper by Dr. Hansen,

The following points ittustrate with concrete examples some of the limitations of Dr. Hansen’s sweeping
general assertions. | refer specifically to three Florida State University documents cited as supportive by Dr. Hansen.
However, | find them ambiguous at best and in some instances contradictory with his conclusions. Therefore, |
disagree with the broad generalizations from the research done at the FSU laboratory. Some of these points |
indicated during my presentation st the conference. Agdin, 8s | noted, it is impossible to deal with the vast num-
bers of studies conducted at FSU and referred to briefly in Dr. Hansen's paper. However, | will simply comment
on a few points in detail o illustrate the over-generalizations which | feel are part of the Hansen presentation.
Most of the research that has led to the very broad generalizations presented in Hansen's paper involved short
mstructional sequences on the order of anywhere between 45 minutes to an hour and a half worth. of instruction.
itis not at all clear that the material dealt with the hierarchically organized and rich materials of the usual
instructional environment. &

1. {n the discussion of anxiety in lcaming, Hansen states the foliowing: “The important results indicared

3 consistent inverse relationship batween state anxiety and learning, differential effects of trait anxiety, . ." Con-
trary to Hanser's assertion, the TR which he cites as support reveals that state anxiety and learning are positively
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~ wlated in some instances and negatively related in others. (See especially pages 29 and 30 of the Lee Rivers Tech,
Report. TR-21.) in addition, in that study in all cases where trait miniety was significantly related to the criterion
Kores of learning, the refationsing was positive, In other words, the findings are not nearly as consistent as the

. generalization made by m Hansen would seem to indicate. Another study rélated to the refationship between

-curiousity and anxiety also was cited in Hansen's presentation {FSU Teoh. Memo. No. 38). The relationship is not
at &l as convincing or clearcut as the Hansen presentation indicates. For example, an page 25 of the aforenoted
. Tech. Meme., correfations between a state curiousity scale, a semsation seeking scale, and an anxiety state scale
dte presented with no significant correlational finding between the state curiousity scale {SCS) and either the
- sensation seeking scale (SSS} or the A-state scale {A-S). However, the interpretation is given as foltows: “As

o expected the SCS was not found to catrelate significantly with the SSS. The expected inverse relationship between

Asstate and the SCS was found, although this correlation did net approach significance.” The sad thing about this
- thisinterpretation is that in addition to lacking statistical meaning, the numerical value of the SCS 'and SS8
correlation 1s +.17 whereas the numerical value of the SCS and A-state scale is smaller, —.12.

: .

2. insome instances, such as in FSU Tech., Report No. 12, where no differences occurred between teacner
control versus system control sequencing of materials, it is not at alf clear that the conditions of measurement were
such as to reveal important student-materials interactions which might have led to different conclusions from the
no significant difference findings that otcurred. In particutar, 1 see no path analyses in the data. Yot these are
essenitial 1o determine if students have a self-selection treatment tdok the prescribed tasks in any different order
- from the tasks which were sequenced for a second group. In sddition, the nature of the interactions betwe. - <ty
dent and materials as indicated above is also ambiguous with respect to the experimental treatment conditic..

3. In Hansen's presentation, the Tech. Report by Lee Rivers is cited as & major study of adaptive model-
ing at FSU. The results are generalized on page 20 of the Hansen presentation as follows: “The order of outcomes
in terms of superiority were adaptive model strategy, remediation for all strategy, a learmer choice strategy, and a
no-remediation strategy.” Yet if one looks at the TR in detail, we find that the results are not at all as general or
clear as are implied by this statement. For example, it should be noted that there were two levels of materials
prasented for instruction. The first four concepts were Part 1 of the instruction, and this part was the simpler
material and more familiar to the students. Part 2 was considered to be more technical material and more difficult
for the student and less familiar. There were 9 concepts.taught in all, four in the tirst part and five in the socond.
Only in Part 1 did the adaptive mode! group show significantly higher performance. However, as the author notes,
these results did not hold in exactly that way for the second part of the instruction. Within Part 2, the regression
model group and the afl-remediation group performed significantly better. . ., but there was no significant differ-
ence within the two sets of groups.” {p. 42, Rivers, 1972) So in the more difficult part of the task, the ali-remedia-
tion group was as effective as the adaptive model group. Furthermore, the mean time for the all-remnediation group
exceeded the adaptive model group by only 5 minutes. Therefore, the question of the practical significance to the
outcome, vis-g-vis using an adaptive mode! strategy, is questionable. For example, how much time did it take o
develop an adaptive model as opposed to simply using all the remediational capability available in the system?
Moreover, the rest of the results indicated that the leaming task itself showed a deterioration in performance in
Part 2 of the study to the point where it is of questionable utility to talk about the task as a representative
instructional task by the time concept 9 was reached.

tf | were to sum up the results of the study in terms of the order of outcome, contrary ta Hansen's inter-
pretation, | would note that concept-by-concept analyses révealed that in four out of the 9 concepts there were no
differences amongst the treatment conditions and in one of the other remaining 5, the all-remediation group was
superior and the superiority of the adaptive model was principally restricted to the more familiar, introductory
material of the instruction. Finally, | note again that the author describes the task as lasting roughly an hour and a
half in length.
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» MINI COMPUTERS IN EDUCATION
!

Ludwig Braun
" Professor of Electrical Sciences
SUNY at Stony Brook

© The presentations at this meeting describing the Dartmouth Computer System and the PLATO and TICCIT
systents are very impressive demaonstrations of the power which computers can bring to bear an the educationat
- process. { have asked for an opportunity to comment briefly on the role of the mini-<computer in education because
T believe that the proceedings of this meeting would be incomplete without some recognition of this role,

. Clearly, there are many computing jobs for which the mini-computer is not adequate. The enormous soclal-
sgience data files which the Dartmouth student has available can not be implemented on a mini-computer. Certain
kinds of very complex computations and certain very desirable languages can not be implemented on a mini-
computer. None the less, there is a great deat which ¢an be done in the classroom with mini-computers.
_ There are two reasons why | feel that the mini-computer is becoming an important component in the educational
arsenal. First, mini-computer manufacturers and soft-ware houses have developed and are continuing to develop
very efficient and very user-oriented soft-ware, so that the mini is much easier to use than was the case as recently
as five years ago. Second, the cost of mini-computers has decreased dramatically over the last decads. The price of
the Digital Equipment PDP-8, for example, had decreased by a factor bf 2 every three years, on the average, during
that period. Once large-scale-intergration hit the mini-computer, the prices should again drop dramatically.

in the Muntington Computer Project, we have had experience for about six years with mini-computers in
high schools, In 1967, when we were formulating the purposes of the Huntington Computer Project, Arthur
Meimed suggested rather strongly that we should explore the use of the mini-computer in the classroom, as well
as the use of time-shared terminals into a larger computer. One of ow major accomplishments, in fact, has been
the demonstration of the value of the minr-computer in thghigh school. The two high schools which started with
a POP-8 six years ago stilt have them and swear by them. insist that they would not have time-sharing,
because of the communication problems which can arise. In both cases, additional memory and additional peri-
pherals have heen added to the system so that the systems now are much more powerful than they were in 1968,
This indeed is one of the attractions of the mini-computer. For kess than $20,000 a schoo! can have 8 complete
eight-terminal time-sharing mini-computer. Certainly the class of problems which can be handled in such a config-
uration is not very large; however significant leaming activities be run with such a machine in mathematics classes,
for example. Further, for just a few thousand dollars @ year, additional components may be added to increase the
capability which will satisfy almost any high school teachet or student.

 {should like to relate also my experience with the use of a mini-computer in undergaduate courses in system
dynamics. We have a PDP-8 with only an 8K core and a simulation language called ISL {(developed by Inter-active
Mini-systems, Inc. in Kennewick, Washington). With this simple system (which can be replicated For under $10.000
including soft-ware costs) we can simulate dynamic systems of up to BOth order and containing {'‘me-varying and
nontinear components, On bench mark tests comparing our PDP-8 plus ISL. with a 360/50 using CSMP, we have
obtained comparable accuracy and have obtained solutions with comparable amounts of CPU time. At Stony
Brook, we currently are using this machine in an undergraduate course in bio-engineering. The students are study-
ing the dynamics of the respiratocy system, and of the transmission of heat from the core to the skin under various
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environmental circumstances. | can visualize the tine {in the not-too-distant future} when the teacher of Physio-
- logy or Biology or Engineering, e.g., will wheel a mini into his dassroom, and, using a language like ISL, will

| explore with his students the dynamics of systems which are far .nore complex, and far more realistic, than is
the case in most classroonts today. ~ -

One other aspect of mini-computing which is important in education is the advent of the mini-time-sharing
computer. Hewlett-Packard with its 2000 and 3000 series machines and Digital Equipment Corporation with its
TSS:8 and POP-11/45 systems already have had a dramatic impact on high schodl-leve! computihg. Probably the

‘best example of this exists at the TIES Project in Minneapolis, although similar activities exist in Colorado,
Northern New Jersey, ami Massachusetts, to name just a few.

-0 conclusion, | should like sn say that mini-computers have a potentialy very important rale to play in
education because: : : ‘

1. Their low price can bring computing paower into even the poorest schoo! system.

]

2. The computing power of the 'mini»mmputer is increasing dramaticatly because of both hardware and
software improvements.

3. Already the capability is entirely adequate for many educational purposes at :hé college level, as well
as at the pre-college level. :

4.  Their size and fexibility (eomparabté to the flexibility of a portable 16 mm sound projector) makes
them very attractive to the educator. ‘

5. Their lack of dependence an communication systems {compared to the dependence of time-shared
systems on comimunication) is very attractive partly because communication systems are responsible
for a sometimes unacceptable deterioration of system refiability, and afso because communication
costs frequently are comparable to computing costs, and can even exceed the cost of the computing.
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IV. ' PERSONALIZED, OPEN LEARNlNG
ENVIRONMENTS
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CHICAGO'S TV COLLEGE: A TELEVISION-BASED OPEN LEARNING MODEL

James J. Zigerell
Dean of T.V. College

It 15 g vommon fault of mhmutm-ag well s of critics of the arts—to evatuate a project without regard to , -

- ubyeetives the project’s planners and managers set for themselves, and without regard to the limitations under which
the nunagers st work, Nowadays, for axampe, in the world of instructional tetevisionst i only to be expected
that the sretic will coardemin an instructional TV project, or express misgivings about it, if it does not emplay the
expnnsive production techniques of the television commercial, even though the project has goals quite different
fram thase of the advertiser, is aiming at a narrow larget audience with specialized needs—and operates with a
hutiget far helow the six mdbion doltars of Sesame Street.

True, theve is waiting 1o be served a vast pre-schoof audience, weaned on frenetic TV advertising, possessing
. the fimnted sttention span of the chald, anit often suffering from the cudtural deprivation that comes from
impoverished home and tammily experience, The attention of this audience cannot be captured and held without a
massive mufti-sensory stimulation. But each instructional broadcast effort must be judged on its own torms: the
audience it selacts as its target; the nature of the educational service it provides this audience; the factors that
nperdate 1o make it “cost effective”; the instructional “void” that would result if it were not operable.

TV Colfege: the operation described in this paper —is a long established project. 1t is best approached, as it
has been a0 several published studies during the eighteen years of its history, as one—by no means the ordy-—-model
of an open broadeast-based educationsl extension. As a moded, it has been consistently effective—as effectiveness
is measured by the instruments famibiar to educators—in a large metropolitan area, containing some six and a half
miiton poputation, Every schaot year there are enough viewe: s who take advantage of TV College instructional
services to make the costs of open television production and broadcast manageable and “effective.”

Before | deseribe the elements that have enabled Chicago’s TV College to survive, while simifar projects in -
ather parts of the nation have proved to be short lived, an important disclaimer must be made a part of the record.
TV Coliege administrators and production personnel do not claim to have exploited the resources of the television
medium itself 1o reshape instruction or change learning styles, although over the past few years they have made
serious attempts to improve overall production guality and add the entertainment values to instruction needed to
recrunt and hold new kinds of audience.

Now fet us fook at the elements that have given TV College its distinctive shape as an instructional service,
discuss the overall management of instruction, and describye the measurement techniques which supply information
atiout aned help contral student performance and costs of operation. In particular, we shall be tooking at 1) the
obiectives of the project as they have evbived over an eighteen-year period; 2) the instructional system and its
overgll desam; 3) the TV Cotlege target audiences, their needs andd their performance; 4) the cost factor,

TV College s an extension of the City Colleges of Chicago, a two-year public community colfege. It is now
Pt of a umt tentatively called the Lesrning Resources Laboratory, a recently established unit that, when fully
developed, will provide a staft of leanung specialists and varicty of instructional materials for the seven colleges
making up the City Colleges of Chicago. 1n short, the purpose of the Learning Resources Laboratory is to further

navation i teacting avd fvarnng of the community colley: level.
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Oven color telecasts are presenited via the city’s pubilic television outiets: VHF Channet 11 and UHF
Channu! 20. Weekday daytime angd Sunday morning broaduasts are carried by Channel 11; evening hroadcasts are
carried by Channe! 20. For the }973 74 school yedr, however, the schedule on Channel 20 will be suspended, since
the station’s signal strungth mgd’ ranye are unsatistactony. {8 is hoped that within the next eighteen months the

~-Channel 20 antenna will be Muved 1o o Better focation and its transmitter replaced.

TV College talecou;‘s/;s are also available to Chicago area residents in videocassette (SONY U-MATIC, ¥°)
" recordings in certain Chﬂ:aqn Pubilic Libraries, as part of a recently .inaugurated project called Stwdy Unlimited,
whrd‘\ is hmded by a gi'ant from the Hlinois Board of Higher Education. Students can view telecasts at regularly.
schedutad times in gmups, OF Car arvange to view cassettes on an individual basis. The latter option wiil enable a
studenr 10 cummetn a course i less than the conventionally prescribed time,

it is also pnss:ble thut within the next two years TV Cul!ege materials will also be distributed to the
. colleges of !heéstv College system, as well 4s to health care institutions, government offices, and industrial sites,
v the four t.hunne!s of an 1TFS system, The university of Hiinois ~ Chicago Circle Campus has indicated its
mrention toﬁmke use of the system for professional in-service training if and when it is in aperation. The license
© - -will be applied for by the City Colleges of Chicago.

¢

ministrative directian of the Learning Resaurces Laboratory and TV College operations and planning is
emmjc d to an Executive Dean. He works under the direction of the City Colleges’ Vice Chancellor for Faculty and
instruction.

;’ It is fitting, of course, that TV College be an extension of a community college, since the community coilege
by‘ its very nature is committed to instructional innovation and services to citizens of all ages and backgrounds.

f_~' A valuable UNESCO monograph, The New Medis: Memo to Educational Plarmers (1967), was organized
, around the five edumtnogal needs that can best be served by 1TV, Aithough the compilers of this publication
" were concerned pnm;rﬂv with attacking urgent educational programs in the world’s developing nations, the
needs they .dennhed are ones demanding careful attention in the developed naticns as well. They are as follows:

1. the need for improvmq mstruction in the classroom;
2. the need to teach thase who are and will be teachers of the young and old;

3. the need to increase and spread l:teracy am! the skills of living in an urban,
technological society;

4. the need to provide continuing education for adults;
3. the neéd to provide extramural extensions of the school and college.

Since its beginning, TV Cotlege has been greatly concerned with alf but one of these needs. As yet,
unfortunately, it has done little to offer training in literacy and the skills of urban fiving. Nor has sach of the -
neecds been served wall. As for the one need hardly served at all, | shall indicate how TV College hopes to reach
out to those whose needs are not for formal adult or higher education, but for basic educational skiils,

Adults who complete all, or part, of the first two years of college by watching television at home are no

longer nows 1n Chicago. What started in September 1956 as a bold new departure in extending educational
opportunity, 4 three-yesr project undenwyrittsn in part by the Fund for the Advancement of Education of the
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Ford Foundation, has fong since blended into the educational fandscape of the Chicago metropolitan area, In
. - the wotds of an eatlier pudilished TV College report, the triaf years from 1956 to 1961 “showed that a jutior
colleqe pragram can be offered effectively an apen-eiveuit TV™ — without any sacrifice of instructionat quality.
 Acurabiting ayencios, professional associdtions, culleges and universities throtighout the Midwest accept credit
. tamed throught TV College without gusstion,

It utso quickly became apparont that the Chicago area, served by educational VHF and UHF channels,
- cuntains 3 virtuatly inexhaustibde audience of mature, highly motivated people capable of completing college
. cuursas by studying an their own. Onee the Ford Fuundatién want had been exhausted in 1960, the General
1 Supetintendent of Chicago’s Public Schools, who was then'the chief administrative officer of Chicago’s jumior
collegr system, rucommuded that the instructional television program be continued and supported in its entirety
by raxpayers” funds. Smce 1986, when the City Cotleges of Chicago came under the control of its owsn Board of
Trustees, the mstructional tetevision service has received only the warmest support from the central administration,

Over the past twaelve or thirteen years, TV College has regularly polled viewers’ opinions of its instructional
sorvice. An overwhelming majority report that they like their TV courses and, even more important, that they
enjoy studying on TV. The results of one questionnaire distributed to TV Goltege students who had gone on 1o
conventonal study in four-year colleges deserve mention. Most of the three hundred respondents stated that they
learnadd just as much by TV as they did in the conventional classroom. They stated further that the grades they
made 1 their conventional courses in four-year colleges.were about the same as their TV gradss, not appreciably
tower. Further—and this is not surprising, since Cmmgo s TV Cottege courses are produced for open-circuit
biroadcast—they ali judged their television courses to be better organized and more effectively presented than the
conventionally taught courses they had taken in the college t_o which they had transferred.

The tirst three years proverd that g metropolitan area t'ﬁe size of Chicago, with a potential viewing awdience of
some six 1o six and a hatf mittion people, contains a virtually inexhaustible audience of mature, able, and highly
maotivated students eager Lo enroll us credit students in coliege-level television courses.

The record speaks for wself:

- Over 150,000 individuals have enrolled in televised courses, with most taking no more than one
cOourse; -

~Of this total, some 80,000 students were enrolled officially in the college for credit;
-Another 70,000 studenﬁ have purolted unofficiatly as non-credit students;

~An average of 10,000 viewers watch every TV College program;

--TV College 1s on the air an average of 25 hours weekly;

~The student tetention percentage {that is, number of students who complete a semester's work)
sverages between 70-75%.

Here are a fow other tughlights:

- To date, approximately 2,150 students graduated from the City Colleges of Chicago took ane
semester of their work by TV,

- A sizable praportion of TV College students also take conventional courses on campus,
- Apptaxiandgtely 407, of TV students plan to teach,
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‘The tnsteuctionat System

&
Curricufum  Untif recently, what was produced and telecast was largely predetermined by the otiginal
TV Culluge vbyective, namely, endbling o student 1o complete the entire two-year college program leading to the

- Assocrate in Arts (ALAL} certifitate without teaving his lome, by combining television viewing and correspondence

studdy. General education courses--u.q., Natural Science, Humanities, Social Sciences—required of all students who
are graduated from the City Colteges of Chicago have been rotated at regular intervals, so that 3 viewer taking alf
* " hig college courses on TV can complete the two-year program feading to the Assotiate’s degree within three =

_ years or so. Two yeneral courses are offertd during each setnester of the academic year. But, as already indicated,
o hyost stutfents complete only four or fivee courses on TV. Very few complete an entire two-year program.

. Other ofterings are “electives,” made up of courses not required of all students seeking the Associates
- certificate, The preferences and academic goals of TV College credit students—as made known by their responses
- 10 questionnaires as well as by other surveys—have remained fairty constant over the past twelve years, Elective
- -courses are scheduled in clusters of "hands,” e.g., mathematics and sciences, business and secretarial skills, general
cultural subjects. )
Since the early days, 40% of TV Coltege credit students have regularly expressed a desire to enter teacher-
‘training curricula. Accortlingly, courses related to their interests have been scheduled each year—for sxample,
introductory courses in education (e.g., philosophy of education, history of edusation) and psychology. These
courses, especially when presented over a short eight-week summer term, also attract teachers looking for in-service
* training opportunities. For example, a Summer 1968 survey disclosed that of the 455 students enrolled in courses
- in Philosophy of Educstion and Educational Measurement and Evaluation, 77 already held bachelor’s degrees and
10 held master’s degrees; 6 held regular public school certificates, 26 provisional certificates; 47 had taught during
the preceding year in Chicago-area public and private schools; 82 had enrolled in one or both courses to fulfill
requirements for regular public school certification.

It is noteworthy that TV College experience in this respect forecast initial Open University expsrience in
Engiand, A sizable portion of the first-year's Open University enraliment was comprised of teachers seeking fuller
certification and technicians seeking higher credentialing. It is also noteworthy that there is now a surplus of
teachers in the Chicago area, a factor to be considered in future TV College programming.

Only recently TV College has begun to shift its curricula emphases, prompted by 8 number of factors. First,
the State of flinois requires that the public community college devote a large portion of its total curriculum to
technical-occupational programs. Second, the TV Colloge staff, always uncomfortable about its programming
holding appeal only for the relatively narrow audience capable of completing college and university courses, is
eager to present series which hold appeal and value for viewers whose interests and capacities are not academic.
What this means, in short, is that more introductory courses of vocationat nature are now being produced for open
broadcast. H and when an ITFS system is available—and if and when CATV systems are instalied within the
Chicago metropolitan area --vocational courses of highly specialized nature, aimed at groups much too smail to be
served by open VHF or UHF broadcast, can also be presented,

There have been noticeable shifts in audience praferences within the past several years. Some of these shifts
reflect changing student tastes of conventional campuses—for example, the decline of mterast in toreign language
study.

Audience imterest is pgrsts:ingt iy cultural subjects. Viewers still envoll in large numbers in art, music theory
and appreciation, philosophy, and bistory courses. This is not surprising in a major urban area in which are con-
centrated large numbers of prople who display the traits of what the studies identify as the ETV audience.

In recent years, too, mote proyramming has been devoter to “adult education.”” Usually these ventures are
supported by funding from untsicde sourees, Special series bave: been done in areas like Real Estate and Art
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Appreciation As yet, with the excéption of a series it cotisumerism, little has been done in basic “oping”
skidls  Witeracy, ete. 1t 1s expected--once an ITFS system is a reality—that ofterings m a variety of entry-level

- geetptational skills can be presented,

It sty seventeen yedrs of oxpevience, and-# steady tlow of information derived from student

quustionnaires, ae guedes in selecting and scheduling courses. By rotating courses carefully and not repuating

ther at too frequent itervals, o high tevel of credit and not-for-credit envoltments has been maintained,

As has alivady been inchcated, TV College is now seeking to broaden its Qoats"and-cdtivate audiences with

“meods diftferent frnn those of students seeking the ALA. degree. As a result, the years to come will see more

pragramimg witls an unmatakabily occupational and community service emphases.

< Reares of Courses  Courses prowd to be effective in achieving their abjectives are replayed as often as
three o fous times over a peniod of five or six years, No course, however, is replayed until it has been thoroughly

rvtewed amvd adited by its teacher, with a view to improving and updating. Usually the teacher will remake one or

two of the programs in their entirety and remake portions of other programs.

One thing shealid be noted with cespect to replays of courses: they must be scheduled with sufficient time
hetween showigs 50 45 to maintain the fevel of credit enroliment netessary to keep costs favorable. The level of
authency for cconomical operation is not constant. Usually a credit course cannot be offered more than once
every other year. '

Some TV College courses are released for reuses outside Chicago. Since 1966, the Great Mains Nationat
Instructional Television Libirary of the University of Nebraska in Lincoln, Nebraska, has handled rentals of cotirses.

- Courses are avalable in videotape or videocassette. Community colleges outside Chicago, but within the Channet

H swnal area, are also free to acoept enroliments in courses as they are broadcast, provided they supply local
caordination, Beginning in Fall 1973, TV College courses will be made available to all Hlinois public community
coiteqes without rental chames.

Interinstitutional use of courses has been slow to develop in the U.S.A., despite much talk about it. Only
within the past yewr have been signs that shared use is on the increase. No doubt the new emphasis on open learning
systems, prompted by the success of Britain’s Open University, has had something to do with this. On the whole,
however, faculty resistance, deeply rooted feelings about institutional autonomy, and the generally unimaginative
production qudhity of much mstructional television have impeded both interinstitutionat uses of televised materials
and anterinstitutional planning and development.

The Camponents  Anyone administering an instructional television service soon fearns that a telecast, no
matter how well structured or imaginatively produced, cannot carry the entire teaching burden, Printed materials
and appropriate face-to-face activities are aiso essential if a high tevel of student interest is to be maintained and
student success insured.

Every TV College course 15 accompanied by a syllabus catfed a Study Guide, the content and scope of which
vatiets with the nature of course and the preference of the television teacher. Every guide, however, does containa
staterent of course objectives, a detailed course outline, and precise instructions as to readings and written projects.

Ower the yedrs the TV Callege staft has discovered that the jodicious employment of seif-scoring and
programead ledrming matenals, based an either linear or branching methods, reduces passivity on the part of the
student, and, in fact, increases the percentage of students completing courses, When aditing series prior to
repays, teachers are encouraged to prepare such materiafs. Studies have shown that these materials improve the
rate of student retintion.
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The reqularly enrolled student varns his credit through one of the colteges of the City Colfege system, not
through TV College, He reparts to a TV College campus center for three examinations, The tirst two—or
" “midterm” - are vach one howr tong. The third--or “tinal”— is two howrs fong. Face-to-face confergnces with
 students aee schieduted several timens cdeh term. The teacher or coordinator of a television course schedules
himself tér telephone conferences evary week. i certain courses—e.g., shorthand, typing, foreign languamﬁhe
T telewiston student is required to attend on-campus ctas sessions as many as seven or eight times a term. '

. Most courses, too, entail a signiticant conrespondence component—that is, students mail written work to
- television instructors or other n,.m;m (r.aucd “Section Teachers™). The obgectwes and nature of the pm;ee'ts are

A spemheﬁ it the Study Guude.

The Faculty  Must tiuchers cone to TV Colluge from classrooms of the City Colleges of Chicago. It can be
. argued that this hes bicen nue of the shortcomings of the program, The Ford Foundation consultants, when TV

© Cullege planning was barely utderway m 1956, suggested that ceiebraied scholars and academic personalities from
- Midwestern universities be recruited 10 present courses, ,

* On several occasions, professors from outside the college have been recruited to teach courses—in Astronomy
and American Hrstory, for example. The experience has been somewhat disappointing, The only time the employ-
ment of an outside teacher has been successful is when his own institution made the television course ir question
one of their own offerings and evvolled students an their own campuses. This is not meant to imply that outstand-
ing professional tatent shoutd not be recruited wherever it is found. Certainly, colfeges undertaking the production

- - of courses on regional or cuoperatwe tiases will want to recruit, if possible, scholars and teachers with reputations

that go beyond their home Campuses. T

TV College has only seldom employed instructional teams to assist the television instructor prepare his series.
An important reason for this was the early commitment to produce a telecast that is essentially a visually enhanced,
carefully rehearsed classroom performance, a commitment dictated —and still dictated in part—by timited funding
amd the necessity of presenting a range of courses each term. The instructional team approach, if it is to be
effective, must have a television producer-member with strong academnic credentials—a commodity not readily
avaitable on this side of the Atlantic. Carried to its logical outcome, it would seem to fead to the employment of
professional actors or broadcasters, rather than teachers, as course presenters—a procedure which, desirable though
it may be under certain circumstances, is beyond the means of a single institution, .

TV College lacks, it 1eed hardly bse said, the resources of money and personnel required for tharoughly
“mediated” instruction. But even if resources were available, it is questionable that televised instruction intended
to impart cognitive learning and complex skitls can be divorced entirely from the teacher “figure.” There is a still
unexdamined premise which has taken root in the educational broadcast world—and parts of the academic
community-~which holds that the fastmoving, high-visual production techniques effective in inducing the
non-critical frame of mind needed for the willing reception of the advertising message—or capable of commandeer-
ing the attention of the pre-school and juvenite mind-—can be adopted wholesale by college and university broad-
casters. It is concevable that close analysis and orderly step-by-step presentation require subdued and unobstrusive
production methods—a tailoring of means to ends. All this, of course, is a task for the researchers.

1t is teue, of course, that the talent gond 1n most institutions, especially in two-year collegss, is relatively
small. But by careful recruiting and maintenance of favorable working conditions—e.g., adequate time for prepara-
tion and studio presentation, a full Summer for preliminary preparation and organization of study materials, and
a full semester with no duties other then studio recording- TV College has managed to recruit a roster of instructors
from City Cotleges of Chicagn campuses who have learned to teaeh effectively on television,
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TV Coliege Students amd Their Performance

TV Coltuge classifies crestit students as follows: a) Homeviewers; b) TV Concurrant students; ¢ TV-in-clay:
stadents, d) Not B credit students,

Moswviewers are credit students who watch classes at home or off campus and have no regular contact with
Grnpy activities. They muahe up 75 to 80% of the total credit enroliment every torm.

TV Concurrents ate students who take courses in the classroom white envolted in TV courses, They may watch
Caprn Tobecasts ot BIOane, O on Canyiis on vitleotape or vitdeacassette closed circuit. M‘V maku up 20 ta 25% of the
- ot enyotbnent every fermn, A -
)

TV-in-class viewens are students of normat college aye who view telecasts in groups in the classroom. Ia the
st they watched courses as they wore brouadcast on the air. Nowadays it is more common for them to watch on
. dosert enut broadeast, with programs transferred to onesinch videotape modes or videocassettes. These students
meet with d classroom teacher, who tay or may not be the television teacher, once a week for additional instrue-
tion. Thes kind of sostruction has iever flourished on camipuses. As indicated below, research shows condlusively,
however, that usselected students taking TV coursas in the classroom must have supplemental classroom instruction
if they ane to match the preetormance of adult homeviewers,

Not-forcredit students do not take examinations, nor do they submit written work. For a nominal registra-
© Tion fee {§1.00) they are sent course study guides. No official records are kept on them,

As might be expected, the students who enroll as non-credit viewers possess a relatively high level of educa-
tional backyround, Maoy have univessity degrees. They are the people one would expect to be watchers of educa-
twonal TV, They read hooks and serious magazines, follow community affairs, attend concerts and the theater.

Student Activities  Visitors to TV College always ask about the mechanics of planning and controlling
activities for thousands of students within seventy-five milo area. The present system, it goes without saying, was
developed only after.much triaf and error,

Since mast stindeots are removerd from City Colleges campuses, folders listing courses 10 be offered, the topics
of prodrams, texthbooks recisred, the broadcast schedules, and the places and times of registration, must be mailed
out edch term. Some 40 to 50 thousand copies are mailed out each term, and about 10,000 are distributed to public
Libstaries, schools atd public agencies.

Students enroll i all sevent colleges of the City Colleges of Chicago. Physically handicapped students may
register by mail, as welt as students who have completed several courses on television. A hurdired to two hurdred
stikfents are enrolled i1 penal institutions,

When students register, they elect a TV College Center to which they report for examinations and confer-
ences, The four centers are located so that students living in all parts of the city and its suburbs can reach them
easily

Al credht students are givert a copy of what is called a Credit Bulletin at the time of enrofiment. Thss
bultetn contains the dates andf times of examinations, the telephone number of tefevision teachers and times
when they can be reqctied, as well as other necessary mformation,

As gfready wndicated, students take three examinations in each course: two while the course is in pgrogress
and one ot the end, The Credit Bultetin indicates the dates and times of examinations. Most examinations are of
the abyjective, muttiple. chosce vasiety which ¢an he scored by a machine. All these examinations are “item- ana(yzm

"
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- tﬂat is, analysed with o view to determining what percentages of students give cotrect respom 10 items. These
analyses are sent to teachers to help them improve examinations. (# should be noted, too, that some teachers
| Teuie essays % part of examinations.)

. L As imiieated wartiar, teachers sﬁte(iu!e mmnsehes for two hom-lmg mephom eonfemqm each week, during
K wmch tines students may telephone to seek hetp or make comments. They also schedule open conferenses at
., which time they meet with their students.

. TV Coflege makes mmal proyisien for ham:capped smdems, Students mﬁmd to their homes or hospitals
. by tiness and physical defects are administered examinatiors by proctors—clergymen, nuses, or social workers,
. .. Students who are inmates of the three penal institutions TV College serves are admmistered examinations by
mermibeys of the grison mtucenmwi staff,

- QOverthe mst dozen yuvars, Chicagu s TV College has conducted carefid studies of student performance and
sh.m:d its uxperiences in suveral published wports. Early loterim reports, Final Reportof a mme Yaar Experiment
aud Chicago’s TV College, summarized TV activities from 1956 through 1959,
The: first-named roprt, simed at researchers and specialists, presented detailed statistical analyses of the
~ + performance of students taking coursos on apen-tircuit television. Daring the first year of the trial, experimental
attention was directed to compariy the achievement of junior college students viewing TV and studying at home
with that of students taking the same courses in conventionel classrooms. The performance of students watching
“TV fessons on campus amd raceiving follow-up classroom instruction was also studied. During the second year,
careful studies were made of the performance of the *"TV-at-home™ student and that of the eveniing students of
comparable age and motivation taking the same courses in conventional classes. To control the teacher variable,
whenever possible, the TV teacher was assigned to the on-campus ¢ ntral group. The third year saw experimental
activity centering around the use of TV series as direct instructic a for unselected junior coltege students of norinal
college age, Comparisons were made between “TV-in-class” and conventionally faught courses.

The authors of the Final Report came to the following geferal conclusion:

When evaluated by the technigues of measurement and analysis used in this experiment,
television wstruction s a thoroughly effective means of extending collegy opportumﬁas
1o at-home students in aft suh;ect areas explored in the project {p. 66).

Among more specific conclusions of inw‘:est were the following: 1} the at-home TV stixdant, typically a highly
motivated mature adult, tends to outperform his counterpart taking evening courses on campus, and 2) unselected
students of normal coliege age watching a TV course in class will not perform satisfactorily uniess they are
provided follow-up classroom mstructmn ;

The cm‘séstently high levet of performance of the TV at-home student does not signal any syperiority inher-
ing in televised instruction. We must look at the student. A homeviewing student sedected at random would
probably be a 30-year-old women—75% of the credit audience is female. The chances ar. excellent that she is
married, with a homae and children to look aftar. Her high school record was good. She probably finished in the
upperhalf of her class. Since she is kept busy as housewife and mother of small children, she can take only one
or two courses at a time. Probably she had no opportunity to go to college before marriage, or if she did, was
able to complete no more than a vear. She is interested in making a career for herself outside the home—either to
experience a sense of personal fulfitlment or to add to the family income. TV College courses start her on her
journey. Later on, then circumstances are right, she will transfer her credits earned via TV 1o another college and
80t (N conventional courses.

Data have been gathured on TV Cunege students over the years, Several thorough studies were made in the
mud 1960%s, including a Ph.D. dissertation, These studies tended to confirm the view of the TV College credit
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student as possessing s composite of fower middte classes traits~with a strong drive for upward mebility, interest
-t hearninny for the sake of personal advancem -, ete. Most TV Co"ﬂqe\ credit stuydents have been clustered in
Clower adidle class.and midele cldss comununities of the metrapotitan.ares, The greatest incidence of failure in

- TV Gultae petformance comes 1a stinlents who live in inner city and disadvantayed aregs of the city. For that

o Matter, awolments tmm these areas make up fitthe more than 5% of total en(oﬂmem

y

" Within the st few years, however, population movement out of the my aceelerated Credit enroliments
~from sulmrmn areas have beest reduced sharpiy because suburban areus Now su tmg public cammumity .

; colteyes are 0o tonger tenuired to iy tuition charges of residents who enroll in the bhlcagp system. (As indicatai

- TV Cottege 1s ttution free anly for Chicago residents,) TV Co!lege itself is now attempting to reach the disadvan-

e paaend sesprieats of the city’s poputation.

&

Them 15 4 real need presently for infermation about the new kinds of TV Coltege studenls Some of the data
_can be qathered thraugh the new Study Unfimited praject. As part of this dctivity, videocassettes of TV College
coutses e stared i Ch:mqn Public Library study centers, Several graduate students in Edutational Meastverment
- dind Evaluation assigsd to TV College and the Learning Resources Laboratory are now preparing an instrument
10 b listabuated to Stindy Undimited students who enroll in these courses, its purpose, Lesides gathering data as to.
- ager; dduarationat hax.kgmund ein., is to determine what the elements make for fatmre in off-campus independent
‘study.

" Costs
, ' . .
Anyone aoquainted with open-circuit television production Rnows that it does not come at cut-rate prices.
lrquiries about cost takes several forms: e.g., huw much does it cost to produce a single course? how do TV
Coltege costs per student compare with on-campus costs per student? What are the categories of cost?

Overall TV College costs cannot be discussed until the facturs entering into the catculations are identified.

* Significai. costs include those tor 1) studio production and transmission as established by an annual cqntract with

the television studig; 2} teacher, production, administrative-and clerical salaries; 3) reference and research

activitias, grapnic work, on-site filining; 4) preparation and printing ¢ study y. ides, promotional materigls, snd

exanunations; ) supportive instructional activities—follow-up classroom instruction, conferences, counseling, etc.;

6} inchirect instructional services, such as exar ination proctoring, special registration activities, etc. Not included are

costs for on-campus Library services, regultar registration sefvices, heating and lighting of classrooms and {aboratories
use by TV College students--services available from 8:00 a.m. untit 10:00 p.m. on City Colleges campuses whether

TV students are present to use them or not.

_ Since about 1966, the total annual amount budgeted for TV College activitic. -exchisive of foundation or

fecteral and state grams earmarked for special projects—has been between $800,000 and $900,000. Each year some .
$330,000 goes for studio operations, about $2/5,000 for teacher and indirect instructional salaries, and another
$250,000 for staff salaries, videotape and equipment purchace, and overhead.

The cost of producing a thirty-program {(45-minute} series is currently some $60,000, of which $35,000 goes
into studio production and purchase of videotape stock: $15 to $16,000, on an average, for teacher's salary : about
$7,500 for the services of a producer’s assistant, graphic artist, and scene designer; and anotter 82,500 for aominis--
trative and clerical support. Transmission costs for twice repeated on-the-air broadcast of an entire series add upto ..
another $§7,000. Added to this are the expenses of printing several thousand course study guides and examinations—
another 81,800 1o $2,010. Thus the tota' outlay for nitiat production and on-the-air presentation is some $70,000.
ft must be borne in mind that an effective course can be presented on open circuit, with only minor editing and
uptaging, as many as four or five times over g stx of seven-year span,

A gucich question, however, is the cost of TV College instruction on the basis of student o edit tours generated.
Pui more simply, how do TV College costs per credit hour compare with those o_f conventional instruction? The
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average cost per-credit-hour of instruction in the City Colteges of Chicago is $50.00. {A full-time student eamns
fifteen credit hours in a semester.) By envolling the equivalent of 500 to 525 fult-time students each semester
fabout 2000 individuats) and presenting seven courses, of which only three are being presented for the first time,
TV Cumege can keep its per-credit-hour cost at about forty-five doflars. Thousands of nun-eredst viewers are a!so
sefved

CONCLUSION

- The foregoing remarks have presented in outline what are the features that characterize a telovision-based
open-tearning system with, perhaps, the longest history of continuous operation in the nation. The model is one
-that does not lend itself to duplication everywhere. 1t has always bean fortunate in having enthusiastioc and
unwavering administrative support. it has also been fortunate in having an extensive broadcast schedule on & major
- public television channel. Above ali, it coutd not remain effective on a cost basis were it not for the large urban
. poputation it reaches, ‘

To continue to provide meamngfu! service, ct miust stay abreast of change in its wmmnky and seek out hew
_ audiences. B
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VIDEQTAPE APPLICATIONS IN ENGINEERING EDUCATION

‘ Lionel V. Baldwin B
Dean, College of Engineering ’
Colourado State University

P,

OFF-CAMPUS GRADUATE PRDGRAMS ‘;

The ragid pace of today’s technology and its industrial application has had a great tmpact on engineering
~ sducation in the Utnted States. Prior to 1950, the four-year bachelor's degree was the degme of c.aice for 80
percent of the graduates in engineering. Today, we graduate essentially the same total ¢ 1ass size, but over a third of
the stiadents receve gaduate degrees. The additional study and specialization which the 8.8, degree in engineering
effers has lead soma educationat leaders to arque that professional practice in the near fu(ure will require it as a
prerequisite.,

Approximately hatt of the M.S. degrees awarded in engingering today are eatned by part-time stutlents. At
least seventeen cotleges of engineering in the U.S. now use television to extend high quality, advance degree
education o students employed at locations remote from established campuses. These are on-going, diverss lvarning
systems which | estimate reach over 15,000 students annually in at least 700 separate course study groups.? Fach
yeear several additional colfeges of engineering bring simifar programs on tine,

Employers of Engineers are generally responsive, vecasionatly enthusiastic, 1 making available the in-plant
tacdities for video mstruction. My expenence in managing and enlarging the Colorado State University program
paratiels the findings reported in a 1969 National Science Foundation report on **Continuing Education for R & D
Courses”™ (2), The emplayers typically view the new video-based progran as an addition to their existing tuition
fund program and unfortunately, they tend to manage the new learning situation as an additional fringe benefit
for their professional statt. There dre few serious profussional development programs, but on the other hand, most
spneers do feel encouraged to particpate. Only about one-third of the participants are oriented toward degree
work; these tead to be the younger statf members, The majority of the participants prefer the university credit
courses for in-depth learming of the fundamentals of a subject as they seek ;ob-re!ated diversification of thetr educa-
tioe rather than a degr e.dt's worthnothingthatthe 1969 N.S.F. survey of 17 large R & C facilities found that the
university credhit course was the preferred mode by employees for continuing their education. The professor's
lecture was a mare popular fearming situation than employer-sponsored non-credit courses, short intensive courses off.
site, protessional meetings and in-plant seminars {2). Some media experts are inclined to argue that this preference is
due to many years of conditrtoning. Nonetheless, this preference does assist the video programming in this special
educational cortext, The non participants in the video- hased systems are generally older; this import - * :ssue will be
chiscussexd tater,

v deo delivery is now enahling mature, well motivated groups of practicing engineers and other professionals
10 participate 1n graduate credit courses at thewr place of work. These courses are regufarly scheduled otferings on
campus attended by full-time students. The dlasses are held in specially equipped studio-classrooms so that not
only the tectures buf also the student questions and discussions are transmitied. Appendix A details the facilities
use'd at Commdn St;mx Unwerstw wharh are typical of the classroom settings employed in alt programe of this type.

’1 Duse astirmats are « rudey, aoter of magnitute nuinbers given here 10 gve some idud of scale, The first pational survay af
these eagrans s fow underaay undur thae Juciance of 4 special task commuttae on 'Tha Cost | entivaness of Continuing b ngs

negrng Sradies by Tatevson”™ of the Amere an Socwety of Frginearing Eduration, Continuing Engineeting 5 Tudies [Mivision. The
Sty Ay Chaeman, M1 UCAert D Marss of Gencsys Systenns, tne, has prorasart o a8 1973 roprare
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~ Although the studio-clussroom situations are similar, there are a variety of signal delivery systems employed

“to link the industrial facilities to the campus. The first major system {1964) at the University of Florida employed
two-way, point-to-point microwave which was leased from the telephone campany, to tink the main campus to

skeveral extension centers in central Floride (3). in 1969, Stanford University began serving in-plant classrooms in
the San Francisco Bay Area with a four channet 1 TFS (Instructional Television Fixed Service) system which
teatured FM-talkback capability (4). Project Colorado SURGE (State University Resources for Graduate Education)
was the first (1967) to employ courrier carrier videotape as a delivery system {5). Some of the newer systems,
such as the Oklahoma System {6), now employ interconnected combinations of pmnt-wo-mnt microwave for long

" hops, ITFS for distribution in population centers and videotape for remote aress and make-up of missed broac-

casts. A list of the engineering college programs and the primary delivery systers now operating is included as

Table . Active debates concerning the relative merit of these transmission schemes once raged on the importance

- of interactive talkback during the class between the remote student and the professor, versts the great scheduling
flexibility of videotape systems. This has subsided end discussions now center on a rational analysos of population

. GEOURINGS iN & given reguon and economic analvsss of how to serve them wm: various proven techinologies. § want
to comy baek to this point later,

, L J
TABLE )
- Engineering Graduate Programs Offered Off-Campus by Television®
T rRogRAM_ T T DELIVERY MODE T
GENESYS - Unwversity of Florida Pt-to-Pt Microwave (legsed)
TAGE R — Southern Methodist ‘ P1-to-Pt Microwave {owned)
SURGE - Colorado State University _ Videotape
Stanford University : 1TFS and FM Tatkback
University of Tennessee Videotape
fowa State University Videotape
Unmniversity of Colorado ‘ Videotape
University of Minnesota ITFS _ ‘
~ University of Michigan Pt-to-Pt Microwave {leased) and ITFS
Umiversity of Southesn California iITFS
Unlahoma 1.T.V. Network Pt-toPt Microwave and ITFS
University of Californis at Davis Pt-to-Pt Microwave
University of Pennsylvamna ITFS
Case-Western Reserve University (TFS
SUNY - Buffalo ITFS
University of Arizona Videotape
Cornell University ' : Videotape

. *Thare may be a tew DrussiOns or new programs witich wore missed but this represents the suthors’ best knowledge.
L8t 18 approximately chraonotogkal.

P N S SV [ e e em e e hmeab o 4 e oM e s mam ke - 4 pa e An -

‘ A brief description of the SURGE proyram will illustrate many features comimon to these outreach. programs.
The course work is delivered to industries in the form of videotaped class sessions with supporting written materials,
produced for classes on the CSU campus. Every course in this program is a regularly scheduled offering on campus
attended by full-time students. The SURGE classes are held in specially equipped studio-classrooms 3o that not only
the tectures but also the student quastions and di=cussions are recorded on videotape. After the tapes are made, they
are packaged with class materials, assignments and examinations and carried by a8 commercial delivery service to
aach of the industriat and government locations. The class sessions are viewed on a regularly scheduled bass Ly the
off-campus students. The off campus classes usually view cillss pr,esentatlion two days following the on-campus

Y
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class; over 80 percent of these off-campus sessians are during regular warking hours. Tapes, howvever, may be
retaried by the industry so that sny person missing a class session may see the tape at some later time. After
beiig viewend at the off-campus location, the tapes are returned to the campes, erased, then reused to record
*other cla sessions, '

The SURGE students are required to complete the same assignments, reports and examinations as the
on-campus studunts. Laboratery work is frequently required in electrical engineering courses; the SURGE students
use the faboratory tacilities of their employer to perform these studies. The students of many courses need

o, computer facilities 1o complete assignments, Here agains, the industrial computer facilities are utilized. To
- minimize the inconvemence of limited fibrary facilities, the faculty frequently send a single Xerox copy of

reference articles to each off-campus section.

tn the 1972~7:§ acmtginic year, 34 industrial and government facilities participated in the SURGE pragram,
~ These are listed in Tabie H*

TABLE It

industrial Firms and Agencies Participating in Surge Program

Academic Year 1972-73
COMPANY OR AGENCY LOCATION
Adolph Coors Brewery Golden, Cotorado
‘Bali Brothers Corporation ' Boutder, Coloratio
Bell Telephone Laboratories Denver, Colorado
Canal Zone Society of Professional Engineers Balboa Heights, Canal Zone
C. F. & I, Steel Corporation Pueblo, Colorado '
Cobe Laboratories Lakewood, Colorado
Culorado Department of Health Denver, Colorado
Colorado State Penitentiary Canon City, Colorado
"Dow Chemical Company Golden, Colorado
Eastman Kodak Company ) Windsor, Colorado
First National Bank ot Denver ‘ Denver, Colorado
Hewlett-Packard Company Cnlorado Springs, Colorado
*Hewlett-Packard Company Loveland, Colorado
‘Honeywell, Inc., Test Instrument Division Denver, Colorado
°1.8.M. Corporation _ Boulder, Colorado
t amar Community College : L.amar, Colorado
Lowry Air Force Base . Penver, Colorado
- Marathon Ol Company Littleton, Cotorado
*Martin-Marietta Corporation Denver, Colorado
Mesa College o Grand Junction, Colorado
M & | Incorporated Fort Collins, Colorado
“Aountam States Bell Telephone Denver, Colorado
*Natianat Center for Atmospheric Research ; Bouider, Colorado
Nelson, Haley, Patterson & Quirk Inc. Greeley, Colorado
Northeaster Junior College _ Sterling, Colorado
Stearns-Roger Company ' ' Denver, Colorado
1.8, Air Force Academy ( Colorado Springs, Colorado
U.S. Bureau of Reclamation o . ) .. . . Denver, Calorado
US Burcau of Reclamation Biltings, Mantana
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Table if. tndustrial Firms and Agencies Participating in SURGE Program {Cont'd.)

COMPANY OR AGENCY

U.S. Geologital Survey

U.S. Geological Survey

White Sands Missite Rangs
Wuodwﬂrd de&rn&

Wyoming Highway Department

'é)rtﬁnaf tocations for nitiation of program, Fall 1967,

LocAY

1on

Denver, Cotorado
Cheyunne, Wyominy
Winte Sands Missite Range,
- New Mexico ‘
Fort Coliins, Colorado
Chayernine, Wyoming

@ e i e ———

Tahte 1§l is 2 summary of the number of courses and locations; and student enrottinents, both on-camps
and off-campus, for the six-year history of the program, The important features of this tabulation are the great
diversity of the offerings and the number of small, dispersed study groups. The SURGE average of reaching 3.40
students/section? and 3.78 sections/course is in sharp contrast to classical ETV style. An aveiage of 12.9 SURGE
students (3.40x 3.78} is added to an on-campus enrollment average of 15,6 students. Thus, faculty productivity
is almost doubled by the addition of the off-campus learners. This added production is nmamed at a reasonable

marginal cost a$ shown in Appendm B.

. TABLE il
Colorado State University
SURGE Envoliment Sumnwmry
1967 - 1973
NUMBER NUMBER
OoF oF
NUMBER STUDENTS STUDENTS
oF o ON- OFF-
QUARTER COURSES LOCATIONS CAMPUS CAMPUS
Fatl, 1967 4 7 105 189
Winter, 1967 9 ) , g - 132 249
Spring, 1968 8 9 100 206
Fall. 1968 12 | 13 283 341
Winter, 1969 15 i 14 306 320
Spring, 1969 13 15 314 288
Fail, 2969 15 . 14 209 336
Winter, 1970 14 | 14 262 295,
Spring, 1970 13 14 162 165
Feft, 1970 17 ‘ 15 232 403
Winter, 1871 20 19 289 . 316
Spring, 1971 18 . 16 235 202
Summer, 1971 6 6 1 51
Fail, 1971 R ¥ ' 23 410 s
Winter, 1972 = 24 . 22 353 284
Spring, 1972 2 - 20 - 3R 253
Summer 19?2 7 . 10 79 43

TOTAL/YR.
OFF-
CAMPUS

4 e e iy o

949

796

972

976

B ZA sortmn m s group of stisdents snrofl y) in & given course at one tocatior, Each sectiun ceceived an aciginyl Tape.
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Table HI. Colorado State University SURGE Envoliment Summary {(Cont'd)

Full, 1972 a2 24 527 426
Winter, 1973 30 28 750 426
Spring, 1973 31 29 367 275

Summv«", 1973 17 16 96 © 150 1,277

—————— e P

Students wy the SURGE program are envalfed as graduate students of CSU and are charged the regular
cesident, part-time tuition rate which is currently $26 per quarter hour. The particpating industries and government
_agencies provide playback equipment, classroom Yacilities and administrative support of the program. No other
charge 5 matk by the university. The SURGE students receive academic credit on official C8U transeripts. No
- notation is made to distinguish on-catmpus and nﬂ-('ampus students in the records,

White there is no ;;rescnhad gaticrn, each faculty member teaching on SURGE is encourary.d to make at
feast two visits er gquarter to each industrial focation for direct contact with each of his students in a class.
Actditional ive interaction between facuity and stutlents octurs in accasiona! teleprhone calls and more rasely, by
student visits to the campus. During the first three years of SURGE, the CSU Human Factors Research Laboratory

- conducted an educational evaluation of the program (7). These studies consistently indicated that the studemts in
the remote classes were attaining levels of achievement equal to that of the on-campus students, Later surveys
showed off-campus students’ attitudes toward the videotape method of instruction were more favorable than to
uther options available ta them, The faculty and on-campus students generally bave favorable attitudes as well,

Advantages realized 1n the videotaping of upper division and graduate courses for engingers and scientists i
SURGE are (8):

1. Videotape atlows complete freedom of scheduting of courses at each industria! location on a wo-day
delayed, regular sequence.

2. Videotapies may be retained for those mdw:duals who would gtherwise miss a class because of ill-
11es8s or travel.

1 Students both otf-campus as well as on-campus may use the tapes 10 review lectures.

4, Courses may e taught at tocations beyond the bounds of a feasible live ITV system (there isno ITV
systent operating in Cotorado 4t this time).

5. The capital cost of the videotaping operaticn is sigmﬁcanﬁy less than a live TV system capable of
providing the same oppurtunities,

6. Faculty may revrew classroom presentation for self-evaluation,

During the first .ix years of the SURGE program, over 50 engineers of participating companies have been
awarded M.S. deqgrees completely through the videotape program. Over 16,000 quarter hours of university credit
have been earned by other professionals without leaving their place of employment. Other benefits accrue direcﬂv
1o the faculty who have profited from the interaction with top practitioners in thetr area of interest. Much a! the
viahility of the programs stems directly from this stimulation.

Yo camplete this discussion of ott-campus graduate programs in engineering, let me return to the problem
of selecting the most cost-effective delivery system. . In a recent review of the program costs reported for the
~ Stanford 1TFS, University of Califomia at Davis, and SURGE prrogram, Loomis and Brandt (3} point aut that the
dominant cost in all three systems s admunistiative “overhead.” In fact, between $20-$30 per TV classroom
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fecture hour mwust be assigned for production and program management. This is the dominant factor in total
television system cost of between S30 and $50 per TV classraom lecture hout for these three systems.
Furthermore, another $4 to §7 per TV classroom lecture hour is required to outfit the TV classroom regardless
- ot typé of delivery mode. Thus, choice of detivery hardware is not as big a cost issue as one might assame at
. the outset and control of support statf costs requires relatively more attention. The decision process on a
delivery system in a given setting might proceed by first examining the eddcational issues and data, if any
- have seen only opinions so far) concerning live audio talkback. Audio tatkback can be surpnsingw axpensive,
pefhaps $1 to $7 per TV classroom lecture hour,

th:- decision is made to employ a svstem without talkback, the dacision as

to whether to use point-to-paint microwave, 1 TFS or video tape delivery
systems, depends arimarily on relative cost. §n general, widely scattered simall
class sections tend to favor a video tape operation; geographically concentrated
small classes tend to favor ITFS broadoast; and concentrated large sections over
potentially larger distances than the ITFS system tend to favor point-to-point
migrowave, {9}

On-Campus Undergraduate Pfosmm

The use of tetevision to reach additional, well-qualified students off-campus is a naturatl and non-threatening
‘application. However, the aspirations of and live options available to full-time campus students, as well as prob--
lems with faculty attitude, has {imited the applications of video technology in engineering education on-campus. |
O miy campus, many other .isciplines make far more imaginative use of video for instruction than the Coltege of
Engineering. Two interesting pilot programs, however, may be of interest. The descriptions wilt be brief and
anecdotal, not the “"hard stuff’’ now in vogue in educational technology circles. The. » programs are personal
favarites of mine, though, so | will risk the hubris usually reserved for a dean’s pet project.

Undergraduate study opportunities in engineering during the summer session on my campus have long been
a disaster area. We cancel more courses than we teach due to poor encoliments and the courses which are taught
operate at the same cost as a regular session but with a third the enroliment. This past summer session, however,
we confidently announced we would offer eight required freshman and sophomeore courses and we did teach aif
eight ar less than half our usual summer session unit cost. At the suggestion of several enterprising faculty mem-
bers, all eight courses were taped in a SURGE classroom as the course was taught during either tive winter or
spring quarter. Copies of all class handouts, notes and problem solutions were filed for use with the videotaped
lectures during the summer session. A faculty member met each class for a two- to three-hour problem session
each week. One of the professors experimented with a modified Keller plan {10} in which the student could view
the tape on his own time schedule, follow a supplemental printed lesson plan and have open access to an under-
graduate tutor. An extensive evafuation of the program pointed to numerous areas in need bf cmpmvm‘?ent but
on the whole, the students understood that the videotape was a necessary ingredient to assure the diversity of the
offerings. They reacted much more favorably to this experiment than they did to some of our earlier, ill-fated
~ attempts of severat years ago which occusred during the academic year.

This coming academic year one of the facuity members plans to offer a lower division elective course in
this modified Keller method on “Introduction to-Experimentation,’ packaged by Dr. Eriest Kabinowicz of the
M.LY. Center for Advanced Enginesring Study. Later in the year, he will offer an upper division elective course
based on video course materials we are requesting from the Bell Telephone Laboratories. Pefhaps this enriching
mode of intraduction will encourage the use of gquality video packages leased from other so they will find an
appropriate miche in the reqular campus offermgs

My other pet project is a freshman engineering program which has proven very popular over a six-year span

of devetopment {11). They key factor is a strong personal association which the students develop with their
engineering professor-advisor during the year. A specific group of 25-30 freshmen are instructed for the entire
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Figure 1. Satisfav:tion survey results for freshman engineering course.

The educationd! technology compionent of this prdqs am 15 an outgrowth of mereased engineering faculty
awareness of the problems incurred by freshmen. Following serious complaints that the residence hatls were noisy
{c.g., "My roommate who is studying X never studies.” ), we had one wing (of four) ol i co-educational dormitory
complex closest to the Enqineering Buldueg reserved far engingening applicants, A lounge area was outhitted with
blackboards, electromic calcutators, refercnce bouks, and maenaed reqularty by undergaduate tutors chosen on the
basis of high scademic abiity and qood personality . Another toom housed o Compater Managed Learning System
toerminal {(12) which otfered instruction on the shde rule and a computer card punch.,

Each roam n the residence hall has an outler 1o two CATV systems, one of the dre commercial gret ETV !
broadcast stations and the other channet operated by the Colleqe of Engineerig os 4n STV program to supplement
classroom credit offerings. Three channels were reqularly operated on week offernngs, Three channgls were regularly -
operated on week days from about 10 .0.m. 1o 10 um. fast acadenue year. One channel continuously presented the
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. day's schedule and special announcements concerning campus events, seminars, student society meetings. The '
~ othdrwo channels repetitively presented coordinated programs on college algebra, calculus, study skilts and
FORTRAN. To increase viewing, the graduate student in meteorology presented a focal weather report three times

© 0 -a week. Fifteen engineering orientation films obtained from vatious technical sacieties, government agencies and

other universities were shown regularly throughout the year. At the end of fall quarter, 87% agreed (87% strongly)
that “a special dorm for engineering students is a good idea.” A total of 85% agreed that good use was made of

the special facilities provided. Frankly, | was samewhat disappointed that the supplemental CATV instruction did -
nat réceive better use. CATV instruction faired poorly compared to the tutors, though 1 suspect CATV did yuite

| well compared to the university library! But to our surptise, the students made excellent use of the engineering

" arientation films without the stightest facuity encouragement. Over 68% of the students in the dorm watched the
orientation fitms (which are a mixed lot!) voluntarily, on their own time and reported that the filins tedped them.
“Pledse bear in mind that traditionally the most unpopular event in the life of an engineering freshman is'to be
required to watch these same films in large lecture halls in what traditionally was calted “Dean’s Lectures.”
trelinve this Fint is worth systematic examination, Carcer quidance information might be welcomed on community
and campus CATV systems, The surveys | have seen convince me that it would be very easy to improve oh the
traditionat faculty advisor in this arena. ¢

Some Challenging E xtensions

The SURGE program, and others like it, does not serve the educationa! needs of many engineers where the
TV signal reaches. The program assumes that the off-canmpus students can sttend and learn in the usual carnpus
graduate courses. This + ¢! :asty not true. The mathematical background in use by today’s student far surpasses
the original training of most 40-plus year old engineers. This point was brought home to me in a recent survay
which we conducted in one of Colorado's fargest aerospace firms, From a professional staff mailing list of over
3.000, we mailed a questionnaire to three groups:

Group A — All cuimnt SURGE students.
Total mailed: 68. Returns: 45, or 69.4%

Grmm 8 — A random sampling of 70 former SURGE students, men who had enrolied
before but were not longer in the program. '
Returns: 20, plus 9 undelivered, or 28.6% usable returns,

Group C - A random sampling of 250 names from the entire st of over 3,000.
Returns: 76, or 30.4%.

Tabie 1V summarizes the responses by age, marital status, and degrees. Note the striking skew of Groups B and C
to older employees in what is otherwise a simifar total group. There is a need for specially designed courseware
for the older engineers which the graduate curriculum does not satisfy. The problem here is largely an economic
one, because the universities do not have on-going campus instruction to add these potential students to. if you
add the usual direct cost of instruction, say $100 lecture hour, to the video system costs of $30-850 TV lecture
hour, he funding problem gets tough. Yet, these employees do need an opportunity to revitalize their education
at mid-career, because the social costs of not doing so are great indeed, Perhaps the federal government should
examine this problem and identify an appropriate role for its involvement. The problem s of a “‘software cost”
nature, not defivery hardware or methodology.

A second opportunity is in the area of career guidance, The orientation films now available are generally
marginal at best. We need*honest, timely presentations not the heroic propaganda of yesteryear. The opportunity
to inform young peaple about the career aptions open to them through the use of guidance films on CATV is a
real one. It is information that young people seek which can be supplied via a medium which fits thew life
style. Quality films are needed.
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TABLE 1V |
Co
Sumsy of Enginegers st a Mapt Culo‘ado Aerospaee Firm

PERCEN‘I‘ RESPONSE

AGE GROUP A GROUP B '~ GRourc
20 2 20 10 3
2630 18 : 25 20
31.35 27 5 22
3640 - g - ' 15 13
43 45 2 26 20
46 50 0 15 16
51.55 2 0 4
56-60 0 0 3
61.up 0 0 0
“ No Respoase 2 5 0

MARITAL STATUS

€

Muarried 89 85 80
Sigle 9 10 16
No Respronse 2 5 a4
DEGREES
Partiat 0 0 3
AB or AS 2 0 3
BS 78 70 / 57
MS 16 15 / 18
BA 0 0/ 4
MA 2 0 1
PHD "0 ’ 0 / 4
Other 2 15 4
No Response 2 . 6

50w have several unreldated owrevs,

The open learning concept is rec'ewmq a great deal of attention now, 174 structures are beginning to take
shape in parts of the Urnited States. | have vet to hear of an open learning system which would employ the open
dour ur TV stidio-classroom techmigue atready proven economucal and edficationafly sound in engineering graduate
proyrams. Why not add students to campus classes as we do in SURGE and reach these people in their humes via
CATV or i study qroups at thes place of employment? | have heard mm.h about the shortcomings of “the face of
the tube,” tiut { have yet to see a plan which would inerease higher educational praductivity s1n a more natural
tashion. The oovious advantage of the SURGE methodology is its low cost and qreat diversity of course vare. Many
of nur US. unwetsities have the traditions and atility to explore this ssimple form of cxtendmg classroom learning
sttuations to nearby locatians, Shoulda't it at teast be tried as o part of our geneeal exploration of the apen learning
mm.um?

The pubhc pobicy and adiisteative issues assaciated with the mtrmfuctmn of educationat technology are
complex. But as ¢ muddie level managee in higher education, | am more coneerned with old budget prractices which
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preclude a fair hearing of technically based instructional options. The total lack of consideration which is given
to capitat outlay amartuization in budget preparation can nc longer be tolerated. in a growing system, physics!
 plant construction may be financed over several years by borids. But rarely do public otficials make a degision
" from alternatives which recognize that most technically based options are capital intensive and will not sutvive
a budget exevcise which focuses on minimum expenditure that year. State officials strive increasingly to control
- annual expenditures and rightfutly so, but ““tight budgets” are wedded ta fixed labor costs and perpetuate the
‘spirdding costs of a tabor intensive system. | bielieve that officials managing federat programs must recagnize that
) inndvational diffusion is greatly inhibited by our inability in education to plan capital expenditures properly.
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APPENDIX A
SURGE FACILITIES

Stadio Classraarmns Oue at the fow CSU studio classroums s tustrated it Figure 2. Each classroom is
equoapted with ot least tave cantnras, A camory owr the mistyuctan s dosk allows him ta display written oy
dltistrative mutuiials, The msteactur controls the ovethusd camera for functions such as z0oming, tocusing and-
COMHISIN. A Monitor 4t the mistructor’s desk displays the picture being geneMated by thi overhead camera,
Avrother comeri a1 that back of the room 1 maunted on g pan ult head; this camera is controlad by o technician
10 the ceatral tecmd facility . The technician My remotely pan-tildt zoom and focus the rear camers. H the
UBIOCTar govs to the thiree paned chatkboard or walRs aroumd the room, the technician foltows his movements.
A wade aghe, fixed comera at the front of the roam s located (o puck up a segment of the student class, By
mwdon of syvitehen af the instructon’s dusk, the instructor selents the camera which is to be recorded. Two rooms
Bave split-screen tagrbulity which attaws the instructor ty show two fHctures on g “ngle screen. Two monitors
e dotatod at the B ont of the room to allow students in the class to sei il material presented via the overhead
Camesa. A button is located in tront of cach student to activate an owerhead micraphone, which picks up the
frestions g other didoque between the prafessor sined students. Because students sometimes fail to pushy the

mcrophone button, o simitar button is located af the usstructor’s desk and the console at the recording head.

(rarters,

Twa of the studio classtooms are dentscal 1o That shown in Figure 2. These rooms each seat 30 students. A
trd stadio-clsssroom was tailored for the needs of the highly interactive instructional methods which are commaon
i the Caolteye of Business, Thus semings roony accommadates 16 stidents around a large oval table. The TV
tamera arangament s simidat to that outhned sbove. A fourth studio-classroom seats 129 students in a small,
wedge shaped auditorum,

Control Consote  Eicr chassroom has an individual consale gt the recording facilities where a technician
{treuently o work-study unirlergraduate student) s employed whenever gn instructor 1s in the classroom. Fgure
3 s view of this ares. The techinician uporates the back camera electronically trom this location. Mo has tele-
phone comnupucations ta the protessor and can overrnide the audio gain. Courses are not rot earsed, thus, the
techinucrsn bistens fo the chisvs presentation and takes verbal caes s a8 to display the best prcture possible on
vidden tagse,

Revord Area  The record facidity shown in Figure 4 consists of thirty-two video tape recorders and
Montors ot whieh tapes are made for the cemote locations. An origmal video tape record is made as the class is
conducted on-campus for cach off campus section. A switcher designed by the television staff  used to frogram
the nedded numbier of récandiits tor apy qivent couse, The number of tapres needed for each classroom varies
from howr to hous,

Tape Delivery  Each video tapne i the mventory s qven a number. A card catalogue 1s mamntained on atl
tapess cecording the tocation of vach wideo tape wathin the system. Tapes are packaged i fibyr shipping cases and
seddiessedd for the proper destuution Each overing the Lapes arer preked up by commereial courer (United Pareel
Setviedd for debivery the next day ot cach 1emote bacation., Approximately 400 tapes are shupped to the remote
tocations weekly,

in-Plant Classroom - At most in-plant locattons, a mudti-pur pove conference room serves as the seqularty
seheduled $HIRGE classtoom. Dne of two 23«nch TV mositors ancd g wideorscorder are the only special equuipment,
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In 1967, Ampex onevmch tape :mchma were empk:ved solely, but less than half of the lomuom mw rely on
this machine. The most popular machine in use foday is the half-inch EIAS machma, but :t s tmmg favor to the
thiee-quartir-inch. Cassette recordet. CSU swplms all thme tape formats. :

Amumxsﬂ
cosrnmvsasorsumamosnm S

o, The smtttuuoml semngean greaﬂv afhct thc m of a:w P‘W ln ordef 10 pmmy queltfv the mfw
' matson té be presented concerning. msts  of the off-campus pmgrams abnefstatement cmcemmg the’ cmmdo
&ate Univemtysettmg i in ocder

- Co!otado State Ummoty m !967 did not h:m- a tmturv of etther off-campus gmerat extemm of evmim
murses offered m-camm for part-ﬂme stu&nm Comequently, the unwevsmr had ho adﬂﬁmstrame smerstmeture
-t0. manage gene(a! extension, Faculty were nat aectmamcd to extra pay for oﬂ-cempus or evening instruction., -
When the SURGE pmgram was intigted bv the College of Engmgamtg, the Dean of Engineering chose to mtewate
_the activity into the resident graduate prograns of the depertments. The Dean of the Graduate Schoot obtained
.approval from the faculty committees and faculty govermnem far the ckanges of traditional Tules necessary to ..
~ accomplish this integration, The faculty, therefore, added the paut-tinte students to regular classes with the fult .
- expectation that waditionat stamimls of graduate student attainment would be met.-{t was also possible to obtm
- the full impact of increased Facuity pfoducﬂvitv without the burden of & new administrative structure. ...

Ot the othet‘ hamt the Universaw had taken steps in 1985 {1 orqanize mela suppon mthm the Ofﬁce ot
Edueattmai Media as a central  service. mgamzatmn The. function of this orgamzatmn is-to-provide University-
wide media support through its five operating units: Audiawisual, Graphtu. Motion Picture, Photogtapluc and
: " Television Services. The total fevei of expendlture of the Office of Educatmnat Media for staff and expemes int
L 1912473 was apprmtimatelv ssaomo C e

. M\en tete«ismn was smplemnted on cCampus at Outomdo State Um\fefﬁltY in 1965 a teiemsuon pohcv was
_ddopted by ‘the governing board which placed the responsibility within the Office of Educational Media for:
- eneval supervision of all TV programs, purchase, inventory and miaintenance of afl equummt.aﬂopemm
T - funds for the production and distribution of tefevised materials for resident instruction. Professional staff were
T 7 employed for the television operation. Moreover, staff of the Office of Educational Media had demonstrated a
strong willingness and ability to deliver. Thus, the ptacement of this responsibifity was not a function of '
authority but rather 3 means of obtaining a coordinated, well-mamwd program with an avoidance of splintering
- and duplication.

Projects such as SURGE, .CO-TIE, HI-TIE and others have been smoothly integrated into an active campes
program. There are seversl advantages to this procedure. Much test apparatus and other equipment needed for the
on-campus program is avaifable to be used for the new off-campus program. One highly qualified television engineer
is able to design the off-campus program components as well as the growing campus system of TV. Video tape,
recorders and related items are bid in University-wide quantities, thus reducing cost. Technical standsrds and equip-

. ment compatibility is maintained and improved utilization of beth facilities and staff is realized. As the off-campus
programs at Colorado State University expand into mahy disciplines, the inclusion of such efforts undet a single
service organization continues to be advantageous. OF course, all academic decisions remain the responsibitity of

" tha academic departmants and colleges involved.

The cost of instruction for the SURGE program which serves practicing engineers and professionals in

industry can be estimated with precision, because the program has comp!eted six years of operation and attained

i

Avnes maferml a8 apposred i TWO prevIous unpuhhwsd CSU reports (refs. 13 and 14},
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_ arelatively stable levet of activity. The following discussion concentrates on this program aithough much of the ‘

“.information on the cost of operation is applicable generaily to al regularly schaduled courses video taped for
ise off-camputs, o ‘

Faculty productivity measured in terms of student-credit hours, increased significantly in SURGE coufses.
The five-year average enroliment of students per course is 16.2 on-campus and 18.2 off-campus. There has been
no adjustment in faculty teaching schedules due to this additional load, Rather, grading and graduate assistant
help has been supplied to-accommodate the increased enrofiment.

The “direct cost of instruction” on-campus in the traditional mode is defined here as the instruction cost
{faculty salaries) divided by the total number of student quarter credit hours associated with that instruction,
This index is frequently cited as a measure useful for comparing regional variations between similar schoals and
between various disciplines. Clearly, although a dominant cost in most instruction, this factor does not represant
the total cost of instruction. The direct cost of instruction on-campss in the CSU College of Enginsering
averaged over all levels of instruction in 1972-73 is $37.46 per quarter student credit hour {qt. cr.). Comparable
 data gathered by Dr. F. E. Terman and averaged over seventy-one éngineering colleges yields $49/qt. cr.

. Engr. £d., 59, pp. 510-514, {1989); a six per cent annual increase was assumed to update these data). It is
widely recognized that graduate level instruction is appreciably more costly then undergraduate and that wide
varietions in this index are usually found between the physical sciences and social sciences. For the M.S, level
 SURGE courses which are predominantly in engineering and mathematics, the CSU direct cost of instruction
on-campus has been &stimsted to be $65./gt. cr. This figure is viewed as a conservative estimate for graduate
instruction which avérages 16 students per course, Any effective, non traditional instructional system would
generally be expected to compete with $65./qt. or. if introduced on-campus. We apply such a comparison
diractly to the off-campus instruction of the SURGE program. '

| The cost of the SURGE program can be divided into three broad categories: (1) amortization of equipment,
recording space and 1apé, {2) operating cost of production, delivery and program administration, snd 3) - '

incremental direct instnmiéml cost of adding off-campus students to existing classes. We discuss these cost

categories in the following paragraphs in.a manner which makes the scaling laws of the program clear. That is,

we will focus on the cost of recording a class hour in a studio classroom plus the cost of making end delivering -~ -

tape copies with instructional support.

: E‘qu&jmmr; Recording Space and Tape — The cost per hour of recording is domineted by the amortiztion
of the $26,000 for the remodeling and equipping of a studio classroom and control console. Table B-1 gives the
details. Assuming five-year amortization with six per cent interest and 1000 hours per year of utilization, we

catculate $6./r. Nute that anfy the cost of the TV facility is considered, because a regulsr on-campus class must

be held in a classroom, and we are interested only in the direct cost of adding off-compus students vis yidéo tape.

A video recorder and monitor {SB00) was smartized over three years assuming 1000 hours/year of use and
six per cent interest. The resuttant cost is $0.30/hr.

| _An hour reel of 1/2-inch video tape purchasad in large lots costs $20. An average life of 100 uses yields
$0.20/tr. The video tape original copy which is costed here is not distributed to off-campus students, but rather
sarves as a redundant or spare copy to insure system reliapility.

. The central recording facility space which houses the control consote and a single reconding unit is 300 sq.
ft. This space was valued at $30/sq. ft. and amortized over 40 years with interest. This cost increment is $80/hr.

The total cost in this category for recording an hours’ class time is the sum of the above or $7.10/hr.

Each additional tape copy requires $0.30/tape for recorders and monitors and $0.20/tape for the tape
inventory. That is, the incremental cost in this category for each additional tape is $0.50/tape.
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ISvncgénera(or e S T 1000
‘&Banmtmntwiumt o T T 100
STVmomtorstO e L 800
| noomtemes@x U IR T 208
- lmtructmn deskmth mntrot umt sphtsam ‘. ; . - T e v‘ :".-5
o generator and back pack plav back smrﬁey' o . 4,000
 Electyonic contiof, amphfcers cabiesspecza& R
rmmwu'mg B e 2300
Master Cm\tmi TOSEE | mth Wmmtom ) : ,' PR ‘
swm:hmg unit L , . S 5600
Studtio classroom a.: untmicmmg and : ' S
-necessary remodeling 6,000
Tota!Cost ' $26.000

. — . - R . - — " R

o Operating Cost of Office of Educational Media — The basic aperating hudget for production gnd program
managerment at CSU for the current fevel of activity (BO coursesfyear) is $60,300. This budget includes fractional

time of an administrator, a progvam coordinator and 3 TV engineer plus two full time TV technicians arxt a

~ secretary. Other direct costs include student labor, supplies and spare parts, travel and telephone, and pmﬁam

correspondence. At the level of BO courses per year or 2400 recording hours, this base operating budget is $25.25/

recording trour. Detaifs are given in Table 8-2.

A recent survey of both the CSU va'eotape system, the 1TFS broadcast system of Stanford University and the
microwave link of the University of California at Dawis and the AE.C. facility at Livermore showed these “overhead
costs” to be dominant in all systems. (ref. (9)). ’

Each tape copy of an hour’s length requires an additional $0,50 for tape handling and $2.50 for round-trip
delivery by commerciatl courier. The incremental cost in this category for cach delivered tape is $3.00/taps.

2
. Operating Cost of Instruction — The facuity does not receive any additional pay or work load aﬂow for
teaching a requiar campus classs in the studio-classroom. So there 15 no instructional cost for the recording hour.
Rather it is the instructional support of the off-.ampus students which must be estimated here. The marginal cost

of addint 15 students to 8 3 quarter credit course is assumed to be 10 hours/week of graduate teaching assistance to

help the professor with all aspects of the instruction. This allowance amounts to S1.00 for each off-campus student

who views an hour length tape, or if we fet S be the average off-campus enroliment in a SURGE location, $1.00

S/tape. To this incremental direct cost we add an altowance for secretarial support, supplies and telephone of $0.30

for each off-campus student who views a tape, or $0.30 §/1ape. A travel altowance of the direct cost of faculty visits

to the SURGE locations is §1.26/tape, independent of the number of students in a location but directionally
~proportional to the number of tocations {or tape copies made esch recording session).
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AEVEL . WEVEL
. Administratos . g20000. . wBtime . $2400. . . . $ 2400
Coordinator, - $16000. . - %time co 0 oog000. 12,000,
o o % time S | o -
" TV Engineer, " $15,000. O Hetme 3000 . 3000,
. | L 15 time : .
TV Technicians $10800. Ztglitime 21,600 92,200,
. | . . 3full time | : o |

' Secretary, $ 5,300. 1 full time - 5300 8,000.
1% tull time

Studem Labor, @ S2Mr 3000 hrs. 8000. 12,000.
6000 ts.

Travel and Telephone | | 3,000. " 3,000,
 Suppies and Spare Parts 8,000. 11,700,
Printing and Mailing Announcements 3,000. 3,800,

$60,300. $89,100.

. Allocated to sach master recording on an hourly M,Mmtmm

%—'f% = $26.15/Mr. Current operation of 80 courses annuatly.

!

89,100

00 = $18.36/hr. Expanded opsration of 160 courses annually.
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. BEST COPY AVAILABLE

] votamsPse ' |  opoearsezm
S RECORDING 1 DELIVERED
- | | . B MHOUR .. TAPE
" Equipment, L L
Office o E:*ﬁ::‘sﬁt | : . : 25.16* ) - 300
| ,tm_mcton::ing ) | - : 125+ 1,305 '
Totst ’ - $32.25 : “754-51.305

© . *Sasact on ability 10 operats at currant OSU m of Mmm Thhviu.hneomn about 818,38 for enlevged program
d 180 courses/yr ar,

-~ The CSU unit costs of off-campus instrustion for the 1871-72 SURGE programs can be computed from these
costs factors. The following enroliment and program data are required:

Total Courses = 69
Yotat Sections* ' = 281
Total off-campus enroliment = 883

Tostors, =05 =278 F‘) (Wdimm)

S=-——-~=340(

and let C = 1.00 qt. credits granted for 10 contact hours of cuurse work,

) ()

(av off-campus student credits

course

where ‘ oiqtfars ) is subdivided into fixed cost/course hour pius variable costs/course hour.

recording hour
e 0100 - ((532.25+ [84.75 - $1.30] N)
NS5 C
@_2.5 l47.8
F= NSMT)+ 13
f. . 3225 L 415 .

(3.78)(3.40) 340

F = $51.97/qt. cr, = $52./qt. cr.
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Recall that the on-campus instruction i these courses has a direct sstructional cost of $65./4¢. cr. for an
dverdage course enrolfment in 1971-72 of 15.6 students. The average cost of instruction for both on-campus and
of f-canynus (8truction s

156 (65.) +129,52)

Fao ™ i56  i29

- 859/qt. cr.

Clearly, the program lowers the instructional cost from the point of view of the university and also increases
faculty productivity. But it should be stressed that this is a8 very narrow view of the cost of this instruction. If
the jdrt-time student had commuted to campus during his regular work hours, the opportunity cost which is
neglecterd here would have been large endeed — perhaps, $300./qt. or.! Furthermaore, the university may have
been required to add campus classroom space and parking. Even more important, the cumulative cost of technical
obsolescence to the national economy should be estimated because advanced engineering and management train-
ing trequently does not oceur untess programs like SURGE are initiated.

A convenient graphical presentation of the SURGE program cost analysis is given in Figure B-1. The marginal
cost per quarter credit hour produced (F) 1s shown as a function of the average number of students per section (s)
with the total number of sections per course (N) shown as a parameter. In the CSU exampie detailed above,
§ = 3.40 studdents/section and N - 3.78 sections/course which yields F = $59/quarter credit. It is worth noting that
video based programs for practicing engineers such as SURGE are far removed from the classical ETV model. That
15, rather than $50,000/hour of production costs spread over millions of viewers, the televised engineering programs
must operate at near zero production cost because the potential audience is smail. In fact, the TAGER system of
SMU in Dallas will televise a course for a total of 4 students, the Jowa State Uriversity videotape system sets a
total enroliment minimum of 5, and the CSU record in this regard shows instances of taping for 2-3 total ofi-
campus students, '

The cost factors tabulated above are realistic and may. be useful more generally than simply estimating the
cost of a specific program in Colorado. For example, the decision whether to install a videotape system or an
ITFS broadcast sys'rem, is a trade-off study between subtracting $3.50 N (the cost of making and delivering
. tapes) and adding the amortized cost of the ITFS hardware on 4 course hour basis {o the base value of $7.10, For
example, see “Technical and Economic Factors in University 1TV Systems,” by C, A. MartinVegue, Jr., A. J.
Morris, J, M. Rosenberg, and S, E. Tallmadge, Proceedings of the 1EE, Vol, 59, No. 6, pp. 946-953, (June 1971).
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THE BRITISH OPEN UNIVERSITY: CONCEPTS & REALITIES

Brian Lewis
The Open University
Institute of Educational Technology
Buckhamshire, England

PART { — TEACHING AT THE OPEN UNIVERSITY

introductory Remarks

The Open University was established {by Royal Charter) in 1969, with a permit to‘start teaching in January 1971.
This may not sound too difficult. However, no conventional British University had ever been set upso quickly. And the
Open University was ceriainly pof conventional.

, The Open University is an ambitious project. 115 declared aim is to bring higher education within the reach of
many thousands of adults voino are able to study only on a part-time basis, and in their own homes, Moreover, it is
striving to do this for adults who have none of the usual entry qualifications. And it is relying for its success on the
novel deployment of a wide range of educational and mass media recources

in short, the Open Umiversity s the first attempt, in Britain, to set up a full-scale home-based, muiti-media
system for higher education. As the original government commitive put it;

"the objects of the Open University are to provide opportunities, at both undergraduate and
postgraduate fevel, of higher education to all those who for any reason, have been or are being
preciuded from achieving their aims through an existing institution of higher education. This
does not imply competition with existing institutions, but rather an attempt on a national
scale to compiement their efforts; an attempt which may well increase the demands upon
existing institutions, as students, stimulated by the experience of part-time study, increasingly
come to want the opportunity for full-time study.”

At the time of 1ts conception, the {proposed) Open University had no close precedents anywhere in the
world, Nobody had any clear idea of how many students might want to enroll, or what they would be like, or
what their abilities might be. The one attempt to forecast possible demand came from a survey carried out by the
National Institute of Adult Education. This came up with a forecast ranging from 34,000 — 150,000 in respect of
rhase people who said, '} will certainly be one of the first students,”

For financial and administrative reasons, it was necessary to restrict the size of the first intake of students —
with the result that 24,000 students were provisionally registered {in 1970} and 20,000 of these actually paid
their fees and started work in January 1871, By the close of the year as many as B0% had stayed the course, and
76% of these passed their examinations. This pattern of success was repeated in 1872, and the public image ot
the Open University is now gratifyingly high, At the time of writing this overview (September 1873), the Open
University has just held its first graduation ceremony in respect of 900 graduates. The current student population
stands at around 40,000. And over 35,000 applications have already been received in respect of courses due 1o
commence in January 1974, The prevailing mood within the Open University is one of cautious self-congratulation.
Everybody recognizes that the system is far from perfect. But the political decision to give it a chance seems to have
been well vindicated.
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. 8-8 cotnesés of stuedy, ar a tate of not mme than 2cwm per yaar. Each cawse talls for about 12 houtrs of iome
sterdy frer week, sustained over a period of about § months of the year. So a“ studems are ahle to aa:umu!ate the
_teoqtired numhnv of EtEdltS in meu smte ume i mey $0 deske -

) tet its forde veaf of !«achmg (1971, the OU tritiated "hundatkm" (ﬂm vead mumes irt the Arts, Socsal

- Sdieriers, Mathematics and Science, In its second vear of teaching, atirst vear foundation course was also started
in Technology, dtong with second level courses in Arts, Social Scierce, mathematm. Science and Educational
Stusties. Six course credits secure a general (8 A, ) degree, and eaa'u course credits secure an hanours (B.A.) degree.
in cettain cases, students can be granted examption from 1-3 of the lowerdevel courses, and this reduces the time
needed to quatify. 1t therefore takes about 3-5 yeers for most students te obtain a degree, although every effort is
-being made to allow stower students to complete their degress at a slower rate {2.g. one colrse per vear) if tggy
su esin, “

Professionat training and “up-dating’” courses are also being run - e.g. in Education, Computing, ami in
* variows branches of Technology. The first of these have Mready been started, and fater ones will be determined by
public demand and avaiable resources. They will be of shorter dusration {requiring, say, the accumulation of only
1-3 course credits), and wilf lead to the award of certificates or diplomas. A postgraduate programme, leading to the
award of higher degrees, has also heen launched. In all cases, the OU aims to use essentially the same kind of “teach-
ing at a chstance” mudti-media approach.

1t 15 worth adving that the Open University's courses are in general designed to have practical application in
the real world. They are secking to meet genuinve social and economic needs, and they should therefore be of
practical value both 1o the student and to potentiat employers.

Who the Students Am
As already indicated, the QU is first and foremost a University for aduits. In the years 1o come, it may hecome
both possitite and desirable {0 accept ordinary school lsavers in (say) the 18-21 age tange. However, the initial

decision was to admit nobiody under 21, untess there were exceptional circumstances (e.q. of physicat disability)
which would prevent 3 person under 21 from gqaining scceptance glsewhere. At the request of the Department of
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Education ard Science, the University is currently planning to accept 500 18-year olds as a pilot experiment in
1974. 250 of these will be technically qualified for University entry, and 250 will not.

In its efforts to offer higher education to as many adults as possible, the QU has waived many of the
traditional entry requitements. 1t therefore caters for a large number of people who would otherwise have been
prevented from pursuing degree courses, These include adultr in full-time employment, housewives whao find
1t hard to leave their homes, persons who do not have the usually-mandatory educational quatifications, persons
whno are physically handicapped, and persons who live too far away from already-existing colleges of higher
aducation. Among the tully-employed part-time students, there is already s significant number of adults who
are looking to the Open University (a) to provide guatifications for an alternative career, or {b) to prov.ads ‘he
kinds of specialist up-dating and retraining courses that have atready been mentionad,

The implications of such a radical “open door” policy should not be overlooked. It gives rise ta a highly
heterogeneous poputation of students — of varying age levels and interests and backgrounds — and adds greatly
to the comphications of teaching effectively at a distance. By way of example, diagram 1 gives some summury
background data in respect of the 6,790 students who studied the first year foundation course in seience during
1971.

What the Study Materials Look Like

. Study materials are sent through the post to the student, at intervals of about 4.6 weeks. Each packaye
contains a sequence of corro-pondence materials, accompanied by study notes, exercises and exoeriments, and
seif-administered comprehension tests which the student can take to help satisfy himself that he has understood
the main teaching points. Also mchuded is 8 set of written homework sssignments which the student is expected
to return, within a specifred time period, for marking. Some of these assignments are marked directly by the QU
computer, and others are marked by specially-appointed part-time corresponaence tutars.

The “core’ correspondence materials are {usually ) specially written by merabers of the QU's rentral
academic staft, The remaming materials consist of carefully-chosen extracts and ofiprints, taken from standard
textbooks ard other professional literature. Each package also contains discussion noics {which the students are
invited to discuss among themselves), and recommendations concerning suitable follow up reading. Additional
matenials in *e form of audio tapes, long-playing records, and transparencies are included in some study packages.

Most studly rmaterials make a special point of giving the student a variety of things to do. Tasks are set which
can take the form of pencil-and-paper tests and exercises, scheduled observations, group discussions, homs
experiments, local fieldwork, and the like, The aim of such tasks is to create experiences in the student which
heip to confirm and consoliciate the expositions contained in the 1rinted texts. In particular, all science and
technology students receive a comprehensive home experimental kit which requires controlied and systematic use
and reportage.

So far as is posstble, each study package is a seif-contained entity, 11 provides the student with everything
that he needs, i order to advance his studies for a further 4-6 weeks. In some courses, 1t has been found neCessary
to refer the student to “set books' that he is expected to buy or borrow from his fibiwary. But the study packages
constitute in generar, he core materials of the course,

The Role of the British Brosdcasting Corporation ~
an Educational Partnership

Ta reinforce and supplement the packaged study materials, the Urniversity works in collaboration with the
B.B.C. to produce a regular series of radio and television programme. At the present time, faciities exist for the
transmission of one radio and one television program per week, in tespect of almost every mawn course thyt
the QU is planning to run. Transmiussions occur mostly at off-peak listening and viewing times. Each proyram o
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Summary data on occupation, edurational
background, and age of the total intake of
6.790 students who studied first-year
Science in 1971,

Occupation ... .%

Housewives 48
Armed Forces 23
Admin. and managers _ 5.0
Education 26.5
Professional and arts 7.2
Scientists and engs. 118
Technical personnel 238
Skilied trades 25
Other manual . 1.6
Communic’nandtranspors - - 0.9
Clerical and office 3.9
Shop and personal serv. 3.2
Retired/Not working ' 1.1
Educational %
fevel attained

.. No formal quals. . . . . 6.6
CSE—RSA Cert, , 1.8
GCE ""O" level, 1—4 Subj. 6.9
GCE "0 level, 5+ Subj, 11.3
GCE A level, 1 Subj. 35
GCE A level, 2+ Subj, 9.7
ONC or OND 6.8
HNC or HND 19.3
Teacher's Certificate 18.7
University Diploma 6.2
University Degree 4.5
Date of birth %
Post 1945 10.8
1936-1945 454
1926-1935 . 30.0

- 1916-1925 12.2
1906-18156 2.1
Pre 1906 0.4

Diagram 1
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‘broadcast twice — once in the eaﬂyd evening of a weekday, and once on a week-end morning. So every student has

two opportunitivs to listen and view. This is a substantial undertaking which greatly enhances the effectiveness of

the written study materials. However, it will not be nossible to repeat programs in future years unless more radio ' oo
and television channels become available. And plans are 'dready under way for “‘dawn’ listening and viewing.

Radio is used in a variety of ways - to orhmam the student towards studies that he is just about to commence,
" to discuss subjects that are inadequately ‘dealt with in the correspondence materials, to recapmslaee Oor summarise
materials that have already been studied, and so on. Radio is also used to communicate with students at short
notice — e.g. to clear up recurring points of difficulty, or to make announcements of interest to certain sections of
‘the student population. Occasionall* .rrangements have been made for nation-wide hook-ups between central
administrative and academic staff, regional staff, and volunteer student spokesmen,
Television can also have a valuable orientating function, especially at the beginning of a course when the stu-
dent is struggling to make sense of unfamiliar concepts. However, it is most commonly used, at the prasent time, to
comwey information that requires special visual effects. Lectures and demonstrations which involve the use of
special (e.g. scientific) equipment. small group discussions on matters of controversy, visual accounts of the Arts
"and Sciences, of developing technolugy, of political and economic and educational systems, of unfamiliar coun-

“tries and societies and civilisations, of our own {(and other peopla’s) historical and cultural heritage — these are just .
a few of the subject matter areas to which television has usefully been applied. Some quite distinguished and highly
motivating “evocative” programs have also been made. Television, like radio, has the capacity to bring education

right into the student’s own home. Correctly used, these media can do much to add a dynamic and personal flavour

to the .tqin'm. and they help to fostzr a sense of participation and involvement in a major national venture,

* Tutors, Counseliors and Study Centres

To provide more personal support for those who feel the need for it, the OU has set up nearly 300 study
centres throughout the country, These typically consist of a small numbei. of rooms that sympathetic authorities
(loca} colteges of education, for instance) have hired out to the University for purposes of study and discussion.
All centres are equipped with radio and television receivers. Many of them also contain tape recorders, projectors,
a library of the broadrast material in recorded form, and computer terminals for the use of mathematics students.
Each centre is regularly visited by snecially-appointed Course Tutors and Counsellors, These are professionally
quatified-peopie {lecturers from nearby colleges, for exampie) who are appointed on a part-time basis to hold
seminars and discussion groups, and to advise on the various problems — both academic and personal — that
individual students might be encountering. Every effort is made to keep study centres open at times {throughout
the evening, for example) which are most convenient to all concerned. Discussion groups and the like are also
held ‘at these times, The whale study centre ppération is co-ordinated and monitored by Senior Tutors and Senjor
Counsellors who are full-time members of the Open University Staff. These senior staff are based on Regional
Offices but they tend to travel around a great deaf and hence provide critical finks between the tocal part-time
staff and the central staff at the University’s main headquarters,

The number of part-time statf associated with any one study centre is not, of course, farge. But every stu-
dent has several chances every month to discuss his problems — either individually, or in smal! group discussion —
with the appropriate part-ime member of staff. If a student is unable for some reason to attend a study centre,
special arrangements can be made to visit that student (albeit mfraquently) in his own home. Part-time staff there-
fore operate rather like doctors. They have a caseload of students. At certain times of the week they are out visit-
ing “emergency” cases. At other times of the week they are available for consulieion at a study centre,

Attendance at a study centre is advisable, but not compulsory. At the present time, study centres are focated
mainly in well populated areas, so that the majority of students are always within a few miles of such s centre, As
indicated above, many study centres consist of rooms hired in some nearby college of higher or further siusiion.
This mcidentally brings OU students into contact with other student bodies; and it may eventually tead to an
extension of study centre faciities. If the demand arises and if resources permit, efforts will be made ta enrich
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the OU’s study centres - e.g. by adding library book# laboratory equipment, and other learning resources.
Additions of this kind will be easier to make if the study centres are already housed within educational centres

that sympathise with the OU's general aims and objectives. _€

Besidential Summer Schools | 3
11&3 educational resources so far described (correspondence materials, home kits, radio and television

programmes, and study centre discussions) are intended to be sufficient, by themselves, to promote effective
learning. Even so, a case can be made for getting students together in much larger groups {a) to convey something

- of the traditional “"university experience’”, and (b) to achieve certain additional objectives that might otherwise

be neglected. The QU has accordingly devised s system of one-week residential summer schools, which are held
at host Universities in different parts of the country. Summer schools are compulsory and they are currently
beinqg arranged to take place during the summer vacation of the host Universities involved. Since the OU's
academic year runs from January to early October, summer schools therefore occur about two-thirds of the way
through each student’s course,

Each one-week summer school caters for several hundred students drawn from different parts of the coun-
try. Although the period of residence is short, several noteworthy objectives can be achieved. For example, ou
students haw the chance to use and savour the host Unwersoty s {acilities — fully-equipped laboratories and
demonstration roms, !dtge scale lecture halls, reference libraries, and the hke Central academic staff also have
an opportunity o meet students en masse and individually, and this can provide usefu! additional feedback on
student attitudes and progress,

Summer sehools can serve a variety of useful purposes. They can provide opportunities for intensive
laboratory work, using a fult range of standard equipment. They an provide opportunities for special project
work in {for example)} the Social Sciences. They enable Jarge st:aﬁe;s,exhibitions; to be set up pnd visits to be
arranged to places of cultural or scientific interest. They provide a3 forum _for mass discussion on"matters of
difficulty or dissension. They enable distinguished visitors to give invited addresses. They provide opportunities
for setting and discussing and evatuating special homework assignments. They provide opportunities to re-run radio
and television programmes that students may hve missed. Amy/'they provide additional opportunities for members
of staff to engage in diagnostic and remedial teaching. 7 !

ri

Abaove all, courses of this kind enable students to ge’t 1o know each other, and to exchange views and ex-
periences. This can have 4 strong motivational and integrative effect on the student population as a whole. And it
can help to counteract any tendencies {induced, perhaps, by the study centres} for the student population to
fractionate into small inward-looking groups. Similar comments apply, of course, to the numerous members of
stalf - academic and administrative, full-time and part-time central and regional — who attend the varicus schools
that are run. These members of staff are able to meet each other, and to meet awide cross section of the :tudent
population, all at first hand.

Evidence from other countries suggests that attendance at a summer school, even for a short period of time,
can have s notable educative etfect, It can also boost student morale {even if the students spend most of their
spare ime gossiping and grumbling), and it can help to promote a sense of corporate identity. Home study is, at
the best of times, hard going. The rallying effect of a well-run summer school should not be underestimated.

Students as Teaching Resources

No account of the Umiversity’s teaching resources would be complete without some 1eference to the stu-
dents themselves. Most students tend to be regarded solely as learners — often as passive and tnadequate learners
who ideally need to be carefully nurtured by expert teachers and great minds. In reality, students are a potent and
much-neqglected teaching resource. 1f a University’s formal teaching resources {its lectures, set books, and the like)
are many way defective, and +f no teacher 1s around, students are obliged 1o do the teacher’s job for him. They.

198



must acquire the skill of extracting information from books and journals and from each other, and they must use
each other as sounding boards for their own developing opinons and expertise.

The most successful students all tend to pick up these self-help skills at a fairly early stage. At the OU, study
centres ur<doubtedly help to foster the development of such skills. By means of small-group discussions, students
‘are more able to discover and question hitherto unrecognised assumptions in the subject matter they are studying,
and to uncover gaps and limitations in their own knowledge. They also have the chance to pursue lines of enquiry
which are of special interest to then?. but which are dealt with only lightly in the main study materials.

One of the best .vays of ieamépg about a new subject is to try teaching it to other people. There are, of
course, some obvious dangers in the hod. If nobody in the group knows what he is talking about, group dis-
cussion will merely produce a sort of|"pooled ignorance’”. On the other hand, carefully prepared study materials,
duly backed up with annotated discudsion notes and easily-accessible follow-up reading, can enable students to
hold profitable smali-group discussﬁ even when no tutor or counsellor is present. Students are a teaching
resource in the sense that they {a) pensate for.deficiencies in the resources provided by the University, and
{b) help other students to extend and apply their newly-acquired knowiedge in accordance with the needs and
interests and abilities of those students.\Considerable effort is being made to ensure that the study centres provide
a suitabie environment for the conduct éf such activities. Failing this, students are being encouraged to set up
self-help groups in their homes or at othér‘ sujtable venues.

Organisational structure of the University

The headquarters of the Open Univer:ity are being developed in a rural setting, some 50 miles north-west of
London. The exact site is on the outskirts of the designated area of the new city of Milton Keynes, in North
Buckinghamshire. It is close 1o the M1 (London-Scotlend) motorway, about 4 miles north-gast of Bletchley.

Modern buildings, which have all been specially erected, are currently housing severa! hundred academic
and administrative staff - together with a large-sized data processing and record-keeping system, and extensive
facitities for the design and production and packaging and dispatch of the University’s study materials. Also
nearing compfetion are research laboratories (for academic members of the staff), a much enlarged and lending
and reference library, a lecture hall, canteens, and so on. There are no undergraduates on site, but room is
currently being found for a small number of postgraduate students.

To control and monitor a nation-wide home study system, a rather elaborate organisational structure is
required. For this reasor, the University has divided the country into 13 semiautonomous regions. Each region
has its own Regional Head Office, staffed by a Regional Director and other senior sdministrative and academic
personnel {in particular, the senior tutors and senior counsellors mentioned earlier). Each Regional Office main-
tains detailed records of all students coming within that region, and the Regional Office staff are responsible for
coordinating all the University’s activities {tutorial, counselling, study centre, summer school, etc.) that go on in
that region. The overall organfsational scheme is partly captured in diagrams 2 and 3,

The format structure of the Open University is therefore hierarchical. Part-time tutors and counsellors are
responsible to the Regionél Office staff whn are in turn responsible to the University’s headquarters at Milton
Keynes. In practice, of course, the real day-by-day structure is heterarchical. Control over the University’s affairs
fluctuates around the system and, ideally, always tends to reside with the person {or group of persons) best guali-
fied to act. ‘

The Assessment of Student Performance,
The OU has departed from the traditional practice {in British Universities) of relying almost exclusively on

formal end-of-yvedr examinations. It has also tried to recognise some of the many limitations of traditional
numerical marking schemes. And 1t has taken account of the needs of adults who are struggling to study at home
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it theie spare time, and who therefore feet the need for regular feedback on their progress. In the light of these
considerations, the OL has chosen initially to aperate a “continuous assessment’” procedure, using (in most
€ases) grades cather than aamencal muarks.

As alteady indicated, all study prackages contain homework assignments which students are expected to
return, duly completed and within specified time limits, for marking. Some of these assignments are in computer-
markabile form, and students are requested to post these directly to the OU's headquarters at Méiton Keynes. The
renanIng assignments are sent to the speaal group of part-time statf mentioned earlier - namely, the local
correspomdence tutors,

Pertormance on homework assignments is recorded, for each studernit separately, on computerised student
record tdes, If o student has undertaken any special work assignments {e.g. at study centres, or summer schools),
then the marks obtamed for these special assignments are likewise recorded ir dividually. At the end of each stucly
course, all students are required to attend an Examination Centre to take a short examination {of about 2-3 hours
duration) under properly supervised conditions. Marks obtained at this examination are then compared and
combined with all the other marks that the student has accumulated, over the year. Finally, a weighted composite
madrk 1s calculated to decide whether a course credit should be awarded,and, if so, whether it should be awarded
“with distinetion’’.

1t s worth bearning in mind that the continuous assessment procedure, together with the week-by-week flow
of essential radi and television programmes, can have a powerful and somm.etimes oppressive pacing effect on the
studdent population. The imposing of time limits on homework, and the study sequence of synchronised B.B.C.
broadcasts, constitute a strong inducement to students to keep up to date with their studies. in recognition of
the fact that some students may fall behind with their work for reasons that are beyond their control, all students
are allowed to skip a small number of assignments if they so desire. In effect, this means that the award of the
overall continuous assessment grading is based on (say) the best half-dozen assignments that each student sends in.
For an elaboration of the implications of this arrangement, see Lewis {1972).

The Handling of Assessment Data

Computer marked assignments consist of multiple choice (and similar) questions that can be answered simply
by making a setes of marks on specially designed answer sheets. Students post these answer sheets, duly completed,
to the University s headquarters, They are then decoded by an automatic document reader, and evaluated vy
compuiter,

Tutor marked assignments consist of essay questions and short answer guestions which, by their very nature,
cannet be marked by computer, Stucents must therefore post these assignments to designated correspondence
tutors. who are responsibile for marking them in accordance with pre-arranged guidelines laid down by the Univer-
sity's central academic staff.

For each homework assignment that is received, the computer generates a detailed statement of how well
the student has done (a) on individual questions, and (b) on the assignment as a whole. At the present time, the
OU comiputer has only limited facilities for interpreting the homework data that it receives. However, a variety of
computer programmes are currently being developed 10 enable student progress to be evaluated with greater
sensitivity - ¢.q. by showing whicn questions, and which groups of questions, cause the most difficulty to which
kinds of student. At the level ot the individual student, cumulative indices of success and failure are also being
devised to show how well each student is doing {in comparison with other students, and in comparison with his
own past performance} at each stage of the courss, 1t will then be easier to detect those sections of the course on
which the student does best {or worst), and also to detect any sudden improvements or detenorations in individual
performance. If successive course units tend to vary unevenly in content or level of difficulty, this should aiso be
more easily detectabie.
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From time to time, the computer generates summary statements ~ both to Regional Offices and to the
student themselves — showing how each student is progressing. If any student shows evidence of sudden and

severe deterioration, emergency signals are sent to the Regional Office, so that the student in question can be
contacted and offered help.

Similar initiatives can be taken by the correspondence tutors, and by alt other part-time merabers of staff.

~ As a matter of routine, the correspondence tutor posts the student’s homework back to him, duly marked and
annotated, as quickly as possible, At the same time, he sends a record of his marking {(and any further comments)
both to the OU's headquarters and to the Regional Office. The tutors who attend study centres, and the coun-
sellors who also attend study centres, can likewise report back on the progress of individual students. {t foillows
that both the Regional Office and the OU’s headquarters can accumidate a large amount of information about
student progress — information which flows in from a variety of sources, and which needs to be sorted and inter-
preted by the kind of software now under development.

The OU as a Self-improving System

When students return then homework assignments, they are periodically invited to register their opinions on
such matters as the intelligibitity, difficulty, and interest of the assignments they have completed. They are also
invited to say whether, and to what extent, they have made use of the OU’s study centre facilities. At the same
time, the part-time members of staff — the correspondence tutors, the tutors who attend study centres, and the
counsellors — are asked to comment on the students that come under their care, and on the study course as a
whole. In particular, part-,.;me members of staff encourage students to talk about thew atademic and personal
study problems, so that the QU can build up a more accurate picture of student necds and intecests.

To induce teedback of this kind and to secure more specific types of information, the University has esta-
blished a Survey Research Department which regularl\} sends questionnaires to reprasentative samples of students.
Eventually, it is hoped to set up consultative panels of students, and to have fully-trained interviewers and social
workers circulating around the system. There is, in fact, already provision in the Royal Charter for the convening
of Regional Assemblies and consultative committees and for student representation on the Senate. Arrangements
have also been recently completed for the starting of student magazines and newsletters.

By way of summary, diagram 4 records the main assessment and evaluation procedures currently in use at
the Open University. As can be seen, the data collected from computer marked assignments (CMAs) and from
tutor marked assignments {TMAs) and from various additional sources {end-of-course examinations, question-
naires, letters, telephone calls, etc.) can serve several different purposes. For example, the data can:

{a) provide the main bass for a formal assessment of student achievement, and

{b) enable relevant feedback to be given to individual students while the course is actually in pro-
gt e2ss, and

(c) facilitate the revising of those parts of the course that appear to be 1 1ing less effectively than
was onginally hoped.

With regard 0 (c), it ic worth remarking that each course that the OU runs is carefully monitored, during
the first year of two of its existence, by a specially-appointed “maintenanc: team” of academics. This team is
responsible for modifying parts of the course in the light ot the total assessment and evaluation data it receives.
Unfortunately. the current budget for revision is severely limited, and tne revis.on process itself is largely o
judymentai one. (In other words, it is not guided by any cogent theoretical model). Diagram 5 depicts the main
channels of communication invoived and, collectively, they seem to tre more than sufficient to guarantee that all
major dciects are picked up during the first year of each course’s presentation. '

Although the stwient pupulation is scattered across the whole countgy, the numerous communication
channels shown in dhagoams 2, 3 and 5, make it comparatiyety aasy to qafher a qreat deat of information on
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academic and personal study probiems, and on the strengths and weaknesses of the study materials, on the etfect-
iveness of the tutorial and counselting and study centre facilities, and on the canditions under which the students
are most likely to succeed or fail. Data obtained in this way are helping the OU ta sirengthen its instructional
system slowly but surely, from year to year. ,

in this connection, 1t is worth noticing that the QU has many of the characteristics of a Direct Action
Research Project. instead of opting for time-consuming ‘‘feasibility studies” on multi-media systems of higher
education, the British Government took the imaginative step of actually allowing such a system to be set up and
run. The result was a high-risk undertaining in which mistakes were bound to occur and to go on occurring. But,
in the long run, this could well be the quickest and most effective way of solving the many intricate problems
involved,

PARYT 2 — SOME PROBLEMS OF COURSE PRODUCTION

{nitial Conceptions

in the eartiest days of the OU, before course production actually began, most academics were fairly optimis-
tic about the ease with which courses could be produced. For example, 1t was widely believed that, during the
first year of course production (1970}, a group of B or 9 academics — along with a handful of expert advisers and
assistants — would havs little difficulty in producing a full 36-week Foundation Course. It was recognised that a
great deal of written material would have to be produced. But there was a tendency to perceive this particular task
as requiring little more thon (he imaginative brightening up of already existing lecture notes and professional
papers. The whole operation was one that could be contemplated, in advance, with equanimity.

indeed, many academics confidently expected the business of course production to occupy not more than
100-200 days of each calendar year. Universities characteristically have both a teaching function and a knowledge
extending functicn. The former is concerned with introducing students to knowledge that already exists. The
{atter is concerned with challenging and deepening and enriching {and even transforming} such knowledge. In
accordance with this dual image of what a University should be, most academics took up their appointments on
the explicit understanding that they would have time for at least some of the more significant knowtedge-extending
actwities — postgraduate supervision, private research, professional writing, consulting, conference attending, and
the like. In other words, the OU was to be a rea/ University, not just a production house for the development and
dissemination of undergraduate course materials.

The Harsh Reality

These expectations seemed reasonable enough at the time. But they were rapidly shown to be sadly inaccurate.
in the first place, nobody had fully thought through the numerous implications of requiring acedemic members of
staff to work together in large cooperative teams. Secondly, no-one had fully pursued the implications of having to
reach a heterogeneous population of students who were mostly trying to study in their spare time (and perhaps for
‘he first time) in the isolation of their own homes. To cut a long story short, it soon became obvious that in order
{a) to pruduce effective teaching-at-a-distance materials, and {b) to have time to spare for the various othes
activities in which academics normally engage, the overall staffing of the DU would ideally have to be incressed
by a factor of at least 3-4, This kind of increase was out of the question, because the OU budget would not permit
it. So a number of compromises and sacrifices had to be made.

In an attempt to establish high teaching standards with too little staff, both the academic and non-academic
statf proved to be extraordinarilv seifsacrificing. Many academics have, for example, forgone substantial periods
of holiday and study leave due to them. They have cut their private research activities to the barest minimum, in
order to devote themselves almost exclusively to the business of course production, At the same time, the rate of
production of new courses has been slightly diminished, so that the courses that are produced stand 3 better
chance of doing an effective job of teaching.
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As a result of teking thuse steps, the protduction of quality courses is now mercly difficult, rather than
impassible, But the conditions of service for OU academics (and for many of the supporting staft) must be
Boora) the wont i the country. There o st an exhaastiog 1ush agamst time to produce tigh quatity
matetialy. And the pressare may well continge for af least 510 years - because this is the time that it will take to :
estublish a solid stoek of well validated courses.

The Size of the Problem

1t 1s ditficult for an outsider to appreciate just how abnormal are the problems that confront OU academics
amt admmistrative staff. The planning and production of correspondence materials, home experimental kits, stu-
dent activities, mudtiple choice tests, sadio and television programmes, and the like, make demands on statt which
ate unlike anythung they have ever expenenced before. For example, special care must be taken to ensure that each
correspordence wmit s g sound and coherent and memorable prece of exposition. The main teaching points must
be fully e xplained. Misteading statements amd irrelevant schalastic displays must be eliminsted, There must be no
mustakes, nonsedquetary, qaps, o other defects 1n the argument. All written materials must in fact be well structured
and self-explanatory amd pachid at the nght tevel of difficulty,

The whole opreration s extremely time-consuminy. 1f an academic wants to write a really effective piece of
exposition - one that will either starwd on 1ts own or serve as essential supplementary reading to a prescribed text-
book +- 1t could easdy take him as much as 2-3 weeks to produce an adequate first draft. His first draft would
then need to be trzed out, atong with some appropriate evafuative tests, on a representative sample of potential
students, to see whether 1t achieves what the author wanted it to achieve. Feedback data from these students can
then be used as & basis for revising the onginal draft, and for polishing it up iNto more final form. ideally, the
tevised draft should also be tested (pieferably on a different representative group of volunteer students) to make
sure that the revision process has been effective, and has not inadvertently introduced further defects and
obscurities. In faet, the tust-rovico-retnst cyrile should be repeated as many times as is necessary to satisfy the
authos {and his colleagues) that the correspondence unit really does teach. However, each new cycle can add at
least 3 weeks to the overall production ime. 1t need hardiy be said that the OU does not have either the time or
the 1esources 1o put sts nstructional materials through the optimal number of (3-4) cycles, However, it is not at
all uncommon to find 60-100 hours of academic effort being invested in each single hour of student study time.

in addition to writing the basic correspondence unit, the author must devise appropriate homework assign-
ments. 1t the hotsework is to be marked by computer, he must specify exactly the marking scheme that the
computer must use. At the very ledst, he must say how many marks n.ust be added for each correct answer, and
how many deducted for each wrong answer. 1 addition, he may call for the award of bonus marks for special
combinations of £« creet snswer. And he may request the computer to provide him with some detailed informa-
tion on differential pattems of right and wiong answers.

If the homework 15 to be marked by corresponcence tutors, the author must provide these tutors with
appropriate guidelines and checklists, And he must tell the computer how to handle the marks or grades that
these tutors eventually award, Since correspondence tutors may often be called upon to explan points of
ditficulty, the author must also circulate adequzate briefings on the overall aims 1nd objectives of his units. 111 some
cases. he may wish 10 provide the study centre tutors with special discusston materials. And he may want the
students to perform experiments, or engage in certam kinds of group activity or field work. All of these activities
greatly add to the total production time. And all of them ideally need to be put through the test-revise-retest
cycle to make sure that they are (3) unambiguousty clear, and (b) likely to have the effects intended.

The preparation of concomitant radio and television programmes is no less arduous. Administrative and
economige constraints make 1t difficult to put these programmes through o test-evise-retest cycle, so even greater
efforts must e made 1o ensure that they are right first time. Experience has shown that even the simplest looking
programme can tahe several weeks to plan and produce - especially if it has to be carefully integrated with the
cotrespandence matenale, o f anytiing out of the ordimary {e.g. o sprecal sequence of visual effects) is required.
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Some Ovganisationa! Difficulties

Yo obitain a tust insighit into the procticst ditficuities of coutse production, let us consider a situation in
which B academic membens of staff {call them A4 Ay, ...Ag) agree to collaborate on the produciion of a 32-unit
course. To simplify the discussion, we shall focus solely on the problem of producing 32 carrespondance units,
And we shall suppose that each academic agrees to write just 4 of the 32 units. As a further simplification, we
shall assume the A, agrees to write units 1-8 and Ay agrees to wide units §-8, and Ag agnius to write units 9-12,
aned g6 on,

After several weeeks of juint discussion on the aims ard otiectives and content of the course, the academics
0 away ancd start writing, If we accept the kinds of time ostimates mntioned eartier, amd if we assume that each
Jcademic writes his umits in numerical ordey, it follows that after a lapse of a few weeks the first in exfenso drafts
ot umits, 1, 6, 9. . .will be neanng completion. Uafortunately, this natural-fouking arrangement rules out the
possibility of testing the draft units, in a systematic manner, on volunteer students, Unit 1 can, of course be
tested), But unit 5 can be meaningfully tested only on students who have worked through units 1-4. And units
24 have not yet beon aritten,

This s a very considerable difficulty. If the academic members of staff are trying to achieve good continuity
from one unit to the next, A, will have written his unit § as a follow-an 10 what he expects to appear in units 1-4,
For example, Ay maght have sard that his units 1-4 will introduce some basic concepts in statistical anatysis. In
preparing unit 5, Ay will thurefure feel free to build upon the statistical knowledye that be believes Ay will impart
inunits 1-4. Insofar as Az 1 kus this statistical knowludge for granted, his umt 5 will be largely unintefligible to the
valuntaer studdent who has previously seen only unhif 1. Ditfictfties of thus kind tend to increase over successive
units. Ag. who has bravely agreed 10 do units 29-32, is engaging in a tremeadous act of faith «f s unit 29 tries to
Duild upon or summarise, material that 7 different colleagues have not yet written,

Should A, sentt off tus completed unit 5 to the Media Praduction Department, with the request that it be
set up and printed? It A does this, e will place A under a strong moral obligation to work into his remaining
units {2-4) alf the knowledge that unit 5 has taken tor granted. 1f Ay now refusce to co-operate (clasming, for
example, that Ay misunderstood what he, Ay, had undertaken to do), then unit § will be partly uninteiligible
unless expensive alterations are made at the galley proof stage. And A, is likely to feel that A, has let him down.
At the same time A, will have only 3 units left {(pamely 6-8) in which 10 accommaodate to the demands of A; and
other colieagues. Instead of arranging for units 1, 5, 9. . ., to be printed without further delay, it is tempting 10
stack them away on 4 shelf so that they can be altered, if necessary, at a fster date. As more units come off the
assembly {ine, everyone gets a clearer idea of what his collgagues are trying to say, Earlier units can then be taken
at! the shelf (so the argument goes) and adjusted to tarmonise with the later ones.

However, it is a mistake to suppose that the mutual adjustment of units becomes easier as more and more
units are produced. Moreover, the retention of units leaves the Media Production Department with aimost nothing
to do at the beginming of the wrutéhg year, and with almost everything to do at the end of the year. To provide
the Media Production Department with a steady flow of work, gach academic may have to finalise hig first unit
before he has sven started 1o write detailed /n extenso drafts of his follow-up units, ‘

In practice, the situation often seems 10 be loss serious than it really is For example, it s open to each
academic 1o dash otf rough outline drafts (of 1,000 words or so) of all 4 units, and teo circutate these among his 7
colleagues. This can be a somewhat unnerving procedure, because it requires everyone to display materials which,
because of their rough and ready form, would not normally be altowed to see the light of day. It is, moreover,
ditficult to respond to such material in a constructive way. There tends to be rathet a lot of it. And, because of
its tentative nature harsh or detaited criticism always seems to be out of place. There 1s patently nothing “final’
about the rough outlines produced — and everyone tends to think that, when the time comes, he will have very
little difficulty 1n accommadating to the wishes of his colteagues. Unfrrtunately, these hopes are rarely justified,
When the time comes, 1t may be very difficult indeed to adjust to one's cotleagues in a satisfactory way. In some
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casts, an geademic may even aite hs first outlawe drafy as ‘evidence” that certain proposed adjustments are unrea-
sonable. “If you wanted nie to incurporate that sort of material into my unit, you should have made your
tequirentents clearer weeks agy. "

This kind of comment is made in perfectly good faith. At the root of ali these difficulties is the failure to
communicdte intentions and requirements. However wetimeaning and co-operative the 8 acudemics might be,
they habitually fail to see, in the fust instance, the force of the points that their colleagues are urging. For
exampie, Ay might foridly imagine that he can meet the reguirements of A, by adding a sentence here, 3 footnote
there, and a paragrph somewhere else. In reality, the knowiedge that has been pre-supposed in unit § mighg, if
taken seriously call for a radical restructuring of units 1-4. By the time Ay realises this, it is too late to do anything
dbaout it A unit 5 will theretore be building on skimpy and inadequate foundations,

Instead of using outline drafts as a first basis for communicating intentions and requirements, it might be
thought that fonger drafts (e.g. of 5,000 words or so0) would be more appropriate, This is not the case. Longish
drafts, when produced in o hurry, tend to be discursive tours arourd the kinds of topics that the writer is hoping
10 dover; just as soon as he qets down to the business of writing seriously. When the serious writing begins, the
nadequacies of each person’s first thoughts will become apparent. Certain topics will be dropped, uthers will be
ntroduced, and just a few may be selected for treatment in greater depth. Alterations may also be made to improve
the structure and format of the initial rough drafts. it follows that the drafts are likely to undergo considerable
change and, 10 consequence, do not deserve to be taken too seriously.

1 tong drafts are produced, there is in fact a very real danger that chaos will ensue, Accusations will be made
that certamn colieagues are planning 1o pack too much material into their units. Predictions will be made that
styles will clash, and that units will lack continuity. Suggestions will be made that the whole course needs to be
"re-thought”, and that the order of presentation of certain units should be changed. A deeper problem arises if
some academic members of staft fail to umderstand each other’s subject matter. If A, and A, come from different
disciplines, A3 may do his best to make helpful suggestions to A, ~ but his comments may nevertheless strike A,
as being natve and irrefevant.

in generad, the production of hurriedly written long drafts is not a good idea. It is irksome to have to read so
misch material especially +f everyone believes {a) that it is going to be radically changed, and {b) that it fails to do
justice to the potential abilities ot the writers. 1t can also provoke endless worries and arguments. And any attempt
to alieviate such worries {e.g. by the production of hurricdly written amendments) may well have the opposite
effect of haraenmg resistance axd/or generating yet another crop of anxieties. In this respect, the breathless
activity of writing, circulating, and re-writing does not lead to a rapid convergence of opinion. The procedure is not
self-correcting,

Constraints of Time and Money

11 might be thought that all the main difficulties and stresses and strains could be avoided by meas of appro-
priate forward planning techniques. As might be expected, careful planning can greatly facilitate the production of
correspundence and other matenals. But it is important to realise that the nature of the operation, and the time
pressure under which everyone is working, are such that planning cannot possibly solve {or even foresee) all the
problems that can arise.

Suppose, for example, that the academic members of staff decide to st rengthen their course by the addition
of prescribed background reading materials. The most econamic way of getting such materials to the students is to
arrange to have them published, on the open market, as a “Reader’ in paperback form. However, it takes time to
neqotiate with publishers. And it takes time to select the contents of the Reader, and to secure copyright clearances,
and to agree editorial changes with the original author and publisher, and to insert editorial comments and summaries,
arnd Lo ertange tor the whale volume 1o be set up, proof read, printed and distributed. The entire venturs is impossible,
n fact, uniess arrangements to publish are put in band in the very first quarter of the writing year. It follows that the
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academic members of staff cannot have their Reader uniess they are prepared to tinalise its contents well hefore
most of thair correspondence units have actually been written, This is a frustrating Sic .ation which no amount

of forward planmng can satisfactorily resolve. In the course of writing a unit, it often becomes clear that the
ancillary reading material, which was chosen in all good faith at the course planning stage, is not after all 1 « most
suitable cholce, But there is no possibility of substituting a better selection because, py the time the mistake has
been discovered, plans for the Reader are irreversibly advanced.

In addition to having to work under acute time pressure, the Open University is also lapouring under severe
evonomic constrants. This is a further source of frustration. If money were less of a oroblem, academic members
of staff cauld afford, for example, to drop the idea of hurriedly concocting a one-volume Reader. They could
arrange, instead, for the last-minute inclusion {in the student’s cormespondence package) of carefully selected oft
prints. Such an arrangement would give them more time 1o select the best possible background reading mdterisl.
But the cost would be very much higher. Because of the financial restrictions uader witich the University is operds:
ting, academic members of staff are obliged (at some risk to their nrofessional reputations) to dash off a one-
volume Reader which, for the reasons given above, might well prove to be far from eptimal.

Even now,we have touched on only a few of the many background pressures and . ritations that arademic
members of statf encounter from day to day. Moreover, our discussion has been grossly oversimplified, in
practice, academics do nut normally agree to write just 4 successive units. Instead, they want to be involved in
the entire course — writing one or two units here, and a few more there. Quite often, they want to write more
than they have time to write — and each may feel that his ration of the course is too small to enable him 1o do
worthwhile jobh.

Another fact of life is that different academics have different working methods, and diffarent views of the
educational enterprise in which they are involved. One member of staff might be enthuswastic about computer
marked objective tests, whereas another might deplore them. One academic might prefer to write in a friendly
and egalitarian manner, whereas others might adopt an impersonal approach. There are fiteraily dozens of ways
in which differences of approach and opinion can arise, If the differences happen to reflect strong under! nig con
victions, then the possibility of open conflict is never far away.

Organisational Aids to Efficiency

The foregoing account is probably a minimal statement of the main difficulties and pitfalls associated with
the production of OU course materials. There are many additional difficuities of 4 more speciahised and less
obtrusive kind, some of which are described in a series of papers appearing in the British Journal of Educationa!
Technology. See Lewis {1971, 1972). An important point to bear in mind is that almost every decision that 1s
made can have hidden and unexpected implications. Because of the constraints under which the OU is operating,
there is neither the time nor the money to indulge in trial and error experimentation. if the right decisrons are
not made at the right times, production plans may be held up and the guality of the course materials will suffer

One way of easing the burden is to employ a variety of judiciously-chosen assistants. 1€ is heiptut, for
example, to have assistants who can engage in literature searches — e.g. to locate background reading materiubs.
and suitable illustrations for proposed correspondence units. There is also a need for people who can handie
copynght problems, and who can help to co-ordinate the diverse activities i which different members statt are
likely to be engaged at any given time. In addition, there is a need for more specialised assistance in the fonm of

- editors and designers and artists — people who proof read, and advise on problems of format and fayout, and
created special-purpose illustrations, and so on. Finally, there is an all-pervasive need for professional advice un the
overall strategy and tactics of the whole operation. Within its timits resources, the OU has in fact securedd d MIKIest
number of assistants and advisers of the kind required. it has also established its own Institute of Educationa!
Technology to advise on the design and evaluation of the teaching materials that are produced, and 1o maky
recommendations that will help the University to become a rapidly self-improving system.
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What else can be done to facilitate the planning and groduction process? Well, there are some rather obvious
precautionary measures that production teams can take, For example, most teams find it convenient to organise
themselves, at an early stage, into small working groups of 3-4 members. Within each working group, one member
has pramiary responsibility for writing a particular set of correspondence materials {or for preparing a particular
st wi Droadeast matenials), and the other members have mainly an advisory or watchisy ivle. As a further safe-
guard, the working groups overlap in their membership — so that everyone can function as the mvain author in
seine groups, and as an adviser or observer in other groups. It follows that each academic can remain in close con-
tact with those collragues (those writing adjacent units, for examiple) whom hz is most tikely to have to accommo-
date. In this way, incompatibitities of approach have a good chance ui bring picked up at an early stage.

There are, however, quite severe limits to what this kind of arrangement can achieve. 1t is 2asier to detect
i adrities of approach than to decide what shuuld be dane about them. {Imagine, for example, the difficulties
that can arise 1f three scientists, in overlapping working groups, all start to write in differerit ways about “theories
and madels’). The setting up of overlapping groups also tends to produce only localised, rather than extended,
contauity  There is still a dunger of conceptual drift occuring from one sequence of units to the next. To secure
s sort of macio-control over the whote 32 units, it helps to have an overall chairman and arbiter who s a
generalist - in the sense of being able to span the various disciplines of his colleagues — and who also has the
knowiedge and vision and charisma to keep ever yunte moving in the same direction, Needlcss to say, this is easier
saicd than done,

Some Recent Developments

In recognition of the very real difficulties that arise when teams of a dozen or more experis colfectively try
to produce a full course of up to 8 months duration, several attempts have been made in recent months to simplify
matters. One popular strategy has been to abandor the quest for close-knit overall integration, and to devide
courses into several self-contained "blocks’’ of 4-8 units each, This enables everyone to work in much smaller
groups, and to worry much less about what their colleagues are producing in their blocks, A similar ploy consists
i producing “2-courses and 1/3-courses {and even one-sixth courses} of not more than 18 or 12 {or 6) weeks’
duratian each. In addition, the original aim of generating 36 weeks’ work {in respect of each full course} has been
widely modified to a less gruelling 30-32 weeks’ work. This reduces the work load on the course teams, and gives
the student a very welcame week off, here and there, in wiith to catch up or revise or just rest.

Several other suaplifying strategies exist. There is, fnr nxampie, an increasing tendency to rely more heavily
on already-existing texts — instead of trying always 1o create special new materials from serateh. in view of the
clash of viewpoints and styles that can arise when different academics contribute to a common course, some
scademics have also agreed to hand over the mzin writing chores to just one or two like-minded colleagues. This
means that, for one course, just one or two academics r. *! take respenisibitity for the bulk of writing, the remain-
1ng academicy acting as their assistants throughout. In 5. sequent courses, the roles wiil be reversed. 1t is too early
1o pass judgement on the efficacy of these and other strategies. The devision of courses into loosely-related
“torks’’, for instance, might weli disturls the insecure student who wants well-integrated materials. But it migi.:
well appeal to the kind of student who wants to think for himself. The limiting case would occur if every course
team guthor decided to “do his own thing” in polite disregard of the contributions of his colleagues, We would
then have the sort of teaching that goes on in almost every conventional university.

Activity Networks and Schedules

in order to plan and produce a complete course, it turns out that several hundred quite complicated decisions
have to be routinely taker and acted upon. As additional aids to efficient action, special charts are needed to enu-
merate, as exhaustively as possible, what these decisions are, and who shoufd take them, and why and when, etc.
Supporting tables are also required to point up the major implications {financial, organisational, psycholegical, etc.)
that particular decisions are ikely to have — both in the short term and in the longer term,
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There are numerous ways of depicting the production process in diagrammatic form. Each diagram that is
drawn inevitably high$ights some features of course production at the expense of others. And so single diagram
can possibly do justice to the full complexity and variability of the production process as a whole.

Diagram 6 has a certain historical interest. It represents the very first attempt (in May 1969) to give a brief
characterisation of the overall production prucess. The diagram partitions the progess into 3 stages. Stage 1 is con-
cerned with the progressive clarification of course team intentions - starting with vague ideas about the nature and
ethos of the course as 8 whole, and ninishing with clear-cut ideas about the proposed content and rationale of
every component of the course., Stage 2 is concerned with the progressive implementation of course team intentions.
And Stage 3 is concerned with the purely technical {but difficult) business of final production.

Diagram 7 is a later characterisation. The terminology is different. There is a stronger hint of the need for
certain activities to go on concurrently. And there is a8 more expiicit recognition of the need to recycle {e.g. to
revise aims and objectives and initial drafts of units, in the light of ongoing experience). Diagrams 6-7 are, however,
essentially compatible, Underlying each diagram is the recognition that effective course production calls for the
kind of rational planning which enables initially hazy ideas to be firmed up and tried out {e.g. in the form of
tentative drafts of correspondence materials) and subjected to critical discussion and reviser! sgain, so that — in the
space of not more than a year — a polished and well-integra* - 1 course can cmerge.

Diagrams 6 and 7 have a useful orfentating function. They capture the most important and most commonty
recurning featurss of course production, and thus provide the outsider with a helpful overview. But they were
never intended to be used s practical guides to action — for the simple reason that they do not contain nearly
enough detail, In order to see this, it is worth looking at diagram 8, which gives a fairly comprehensive list of the
"products” which course teams may be called upon to generais, ‘

As diagram 8 shows, the main products — the primary and secondary course matariais, home experimental
kits, homework assignments, radio and television programmes, and the like — are devised for the direct benefit of
the student. In addition, a consider able amount of explanatory material has to be prepared and despatched to other
quarters — e.¢ ‘0 regional staff, study center staff, correspondence tutors, summer school staff, examiners and
moderators, uata processing staff, and the publicity department. it »would be a big mictake to underestimate either
the difficulty or the importance of producing this ancillary {supporting) material. Time expanded on providing
explantory notes for study centre tutors is time well spent. So also is the time devoted to thinking about summer
schools, and to drawing up sensstive marking schemes for homework assignments. Any production scheme that
failed to stress the need for such items would be seriously defective as a practical guide to action.

To comprehend course production at this leval of detail, some rather large charts are required. One such
chart — described as an aclivity network because it depicts a large imerlbcking networ" of essential course team
activities — covers B pages of a paper by the present writer {Lewis, 1971b). It is unfortunately too large to be
reproduced in this chapter. By way of compromise, diagram 9 accordingly shows just on small segment of a rather
simpler network that is actially being used by one OU couise team.

1 Networks of the kind illustrated in diagram 9 can be embeliished in various wavs. For example, they can be
< annotated to show the approximate time {in days or hatf-days) that each activity is likely to take on average. They
* . can also be annotated to indicate who ought to have primary responsibility etc. for each of the activities shown.
However, it is important to note that each course has its own distinctive characteristics and requirements, so no

network can ever serve as anything more than an overail general guide. In particular. time estimates can be

much time and effort the course team members care to favish upon them, See Lewis {1971 c).

What, then, is the value of such networks. Well, theit main value is to act as memory joggers - to draw
attentjon to what needs to be done and to suggest one or two good ways of doing it. In addition, of course, it is
necessary to have a fairly firm set of schedules. In the last analysis, the clock cannot be ignored. So it is necessary
for course teams to realise that extra time spent on one activity means less time spent on another,
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Diagram 6. An early characterisation of the activities involved in OU course production
(after ISA Consiitants, May 1969}
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Diagram 7: A Model for Open University Course Praduction

213



(K3

S

e
T

2
LA

B“ST C(lﬁ’ f‘“."li_*‘:"?'

: 'uuu o -mnd\ane K‘x!s
. 0'001_.(' unﬂrf
Foic, ml edes . o oL
i b 4 «frmcr‘n-fsvn.:k‘
A «‘{, Tt
..sutnmx si qu&ghwt pu;&:u v
Ak !mo;.‘ o w«npum r«-. lin Q

ﬁmifi;\“‘y '
ndninamy.
werivt

p(mtt-n “ -

e ﬁ._.cam«g,! i P um\c {‘dt gl
} ,b) sludend Ln rwnmuh T
sty Fenticg?

P T

12y EOH USE : . ‘ fanment mcshing schemes
R L0 éﬁwﬁ for clossy Letdrindy ‘
, , : ‘ _ e s fur sumnier school wak

ing parometers fur conputnr
morhad msigrmpents :
mailing schoedubes Sor dispateh
of couvse materiots
broodoost hammisicn schwiates
sormtn0t schou! schieaules
specilication of exomliation

prosudures

{+) Fou
AEDVISTOATION &
OF Qal"ebs

Abbreviated list of items in home experimental kit sent to students teking a first year
course in Science

!nstmm:é Spmtmcope plotting compass, flowmeter, stopwateh, stereoviewer,
and apparatus:  slide viewsr, McArthur microscope, chemical balance, colorimeter,
pump for SO2 in sir determination, taboratory burner, thermometer,

tuning forks.

Glassware: Various {including test-tubes, syringes, microscope, s&des etc.): also
retort stand equipment,

Chemicals; 69 different chemicals.

Misceilaneous:  Atom models, iitmus paper, carbon electrodes, magnet, graph paper,
fogarithm tables, ete.

Diagmrﬁ a: Smhmwy ofmaifvcocnpormtéofa typice! QU courss.

214

) K 'sfop e noks )
- S mnen:fs !mmcr ,c&'a‘ nﬁtm :
Cdrrotuan v b .
: ‘“'.-9,‘5,‘ "‘-f-.“ T S w!mlt‘di‘; oot
- RERES B co L Blevady- weckgeound rebuding lcxl's :
. ) wvaitabic. repnn‘, of uetisdes et
o ‘ fra-vi .cqmtmu gwm ats .
bt Pmd”f“d " ”ud‘q i t:m.f.umd
Pm‘qie:hﬂs ; provduced on la’ﬂﬁm‘} :' St
R n"c.blvc ﬂﬂ"'ld . )
N ) - ‘mm rcg*ﬂ; t!ln‘lut.\'ﬁt\*ufp WN o
3 L oﬁdlrnieu-‘h N oo
; 'spncsat.y s daivned: t‘qu vt
.‘ ’ ond e nut‘ ] )
: homa . tud- o {A! - hf"u‘ﬂiu‘ﬁ
- Te Ry nend



wenpn pre
‘.‘: S G

£51 CorY K

5
G

<ve,

11 4

R gag 88&%%\6%%
_ m&a&&% §§§§n§~§xm 6 wese
i .
. - . : .‘ g A.<t(0\||\l\\l.‘\1f‘\ﬂ
. 4 B L .
v e PR shop g = O MBUY
. : sAND g « @) d%0Ud
.QIL NS RrA shup g = | oeBud
Sl ?.t g4 e P 9w | BRI
1
$ o
: et - sd2r iy Q3033N SAVA HOKLNY
! - v ia il
B P sl O e iut et seG LIND IRHNOD TYROILYN
. ¥ 13 R L2
. g 4
F Bteve e 8 -
s : A1 tts * y
R c \\!u wiisgisied e G ST
: e o v - N B
S L ¢ SRR W D
; er T iyt 3053 x - Lk >
: 1 W wip |4 4
! cﬂ.. N - .
B R s A
RS » 3% i v
APPSR L : - 5w st u Fea? T3 0y Bt SO 2 s < 40
Goa 8T Bl o wls S ey iw e B s T - 343 Cadwi? 203 [T IR F : evel
a‘oir..r. <2 B LI LR s o (4 i Al pr—- FUANOT DY TR0 3 Weu g ’ el
Rl (S0 piiadys b : Prye e H T B D Fud Wy Jniad 15 Dia G it
WG IS v aerasnaramnag P g Mow AR i P e
&wd bAl«tri( P L4 : ‘.llf‘l..!. r— L L4
. f.«/ BN ¥ 5 1! e :3.0 4% i LYY 1Y
- .A/ ;.Iff §raci v ed [ \
.r.,f, o3 v *
Ak . 03
v /m £ oy ‘
LIRY - . .
LU VN e
R .K. Sew gy L Lt
BEEPESS SRR
3 ..,» B R R T .
[ Usn,w!- MG 2 .
.fu./..w, HENEN 4 T
MR S 2
- T v 1 -
OV N i v
A . T bk W]
- i ,-nwv:. W@ >
-y "
’ i ¢
R S < o
Tk PO .i » _
i «

T B0 A5VHG

EECTY

S b ek s ate
SRR IR GRS 3

11 IBVHJ]

t ABYHI

O

IC

Aruitoxt provided by Eic: .

*



Each course team accordingly operates a number of iwckward-running schedules of the kind shown.in
diagrams 10 dnd 11. These schedules are backward-running in the sense that absolute deadlines are determined
- {e.g, the latest time for settling copyright problems, or handing over graphics, or compfleting final draft of corres.
pondence text), and the work is then sgread as evenly as possible over the weeks leading up to the deadtines in
question. This typically leads to the production of a large matrix in which a separate column is assigned to each
key activity, and a separate row is assigned to each week of the year. in each cell of the matrix it is possible to
record the stage that a certain activity should have reached by a certain week. It is also possible to record the
name of the person(s) responsible for handling that stage of the activity.

As a further safeguard, the Vi(:e-Chanceﬂor‘s office operates a general monitoring system over course
production as a whole, In this way, it is possible 1o predict the kinds of demands that are likely to be made on
the Media Production Department and on other parts of the Open University’s system, and to co-ordinate the
flow of material from the individual course teams through the production and despatch system, and on to the

student. Arrangements of the kind just described are by no means optimal, but they have so far enabled the QU

to avoid serious crisis,
. &

~ Further Reading

A continuing series of papers, by the present writer, is appearing in the British Journal of Educational
Technology. T?ge first 5 in the series are:

1. Lewis, B. N., Course Production at the Open University §: some basic problems. 8r.J.ed, Tech. Vol. 2,
No. 1, 1971a.

2. Lewis, 3. N, Course Production at the Open University {: activities and activity networks. 8r.J ed. Tech.
Vol. 2, No. 2, 19718B.

3. Lewis, B.N., Course Production at the Open University i11: planning and scheduling. Br.J.ed. Tech.
Vol. 2, No. 3, 1971¢c.

4, Lewis, B.N, Course Production at the Open University 1V: the problem of assessment. 8r.J.ed. Tech,
Vol. 3. No. 2, 1972,

5. Lewis, B.N., Educational Technology at the Open University: indices of quality. 8r..J ed. Tech. {in press),
1973.
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JUDGING PRODUCTIVITY POTENTIAL OF AN INSTRUCTIONAL SYSTEM:
A REACTION TO PAPERS BY BALDWIN AND LEWIS

Stephen Yelon
Professor of Educatipnal Psychology
Michigan State University

An educator often has to judge the productivity potential of an instructional system, a proposed instruction-
al system or one i practice He can do so by checking to see if a project director uses procedures which are likely
i create an instructional design which in turn is likely to result in increased learning, quicker learning, less expen-
sive learning and more acceptable learning.

A project director can find procedures leading to productive design by abstracting from the procedures used
to form proven productive instructional systems. He c2n comoine what he finds in exceptional systems with what
he knows about models and theores of instruction. The purpose of this paper is to give a check list of procedures
to project directors. ‘

There are five basic procedures that must be included in 3 potentially productive instructional system. A
proposal should include procedures relating to (1) The measurement of productivity, {2) The derivation of goals,
(3) An account of resources and limitations, {4) An application of social science, and {5) An evaluation for
improvement.

Measuremeni Frocegures

Let us look at each procedure; the first procedure results in the creation and use of measures. One asks,
»Does the proposal include plans to have an objective agency measure many aspects of the productivity ?”

To be more productive, a proiect director must know how well his system is doing in all possible respects,
To measure many aspects of productivity one must go beyond using credit hours or courses listed. Productivity

-

may mean any of the following things:

More students achieve important objectives.

More students apply what they have learned in the real world.

More students remembes wiat they have been taught for a longer period of time.
More objectives have been achieved in a given time.

The achievement takes less time for planning and for learning.

The achievement takes less money.

The achievement takes less work.

Students, faculty, and people in the community are more satisfied with the results.
More students demand the course work.

Measuring varied aspects of productivity is imperative in an opan setting where a project director is never sure
what results he is gaing to get because of the experimental techniques often used,
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An objective agency should be used 10 evaluate productivity because it is often difficult for one to see his
own errors beyond his experience, The objective agency should be called in to measure the productivity of the
system bioth as it 15 heing devetoped and when a prototype is complete.

Although Baldwir: did measure some aspects of productivity he certainly did not measure all and left out
some important productivity messures. Me tatked of many offerings for less money, added enroliment, less work
for more course offerings, freeing of schedules and making learning more acceptable to students. He did not how-
ever, mention students applying what they had leamed in the world, or achieving more objectives. Me did not
mention anything about an objective agency doing the measurement, * |

Lewis, spoke of 800 graduates and 40,000 students enrolled, a low dropout rate, and other measures of

acceptability to the students and to the community, but he did not tatk about productivity in terms of student
learning,

Goal Derivation Procedures

The second important procedure to create productive mstructional design is the derivation of meaningful
goals. One asks, “'Does the proposal include procedures to derive meaningful goals?” To be productive a project

must meet student needy. Therefore, a project director must assess student needs and then set goats which meet
those neeas. ‘

1
The assessment of a community’s status to determine prerequisite achievement, attitude, belief, skifl and
interest is crucial in an open system where students have little direct contact with staff and where students are
quite different than those attending traditional colleges and universities. Goals must be stated to communicate
nstructional intent to students and staff. The goails must be communicable, comprehensive and reality based.

By creating goals based on audience assessment, a project director can make learning much movre meaningful
to the students; and therefore, increase the completion rate, increase student satisfaction, increase enroliment,
and increase the number of objectives that students will learn because he has accounted for their pre-requisites.
When a project director states goals clearly, students may select courses more accurately and are likely to achieve
a certain amount of satisfaction by recognizing the results of their Jabors. The facuity are likely to plan and
implement their teaching with greater efficiency and are likely to be satisfied when seeing concrete resuits. By
eliminating irrelevant objectives and adding important ones, a better use will be made of project money.

Baldwin alluded to some assessment of the needs of older ergineers, but it seems that this assessment did
not come before setting course goals. Course goals were not stated in the paper. Lewis reported on assessing
student needs and stated that statf continue to survey student needs, interests, and progress. Course writers
assume students do not have any prerequisites for a given course and let the students take exemptions to find
their proper placement. Practical goals are used by staff for writing course units,

Procedures for Accounting for Resources

The third procedure used to create productive instructiona design call for making the best use of the
resources and limitations present in the system. One asks, “Does the proposal include procedures which will
create & design to take into account the resources such as time, media, staff, students, community, money,
Space, and course content. The general strategy a project director should follow is to maximize the usefuiness of
the resources and work around or reduce the hmitations.

In an open system a great deal of time and money may be spent on expensive media to reach students in
remote areas. This time, money and media are three resources that must be used very well,
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A project director can use time will by carefully planning production strategies. He could generate a proto-
type early to test his plonning proceduies, his teaching procedures and his testing procedures. He can use materials
similar to those he will generate. He could creote a program with the barest essentials of content and then, as
emnpit gcal evidence 1 collected, he could add necessities to the program. Ha could plan to keep all of the units in
draft form except for the tirst or. The lessons learned from testing the first unit could be applied to the second,
then the second unit could be tested. He could plan for his planning; he could assign responsibilities and set dead-
lines, In practice he coutd test students and materials frequently so that any remedies would be small enough to
be handled quickly and inexpensively. He could create nstructiona! products which are self-contgined, tested,
and re-usable,

Baluwin, saved time by producing instructionast proaducts, and saved the instructors from repeating things
that they had already done, To save time these products were used during working hours and for remedial work.
No other strategics to save Lime wore mentioned. Lewis, saved time in many ways, he provided student exemptions
of courses, by having faculty work groups analyze rough outline drafts, by using objectives and conceptual dia-
grams 1o get the students to learn more quickly, By trying to work around the problem of sequencing of instruc-
tvon, by using activity schedules to set deadiines and assign responsibilities, by using existing texts and by getting
the system out and ready fog* tesung.

Fred Allen, the noted radin comedian, once wnd "The reason !heyﬁ call radio o medium is that nothing on it
is ever wetl done.”” All project directors are told to use media appropriately; however, there are very few people
who know what the appropriate use might be for ditferent forms of rivedia. Baldwin used television to extend
place; whether he used televis,on approgs ately, we cannot tell. But baldwin seems to be wedded to video-tape,
and may have eliminated «:her Kinds of media development which may be cunsiderably loss expensive and
perhaps, in some cases More appropriate. Lewss uses alf forms of inedia, sach with = particular rationale.

1n an open system where the maximum amount of students have to be reached, the statf must be used well.
To do so an administrator must employ strategies such as division of labor, team work, and work schedules
including deadlines and responsibilities, He must work at incressing the staff's motivation to do a good job by
using participative management, by providing concrete and direct rewords to the faculty, by employing com-
MUNICAtons systams so that the staff can work well together, by training faculty in learning system design”, in the
psycholoygy of learming, in the exact nature of then system, in the ability to work together as a team and in the
abulity to use resources. He may even go so far as to be sure that the values of the staff members coincide with the
goals of the system,

In all of these ways a project director can increase the satisfaction of the stait by yiving them control. He can
increase the propabdity of iearming by finding good suggestions through participative management,

Baldwin, used staff to create the video tapes and occasionally to visit the students. Lewis, used staff by
employing methods of division of tabor and teamwaerk, by setting up + system for communicating criticism to each
other, by dividing qroups into writers aud observers, by choosing people of similar views to write rather than to
fight 1t out, and by using Tstors 1o do the inb of human contact and immedizte feedhack.

{1 an open umversity system staff cannot possibly do aif of the tesching and cover sl of the remote areas in
which students® will be placed, thus, the students most neglected 1s0uree in sny instiuctional system, must be
used well. They must be tauaht to tutor each other and to benetit from the system. Bsldwin, did not mention
anything related to the use ot students for peer teaching. Lews, (ook the students 1110 dccnrunt by easing the pace
of assignments and by planning to teach students to teact vach other,
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To use money well, an accurate assessment of the costs must be made. A project director must feamn how to
estimate costs aocurately and learn how to amortize the costs over time. He must take into account the import of
the goal for which he is spending money, he must ask how much money is it worth to reach a given goal. Few
wstructional developers, including Baldwin and Lewis, speak of the question of money related to goals. Baldwin,
however, uses money weli by making an uccurate assessment and heing able to amortize the costs of course work
over time. This ability comes from years of experience of producing video tapes. Lewis uses money well by not
spending any more than budageted, by requiring staff to put in more time, and by not wasting money by producing
special books and extra, costly, unnecessary media.

Procedures for Applying Social Science

The fourth procedure for creating productive instructional design is the application of principtes. One asks,
“"Does the proposal include procedures for applying social science principles, those that include the psychology of
learning, motivation, and attention, and the principles of sociology and anthropology?” If a project is to be
productive, new materials must work the first time to reduce additional cost and time for revision. A project
director must use what he knows from sociology to assess and take into account the characteristics of certain
groups. in open systems this is important; it is also important to apply general principles of learning, motivation,
dttention, comimunication and perception.

Baldwin describas practice, assignments, and visits, but | cannot be sure in reading his paper, whether there
was a concerted effort to introduce psychoiomical principles into the creation of the system. Lewis, however,
provides clear evidence of the use of psychological principles dealing with practice, feedback, interaction,
progressive testing, repetition, use of objectives, use of knowledge structures, and so on,

Formative Evaluation Procedures

The tifth procedure for creating productive instructional design is formative evaluation.® One asks, “Does
the proposal include procedures for self-improvement through data collection?” To be productive a project director
has to be committed to improvement. To improve a project, a director must collect evidence to find areas of
success and areas of faifure. Even if all ather procedures are put into effect errors will be made because of the
presence of new audiences and new techniyues. kEvidence must be collected in order to climinate those errors,
Baldwii describes some rescarch done to improve one of his pet projects. Lewis statos that the formative
nvaluation process 1s built in- students, tutors and survey researchers are always collecting data to find out where
the system can be improved, tests are analyzed for this purpose as well,

The presence cf these five procedures do not guarantee productivity because there are many prohiems and
many issues related to each procedure. In general however, if these $ive procedures are included to plan an
instructionat system, the chances are that the system would be productive. | believe that if in the fong run the
instructional systems described by Baldwin and Lewis are productive it is becausr they planned using procedures
like those described to design their systems.

ALyt tachniques are nat wett tarmut vted tgt P have completed 8 o gt magnaseript of o 1ext on formative evatuation,
which wiif soon he available,
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A REACTION TO “CHICAGO’S TV COLLEGE:
A TELEVISION-BASED OPEN LEARNING MODEL"

< ‘ G. R. Klare
‘ Ghio University

L J

_ The success of Chicago’s TV College, as described by Dean Zigerell, is.most impressive. Lot me comment
briefiy on the major indices of success now and come back to them again later.

1. Program duration. The TV Coltege has been in existence for 17 years—many times tonger than most
instructional television, or {TV, efforts.

2.  Ensofiment. The number of students reached during the Coﬂege's existence is over 180,000, with mors
than half taking courses for credit. This makes the TV College by itself as large as a state unwersity in
terms of students taught,

3 Satisfacgion. The satisfaction registered concerning the TV instruction compares favorably to that for
conventional college courses, in fact exceeds it in some regards. This is surprising in view of the less
positive resuits of most early {TV research covering the same kind of instruction,

i)

4. Cost. The cost per student-credit-hour is very close to that for conventional courses, in fact, slightly

fess. This is in many ways the most impressive of alt indices.

Rather than say more about the indices of success now, it would be more profitable, 1 think, 10 ook instead
at the probable reasons for success. The most impressive area of success has been with the largest segment of the
- audience—the homeviewers, who make up 75% to 80% of the credit enroliment at the present time. Let me, there-
" fore, concentrate on the probable reasons for success with the homeviewing audience.

The logicat place to look first is at what the literature in 1TV says, to see if the Chicago TV College’s experience
bears it out. Two related points are frequently cited in the literature,

1. Manner of presentation. This is frequently given as critical to viewer acceptance of ITV.

2. Use of specialists. This is often described as necessary for effective use of television as a medium for
instruction.

Did the Chicago TV College follow these dicta? Let’s fook, beginning with manner of presentation of prograins,

It seems a'most axiomatic now in ITV that one does not present a so-called " Talking-head” or ""talking face™
unless, perhaps, they happen to belong to someone like Bill Cosby. The message seems 1o be, that & reqular instructar
should not stand in front of the carnera as he would in talking to his class, at least not for us long as o quaerter or
semester. As we found in our targe introductory psychology classes of 2,000 some years ago, students seem to
prefer a hive human bemg cven of they can onfy see him with field glasses,
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Yet, Chicago’s TV College does not seem to have baen 100 concerned with this matter of manner of presenta-
tion. As Dean Zigerell says, the TV courses are basically . . . a visually enhanced, carefully rehearsed classroom
performance.” He also says that the College does not use “fast-moving, high-visual production techniques.”

Next, tet's ook at the matter of use of specialists. Here, again, the TV College does not seem to have followed
the ““game plan”’. As Dean Zigerell says, “instructional teams have seldom been employed,’” and TV College lacks
.. . the resources of money and personnel for thoroughly ‘mediated” instruction.”

When then, has Chicago’s TV College been so successful? Dean Zigerell has | think, provided the clues in his
address. But | would like to emphasize them, so that it is possible to suggest ways for others to profit from his
experiences. He says, at one point, that the Chicago metropolitan area contains a ““virtually mexhaustible
audience of mature, able, highly motivated students eager to enroll as credit students in college-level television.
COuUrses,

1’m sure Dean Zigerell chose his adjectives carefully: .

. “"highly motivated,”’
b. “able,”

&

¢. “mature;’” and as he added later in his paper,

d. ““targely remate.” ™
And just in case some additional characteristics should be needed, {1l leave a place for *‘Other.”

As an instructor, ! can’t help remarking, that highly motivated, able, mature women students are likely to
learn under any teaching method or any instructional conditions, no matter how good or poor. As most of us
xisow, it would be pretty difficuit to keep such studants from learning. Apparently the only things that did, in the
case of the Chicago TV College audience, was the lack of accessibility to education and/or tuition funds.

Given such a situation, | think certain implications follow from the Chicago TV College’s experiences when
others—or even Dean Zigerell and his group—wish to serve different audiences with the same success as his current
homeviewing audience. | think it can be instructive to look at these implications as a help to others now, but slso
10 suggest some needed research as Chicago’s own audience changes. Since Dean Zigerell says that an attempt is
tieing made to reach the disadvantaged segments of Chicago’s population, we might fook at the implications with
that kind of changed audience in mind. And again, use the applicable indices of success that § mentioned earlier.

Implication One. The most interesting and important implication is that the characteristics of presentation
will probably need to be changed for a new audience, at least if enroliment is not to suffer. What k/nds and
degrees ot changes will be needed? That is a yuestion for research—or trial-and-error—of course. But some
hypotheses are suggested by the TV College’s experiences. Note that four likely candidates for changed presenta-
tion are the amount offered of:

a. fast-moving, high-visual production techniques;

b. self-scoring and programmed materiais,;

c. face-to-face and telephone conferences; and

d. vocational orientation in courses.

Again, 1 have added an “‘other’’ category to cover other possible characteristics not listed. Given subjects whe

are highly motivated, high in ability, highly mature and in large proportion women, only relatively small amounts
of the four program characteristics are needed. But, given subjects who are, in some combination, less highly

224



motivatad, tess able, less mature and/or are in smaller proportion women, which of the pragram characteristics will
need to be changed? Only time can tefl-and 1 hope it wi/ tell, That is, | hope that as the prime audience for
‘Chicago’s TV College changes, an attempt will be made to refate the changes in people characteristics to those in
program characteristics.

Other program charactersstics not listed may, of course, need to be changed also. 1 would like to suggest one
myself, in fact. | believe that the instructional material used, particularly the written material, will probably have
to be made more “readable,” i.e., easier to understand and more efficient to read. As motivation and ability go
down, the need for improved readability goes up, if materials are to remain effective. {For a brief discussion of
readability and its effect upon reader behavior, see the attached paper, ’Readability and the Behavior of
Readers”.)

In summary, keeping enroliment up with a less easily taught audience will not be easy. Such a change has
other implications for the indices of success mentioned earlier.

Implication Two. The second implication is that the satisfaction expressed by the student viewers is likely to
decrease. At least in the early stages, student comments are likely to move in the direction more typically found
in avaluation of the type of presentation used in Chicago. This is likely to show up in something of a drop in the
high current numbers who:!

a. say they enjoy studying on TV, or who say they like thesr TV courses;
b. say they feel they learn 85 much from TV as from conventional classes, as is now the case;

c. say they find their TV courses better organized and presented than conventional classes.

it is hard to say how grades in the TV courses will compare to those in conventional courses, since grading
tends to be so subjective and thus subject to other pressures. it would seem desirable 10 compare actual grades
rather than, as in the study reported, to ask students how their grades compared. Human memory being what it is,
1 usually find self-reports of grades somewhat higher than actual grades,

h]

Implication three. The cost of 1TV instruction is likely to increase, It will be interesting to see whether the
cost per-student-credit-hour can be held as low as for conventional instruction, This is not meant to be a criticism
of ITV: | hope it can be kept as low. What reaily concerns me is whether Dean Zigerell and his group will be able to
get extra money to vary their presentation if this is needed. | hope, especially, that some research money will be-
come available to stuay the characteristics of the new audience and to try various changes in presentation in order
to maintain the success currently being achieved.

in summarizing, let me make several points. My comments were not meant, as I've indicated, to detract from
ur disparage the success of the Chiragn TV College. As Dean Zigerell has said, an 1TV presentation must be evaluated
in terms of what it sets out to do and for whom. What | hope, is that it will be possible to document the ways the
current approach must be changed to deal successfully with a changed audience.
{

This will take research time and money. But it could be very worthwhile for any other ITV programs in the

planning—or even operational ~stages. With the current growth of the open-learning and open-university models,
this could help many states—and perhaps also some countries—to move faster along the road to effectiveness,
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READABILITY AND THE BEHAVIOR OF READERS

G. R. Klare
; Ohio University

i
i

One of the best ways to tell people whit “readability” is, I've found, is to start by showing them what it

isn‘t. | happen 1o have here wf;tat i think is a particularly good-—or bad—example from the Federal Register.
The maximum price for a primary fish shipper sale of fresh fish or sea-food {except shrimp,

salmon or halibut) to a retailer or purveyor of meais where the sale is negotiated or made at a

branch warehouse as herein defined and where the fish or sea-food is sold and delivered from

the stock of a primary fish shipper wholesalers branch warshouse which is remote from his main

place of doing business, and at which warehouse the primary shipper employs two or more full

time employees who are stationed at and engaged in making $ales and performing services solely

for the primary fish shipper from such warehouse, is the price listed in Table D in 22 plus the

allowance provided in 6 for a service and delivery sale where such saie is. made, plus the trans-

portation allowance in 9 plus the appropriate container allowance in 21,

After reading this passage, | think you can see one of the reasons that price controls may be unpopular with
those who have to apply them. The passage illustrates one extreme of the most common dictionary definition of
readability: relative ease of understanding or comprehension due to the style of writing. This definition contains
the two points most commonly agreed upon concerning readability:

{a) the emphasis upon “understanding’” or ‘comprehension”, and

{h) the eniphasis upon "'style in writing’’ rather than content, i.e., upon how soméfﬁiiiq is said rather than
upon what it is said.

These two points will come up again at different places in my discussion, which concerns the relationship of
readability to reader behavior, with special attention to reader persistence.

in order to establish a relationship, of course, a measure of the variables involved is needed. Let me begin
with readability. The most common measure of readability is the socalled “readability formula.” Well over 100
such formulas have been published {my count to date is 141); 33 were developed by one research worker alone,;
in recent years. The large number is partly a reflection of the many different purposes and materials to which
formutas may be applied. But is is also partly a reflection of the convenience of computers in manipulating and -
analyzing the data needed for formula development and for formula application. At least 29 computer programs
currently exist for applying readability formulas to large bodies of data.

i do not want to get deeply into the topic of readability formulas and their variety and diversity. That is
another topic for another day. Instead, let me simply provide a capsule description of formulas. Fortunately, this

can be done quickly as follows.

1. The varinbles in readability formulas usually consist of cuunts of language, or style, elements which
have been found to correlate highly with comprehension scores on a wide range of passages.
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2. The vaniables are usually chosen so that, in addition 1o their predictiveness, they are objective, quick,
and easy to apply.

3. The most commonly used variables are some measure of word difficulty, such as familiarity or length,
and some magsure of sentence difficulty, such as complexity or length.

4. The variables are usually combined in a regression equation.
5, The formula s usually applied to samples of written material, aspecially when the material is lengthy.

6. The formula provides scores which serve as an index of th’é readability, i.e., the reading difficulty, of
the written materal. Sometimes grade-fevel scores are used, and sometimes a different scale i used.
- But the interpretation of the scores, at least, usually qu’ives grade levels because their meaning is easy
to grasp and apply in an educational situation. )
Let me show you 4 typical readatutity formula. It is the F'lesch ”F7t!admg Easy” formula, with a table beneath it
that 1s communly used to interpret the scores it provides. i

i

Table 1. interpretation Table For Fleisich Reading Ease Scores ;!

{
Formuta: R.E. - 206.84 - 85WI~ 1.015s/ i

¢

e et v ¢ . oy 8t = o e o At At e L e - e

H

TYPICAL POTENTIAL

\ SYLLABLE TYPICAL AUDIENCE
R. E, DESCRIPTION LENGTH SENTENCE TYPICAL SCHOOL GRADE
SCORE OF STYLE {100 WORDS) LE&GTH MAGAZINE COMPLETED
0-30 Very ditficult 192 or more 29 f’f more Scientific College
30-50 Difficuit 167 25’.’ Academic H.S. or some
: College ’
B i
50-60 Fairly difficult - 155 ) 21 Quality Some H.S.
60-70 Standard 147 17 Digests 7-8 Grade
70-80 Fairty Easy 139 14 Stick-fiction 6 Grade
80-90 Easy 131 M Pulp-fiction 5 Grade
90-100 Very Easy 123 or less 8 or less Comics 4 Grade

g e - - . —————— s — I DR — ———— —‘L —— - A e

e e A &n At S ma s g

The formula, R.E. = 2-6.84 — 85w/ — 1.015s/, is at the top. R.E. = “'Reading Ease,” which usually varies
from O {which is practically anreadable) up to 100 {whigh is easy reading for any literate person); w/ = the variable
word length in syllables per 100 worders (with its regregsion weight of 85); s/ = the variable of average sentence
length in words (with 1ts regression weight of 1.015); 2‘36 84 = a constant which adjusts most readabmty scores 10
the scale from 0 to 100. :

f

Actually, the constant doesn’t manage to put ali; wntmg on the 0 — 100 scale. The Feuwral Réyister passage |
showed you earlibr yeelrls a score ot —71, which you can see is way off the scale. It has values of 233 syliables per
100 words, and 1564 words per sentence, That's prettyjunusual but | could actually have done even better. | spared
you a sentence of 495 words tong that | found in a studv of correspondence materials | completed recertly, and
that | will be referring to again. | think you can see, at any rate, why such material goes somewhat beyond the
interpretation table’s highest descriptors:
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2 Uvery ditheult” in style, -
b. “scientific’” in magazine level, and

¢. “college’” in reading fevel

Since 1eadatulity tormulas nmvu!e convenient indices of reading difficiity, they have heen very widely used
in all areas of education, mass communication, publishing, mdustry, and the military services. A numhber of validity
studies have also been done in order to relate readability scores to reader behavwr particularly comprehensior of
wiitten material. These studies are of two kinds, :

1. Correlational— where readability scores have been related to comprehension scores on large numbers of
passages of diverse content. An example would be passages from a standardized reading test.

2. Zrperimental—where a pacticular passage (or set of passages) has oeen rewritten at one or several new
Ie v:is of readanility, to see what affect this has upon comprehension.

Rather s rorisingly, the refationship between readability scores and comprehension has been far from perfect..
Mary reasons for this are possible, of course: inadequaie measure of comprehension, poor testing conditions, etc.

But in un on-goirg review of the literature, § have founa that two other factors are trequently responsible for the
luck of relationship, or a low relationship.

The first of these is failures to consider level of reader competence. By this | mean such things as reading
skills, verbal ability, specific background for the material, etc. To give you a quick illustration, let me provide two
passages,

Adjustment of each of these transformers requi-es loasening the knurled nuts on the
diametrically opposite screws which travet in helical slots in the cylindrical housing, and moving
them along the siots with the fingers. If a tight fit makes this operation difficult, the desired
result 1s facilitated by oscillatory rotation to the limits permitted by the oscillatory rotation
to the limits permitted by the width of the stots, accompanied by axial pressure in the direction
of the required axial movement,

The relative contribution of motivational and cognitive factors is difficult to ascertain
since there s always a covariation of these variables in the humor stimulus. 1t should, however,
be possible to'arrange a large set of humor stimuli so that cognitive and motivational aspects of
these sti nuli are orthogonally represented {if such independence is not possible to create, that
would be inte -esting ton)

The first passage, with a score of 23 on Flesch’s Scale, is intended or technicians in the Bell System. Most
of the technicians are high schoos graduates; few have any: more educaticn than that, The second passage, with a
score of 11. 15 intended for fellow psychologists by a psychologist writir g about humor.

Thes second passage may not, as one reader said, be funny. But it s probably easier for its intended audience
uf psychologists than the first passage is for its audience of technicians, It seems safe 1o say, furthermore, that
technictans would have more trouble reading the humor passage than psychologists would have reading the trans-

former passage. My point is simply this: when a passage is said to be readable, the statement should also say for
wharm 1t s readable.

The importance of this factor, reader competence, is easy enough to see, and the relationship is a logical on~,

at teast within broad limits. The less competent the -eader, the greater will be the effect of improved readability
upon reader comprehension and reader persistence, This is tae case for reading skili, back ground, etc.
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There is another factor, however, that is 110t so easily spotted in validity studies. Let me explain, using as an
example a study | made recently of the readability fevels of corréspondence materials.

The United States Armed Forces Institute, or USLF1, as you may know, is the chief “correspondence school”
for the Armed Forees. It provides correspondence materials in academic subjects at primary, secondary, and coliege
levels, plus vocational materials at roughly high school level. USAFI asked me to analyze the readability level of 30
sets of their high schoo! and beginning college materials (a set consists of one or more books plus a study guide).

I analyzed a rather extensive sample of materials—over 150,000 words -using a compute: version of the Flesth
Reading Ease formula developed by several colleagues, one of whom was Larry Stolurow, and 1.

USAFI research personnel Clay Brittain and Kim Smart then related the readability scores to the probability
that students would send in all of their lessons, which is usually not the case. Sufficient course completion data
were available on 17 courses for such an analysis (there were insufficient data on 13 new courses. A rank order
correlation of .87 (p. < .001) was found, holding length of course (a critical variable) constant. The prodidct moment
correlation coefficient on these same data vielded a value of .75 {p. < .01).

Here we can see that level of readability is so clearly related to the reader behavior of persistence. In a sense,
of course, there must be a relationship to reader comprehension also, since the amount comprehended would go up
if only because more material is read when readability is improved. The next step, ideally, is to be sure that the
results of this correlational study can be followed up successfully with an experimental study. | have provided
USAF{ with versions of standard lesson materials in which the readability has been increased li.e., improved), but
with the content held constant. This experimental study of the relationship 0f-comprehension and persistence to
readability has not been cairied out as yet. But even at this stage, the USAF§ study shows thayt, under the typica&
learning conditions in correspondence instruction, readability can play a significant role in rea persistence.

Now fet me generalize briefly from these results. It seems probable that the chief underlying factor here is
reacdler motivation. That is, the less highly motivated the reader is, within certain fimitations or eéxtremes, the more
important readability is. | believe, theretore, that reader motivation as well as reader competence must be con-
sidered when evaluating the relationship of readability to reader behavior. Here 1s a picture of the proposed
relationship, :

A Model for the Relationship of Readability
to the Behavior of Readers

o ——— o

THE READER'S LEVEL THE READER'S LEVEL VINTERAC'HNG

OF PERFORMANCE ISA OF COMPETENCE WITH
{e.g., his comprehension, {e.g., his reading skills,
speed of reading, depth of verbal ability, specific
reading, etc.) background, etc.)
THE READER'S LEVEL INTERACTING THE READABILITY

OF MOTIVATION WITH LEVEL OF MATERIAL

{e.q., his reading purpose— {e.g., the reading grade
from "‘readinyg to fearn” : level, word difficulty, sen-
to “reading to forget,” set, tence difficuity, etc.)

“stakes’’ etc,)

Why hasn’t the effect of a factor as obvious as reader motivation been accounted for in validity studies? |
think | know one answer, ot least. Subjects are in experiments, especially if there s desirable rewards, tend to be
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rather highly motivated. Or, if they aren’t already, most experimenters try to raise the level of subjects’ motivation.
After all, an old dictum states that subjects should be highly motivated during experimental testing in order to get
stables scores.

Yet, tooked at in the way | am sugqesting, it appears that exprerimenters might actually be rediscing the like-
hhood of a significant relationship between readabitity and comprehension. My on-going review of validity studies
suggests exactly this. Most of my work invoives the resding of microfilmed dissertations. Though they are hard on
the eyes, they are a lot more illuminating than journal articles, which seldom provide critical details because of space
restrictions.

What | have noticed is that 4 combination of two sets of conditions commonly found in experimentation
usually seem to reduce the likelihood of a significant relationship between readability and comprehension. One set
of variables consists of motivation-raising conditions, such as:

a. having as the experimenter the subjects’ reqular instructor; and/or

b. carrying out the experirnent during a regular ciass period; and/or

c. stating, or at least implying, that the study is of considerable |mportance {i.e., wm contribute to course

grade, or help to determine the need for remedial work, etc.).

The second set of variables consists of provision for increased motivation to have an effect upon performance,
such as:

a. providing generous reading time; and/or

b. allowing more than one reading of expeiinental passages; and/or

€. permitting referral to the experimental passages during the testing period.

Given, then, a combination of conditions which increase motivation, plus the opportunity for increased motiva-

- tion to affec’ reading behavior, the likelihood of a signiticant relationship betwern readability and comprehension
levet appeared to decrease.

We now have a dissertation being completed at Ohio University by Car} Denbow that appears to demonstrate
the motivation factor in another way. Two passages were rewritten so that for each there were t.vo levels of read-
ability: easy {approximately grade 5-6) and hard (approximately 13-15 grade level, or college). Subjects read a
versiun of a passage, rated the content for interest to them, then took a “close” (deletion) comprehension test on
the passage. One paszage, which was on gun control, was rated significantly more interesting than the other, which
was on wheat prices. The overall effect of readability was significant, but readability also had a significantly greater
etfect upon the comprehension of the non-preferred than the preferred passage.

What are some implications of my littie model of readability and reader performance for instructional
materials? | can think of several.

1. The readability level of materials is especially important to the persistence and comprehension of
readers of low competence or low motivation or both. Put conversely, readability is of relatively much
less importance to readers of high competence and motivation. In fact, readability is not even very
important to a reader nt moderate competence if his level of motivation is high enough, as many
daverage citizens demonstrate every Aprif 15 or thereabouts.

2. Tests of validity should be niade under typical learning conditions, particulany as far as motivation is

concerned. This may frequently call for a field type of test, when a laboratory-type of test is instecd
often carried out. It is entirely possible that the potential value of readability in correspondence
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instruction might not have become apparent in a Liboratory study as it did in the course completion
study. It is similarly possible that other potentially valuable instructional variables may be falsely
abandoned as non-significant because the conditions under which testing occurs do not represent
well the conditions under which learning typicaily occurs. :

3 Finally (and less clearly), it is possible that certain variables in written instruction may be more effec-
tive under conditions of low motivation. What the variables most effective under the condition of
relatively high motivation might be is not clear to me. Perhaps organizing or thematic factors or test-
like events {questions) might be candidates. But it is at least becoming clearer that readability is most
effective under the condition of relatively iow motivation.

And that condition, as in our correspondence study, is far more often typical during learning than we would
like to think it s,
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SUMMARY AND IMPLICATIONS FOR DAY THREE
Personalized and Open Leaming Environments

Lawrence M. Stolurow
Professor of Education
S.U.N.Y. at Stony Brook

I will try to come 1o grips with important issues arising, in my opinion, from today’s presentations. We
have heard a number of excellent papers and Professor Yelon has already reacted to them in a very interesting
and stimuiating way. Consequently, | will try to develop some of the ideas which were suggested to me by the
papers and discussions rather than retrace steps. Later we will prepare a more through and careful treatment
of the findings, problems and their implications. Professor Harrison and | plan to summarize by identifying
points raised by symposium papers and their implications to suggest sorme possible directions which NiE might
program in its development of educational technology.

it is clear to all of you, as it is to me, that many useful contributions were made here today and that
there is a great deal of food for thought in the papers presented. Today’s presentations considered in the back-
ground of the previous two days make it clear that the technology used in higher education has worked, is
working and can be made to work even more efficiently, extensively and acceptably to both students and facuity.

it also is clear that it i< not appropriate to talk about 8 technology any longer. We have heard about
severat viable educational technologies each of which, while developed as a separate effort, appears to be capa-
ble of coexisting, with advantage, in a single institution along with the others. The integrated use of the
several technologies would represent the next logical step in the evolutionary process traced by the three days.
It would permit students to select from a wider range of possible pedagogies according to their preferences
and demonstrated value along the general lines suggested by Professor Lumsden’s “free pedagogical economy.”

It also is apparent that each of the technologies is dealir g effectively with a set of problems and students.
What is not always apparent is that the most difficult problems with which they deal are those that have
plagued education throughout its history; these are the problems of teaching in efficient ways so as to produce
learning and the desire to learn. An important historical difference between old and new approaches and one
that has given impetus to the search for new and more efficient ways of teaching is the growth in the numbers
of students to be accommodated by an eduwational system. In the more recent past, increases in numbers meant
8 search for ways in which the system could deal with larger and larger groups. Some of the technologies are
designed to do this in relatively simple ways such as voice amplification to permit a teacher to reach a larger
number of students, Other technologies, however, for example computer-aided instruction, are designed to
increase the numbers of student related to while also personalizing their experience in the learning environment.

One thing that the new technologies have done that was not done earlier is to make the basic problems of
education more apparent to us. While this is a very useful contribution, it does not come without cost. The cost
is that the problems are thought to be those of the technology, produced by the technology and peculiar to it,
The fact ss that they are problems which are indigenous to education and basic to the process of education it-
self whether, or not, technotogy s used.
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One reason why educational techitgtogy has iluminated the basic nroblems of teaching and fearning is that
it minimizes the human fuctor in the delivery prucess. in order to minimize or ehminate the human component in
delivery it is necessary to make very explicit just what is necessary and sufficient to athieu_é a set of instructional
objectives. Everything has to be carefully planned m detail prior to the delivery of the instruction to the student. )
Things can not be teft to the teachet’s anagination amd improvisation on the spot tiecause there is no one present
at the time 1o imagine and impravise. in educational technology what you see in development s what you getin
dulivery.,

“When 1t is pussible 1o tesch without a teacher the failures of the process to produce learning or the resulting
meffroiencies are clearly those of the process of delivery that is used. On the other hand, when a teacher is the
source of delvery, 1t 1s aot clear where the problems are. The method, or strategy, used in the teaching program
may be good, but it may nat have been properly employed and other things may have been added insdvertently
by the teacher that siter or reduce the effect it has, One major area of interest in this regard which is, as yet
unresolved, is the contribution of the teachet’s personality to the effectiveness of the instructional experience,
With the capauity to deliver instruction without the presence of the teacher, research on the relative effectiveness
of instructional methods and strategies becomes possibile in a way that allows for the presence and absence ofa
teacher amd of teachers with different personality characteristics. The technology permits the introduction of a
set of comparative conditions not previously available to the educational researcher.

The interdependence of the developmental process by means of which instructional materials and delivery
plans are designed and developed differ among human and technological systems. in human systems the inter-
dependence 15 s0 great that they can not be separated without great effort and this hmits the degree of scientific
iquiry that is possible. There is no way one can determine the relative contribution of the design from the
detivery of instruction unless the capacity to deliver one design in a variety of ways and by a variety of means
that can be specified and replicated exists. While it was always possible tor a human teacher to separately plan an
instructional interaction in detail sufficient to permit someone else to carry it out with conparable conditions
prevailing and critical conditions maintained, this has not been setiously considered for a number of important
reasons. As a result the developmental technology for instruction has not emerged prior to the development of
viable delivery systems. With traditionat approaches, reliance is, and has been, placod upon knowledge of subject
matter and the intuition of the teacher. Educational technology in all of its forms of delivery, as revealed in this
symposium, has formulsted and used a developmental technology of some kind. Genes ally this has meant that
technical specialist are involved so that the developmental process is more involved with respect to personnel
as well as techniques than it is when accomplished by conventional means.

There is no doubt that delivery technoiogy has captured the imagsiiation and interest of a larger group than
has developmentai technology. There are a number of reasons for this. One is that the delivery technology for
nstruction is shared by the entertsinment, business and scientific communities. This sharing has had its good and
bad sides for alf of the educational technoigies. The technology for development, on the other hand, is unique to
the instructional process although that has not been as clearly recognized as it might be. A strong and self-validating
technology is required for the development of instructional systems and materials. lrian Lewis has provided us
with some interesting and useful guidance here.

The tech ivfogy of development was prolably most developed in the presentation by Brian Lewis and it was
claborated upon .3, Protessor Yelon. These two excellent presentations indicate that this technology is the applica-
tion of the behavioral and socisl science theory and findings to the design of fearning environments, and not an
isolated devetopment, When properly practiced 1t is a caretully planned activity requiring a vanety of specialists and
its own technological copabilities all of which are different from those required tor detivery. Professor Kiare's presen-
tation also brought out, although 1t did not delve deeply into the point, that there is a need and an emerging
rosponse to that need. it s the need for new tools and methods for materials development. A fairly technical area is
emerging to meet this need. 111s designed to provide authors and instructional-materials designers with computer

“capabilities that can make the process of onginal materials development and their redesign more cost effective,
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rehable, and vahd, The conmputer s bieing developed as an information processor, not as a number cruncher. This
area of technology could be descritied as applied educational psycholinguistics, 1t could become a substantial area
of specialization in the near tuture if properly guided and sufficiently funded.

The wea of applied educational psycholmgusstics will requine o whole array of computer software capabili-
ties 11 an antegiated enveronment tadoned tor the suthor, mstructional-materials-and-systems designers, gnd the
educationdl researcher specializing m instructional pragmatic and in the theory of instruction. In addition to the
many exssting editonsdl and text processing capabifities and the ability of computers to set type, a variety of
analyticai software s beiny developed, and it will be expanded upon as authors and instructional designers leamn
their tade and define new requirements, Readability analyzers, synonym banks, parsers with targeted areas of
apptication, key word i context analy zers, disambiguation systems and indexing software all represent bits and
pieces of @ computer-based system needed to serve the educational industry. Furthermore, it could be developed
at this time 10 serve with advantage the needs of instructional systems designess and authors for all of the technologies,

Protessor Hanson referred to computer-managed instiuction (CMI), This conception of a management system
that provides g user with rapid and convenient access to bits and pieceg of information or protessing capabilities so
that they interrelate with one another is an important concept with respect to the use of computers in personalized
and open learning environments. This conception was not developed for either the delivery or the development
pracesses faced by the institutions such as the Chicagor TV College, the Open University and the others reported in
today’s session. 11, if applied to these environments, could bie an enriching and facilitating addition 1o what they
have and doing so would represent the next stage of their evolution and alluded to earlier.

Related to the CMI conception is its counterpart for the developmental technology of instructional materials
and systems. 1 refer to this counter-part notion as computer-managed authoring, or CMA. CMA could turn out to
be one of the most significant developments of the seventies, and if it is not, then the other technologies will not
qrow at the rate and to the level of efficiency that is possible and essential $or the rapid spread of educational tech-
nology. and the realization af its economic benefits. A well designed authoring system with appropriate capabilities
would te able to assist an author or instructional materials or systems designer in the development of a wide variety
of different forms of pedagogy and delivery. It would assist in the reforming of informational data bases to identify

“objectives and to relate the statements of objectives to forms of assessment, 1t would assist in putting tégether a
scenario for TV, a script for an audio tape or film. It would generate graphics and permit their rotation and pertusba-
tion for selection of displays in support of information and concepts in instructional dialogues, simulations or in the
preparation of shides for use offline as welf as online. Not only would the CMA software support the manipulation
and generatng capabilities by aiding authors in the production of materials for instesction, it also would provide a
capatulity for storing units, tagging them and later retrieving them so they could be recombined into a variety of
relationships with other materials to form whole new sets of instructional materials (o meet unanticiqated needs,

We aid not hear as much about the development and use of computer-based system today as we might have
thought. The personalization of instruction in an unbounded learning environment is an ideal set of conditions for
the realization of the potential of CAl, troadly conceived and developed. Furthermare, with CAl the level of .
detail required in planning and the range of variation possible in instructional interactions is greater than it is for
any of the other forms of instructional technology. However, | feel that many are not ready, nor do they feel the
ume is npe, to make the leap. They may be right, but someone has to be working within the existing centers in
which technology 1s being successfully employed to develop the computer capabilities that will move the entire
enterprise to 1its next level,

CA1 15 an interesting technology to pursue at this time since it hears a very supportive refationship to all the
other delivery technologies, and to CMI and CMA, It might be useful 10 look at some aspects of the refationships.
tn the area of development of materials CAl is probably the most demanding on the author or materials develop-
ment {eam because of the level of instructional detasl it requires, particufarly 1t the tull range of delivery modes 1s
used as appropriate for the accomplishment of a variety of specific objectives over the long haul. To a greater
extent TV, films and even autio-tutorial technoloqgy aliow greater freedom to the developer of materials than does
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CAL. This has both its good and brad sides. On the good side it s impartant 1o point out that the rigor and detait
required for CAT materials development could make a substantial contribution to the other technologies by defin.
g and spetifying variables and conditions that shoutd be attended to under other conditions of delivery as well.
The requiremient for obxjectivity and explicitness i planning an instructional experience or a learning environment
produtes documentation that can serve as o muchel which s eithier shared or used as @ pomnt of. departure in the
development af materials for other technologies. Thus both the diffusion of information and the validation of con-
cepts and techniques for both design and delivery become better and more effectively realized. While not
appreciated widely, the cost of developing an hour of CAl is tess than it is for an howr of most of the other tech-
noloqies and signiticantty jower than that Yor TV or film. Not only that, but also the cost curves differ. The
developmental cost tor CAl has been coming down while that fos the other technologies has been rising over the
same pertod of time. On the bad side, CAl delivery costs ase greater than they are for the other teehnotogies;

- expecialy fitm and TV. We need to consider the totat system when we deal with the guestion of productivity.

Since CAl materials require greater detail and more complete analysis than is the case for the other technolo-
gies and since this couid be turned to an advantage for the educationat industry by providing guidance to the design
and dehivery forms used by all the instructional technotogies, it would seem that CAl has a special place in the set of
technologies we have been deqling with, This point s supported further by the fact that CAS systems generate more
specific effectiveness data than do the other technatogies. CAl is an interactive technology that records interactions

 indetail, and ; a form that is retreivable and processable by computers facilitating the formative and summative

evaluation processes. It is importunt, for these reasons alone, to consider CAl in terms of a long, as well as a short
term investment, As an investment within the set of technologies it has many more facets of potential significance
and vatue to the improvement of instruction and learning environments in general, than the others, it not only
produces instruction in the short term and with a degree of effectiveness comparable to the others, if not supetior
under spme conditions, it also can be used in ways that are supportive of the other technologies and their growth.
It has the further advantage of costing less to produce. When it exists at least two other important things also
become more feasible. One is the development of information about devetopmental technology for instructional
madteriats and systems in general. Another is research findings which increases our understanding of the process of
< struction, the design of learning environments and the research methodology required to further these ends.

Many feel that the level of detail required to develop CAl materials and systems is not warranted by the level
of existing knowledge. This seer’s to be circular argument based upon a short-sighted view of the state of instruc-
tional research and the scientific process, New tools for scientific inquiry have always opened up new areas of
discovery and deepened our understanding of the natural phenamena studied. Instructional systems are now availa-
ble that permst detailed control of learning environments and allow for the manipulation of personalized conditions
for the purpose of studying interesting and useful statistical interaction effects with methods and strategies of
instruction. The fact that previous research has identified littie that vigorously supports a theoretical position like
that proposed 1n my idiographic model, for example, does not dissuade me from the position that resesrch on
statistical interaction effects involving personal characteristics of the learner and the specific nature of programs of
instruction are a useful and appropriate area of research which justify the development and use of CAl systems.
Without the computer to manage the conditions and the independent variables it is difficuit to do research in this
important area so pasic to the personalization of learning environments. Thus the fact that there is so little existing
data does not seem surprising nor should it be unexpected.

The basic problems facing educational technology are the very problems that face education generally. These
are the problems of learning and instruction. Personalization of instruction if it is to be realized and cultivated
requires research and the level and scale of the research has to be different from that with which we are familiar.
Also the capabilities of CA! systems are unique so one needs a system to study their implications. Consequently,
the investment into educational research has to be reassessed. Many feet that the educational industry seems to
have experienced too little too late in the sixties, | am not convinced of that at all, and feel that neither should
you since the things we have heard about today and on the pravious days are the fruits of those investments. In
this tight the problem with diffusion and perception seem to me to be more with the expectations than with the
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results. The frustzation with lack of progress and discouragement in the lack of support which many claim to fee!,
seems to be the result more of what was expected than the realities of what was deliverad, *f we consider what

cc uld have heen delivered with the fimited knowledge base, the newness of every one of t.  techiologies and the
scarcity of top quality personnel the result has been very qood indecd., In my opmion, the reports we have heard
are most encouraqing and speak very well of the fraits of 2 meager mvestment relative to the size of the problem
andd the shott time gvaitable to cultivate cducatonal technology when it is just coming of age.

: The decades of the fifties and the sixiies have produced educational technologies that not only deliver at
competitive levels with the traditional modes in many aeas of hugher education, and especially in professional
education, they alse provide larger numbers, if not new qroups, with quality instruction. New segments of the
adult population are heing reached Dy television in this country and abroad. These studeats are presenting new and
equally interesting problems to mstitutions, The estabiished institutions are being chailenged by this student group
much as the returning veterans challenged the colleges and universities in the fifties. in retraspect many of the
academics who complained at the time that the veterans were in cotleges are now looking with nostalgia at the

“time when the student veteran was Carmpus as an eager and deddicated studtent. The reports by professors Zigevell
and { ewis lidve suygested that this may happen again with another population of students. From the research
pont of view the returning adult, who after several years decides to get an education or to complete a degree
program represents a segment of the student population about which we have very tittle data. We therefore hat -
to proceed cautiously in extending the knowledge we now have which is so heavily based upon the typicat college
{reshman ar sophomaore. This new group represents an important rescarch area for an NIE proi;ram.

The basic prohiems of teaching and leaming have to be considered whenever an educational institution
relates to students. The nature of the student population can be an important factor in determining the results
abtained from particular approathes and conditions of fearning. The different technologies provide the educational
researcher with different capabilities in dealing with basic issues about learning and instruction not only do they
contribute in a scientific manner to this end, but afso they permit research i vivo, Scientifically they provide a
way of stabilizing the conditions of tearning to make them more replicable, and they permit the manipulation of
variables, Furthermore, they aid in the collection of data in “real time’” — whife the student is tearning — rather
than restricting research 1o the collection of data after the fact.

Unfortunately we do not have much of the data needed to make valid decisions about the nature of the
optimum conditions for a learning environment to be used with different students. We do not have many of the
methods and tools for identifying critical student characteristics to study s number of research questions relating
1o personalization. We know much less than we would like about how to get different kinds of students to {earn
etficiently and how 1o get them to like learning, To a great extent the lack of available tools is at the bottom of
these probiems. With conventional approachues to instruction, the coilection of data represents a substantial
additional undertaking with its cost add-ons, Whale it is stitl a significant undertaking when instructional technolo-
gy Is available, 1t is nevertheless true that with CAI at least the additional cost of producing research data is not
proportionally as great nor the task as difficult. The reason is that the basic investment in the development of
materials and systems automatically produces the data needed as a byproduct if the CAJ system is properiy put
together in the first place, The additional input that is most required no matter what context is involved is in the
research design and the implications it has for the numbers of students required. Computer technology does not
help here. This discussion is intended to underscore the point previously made that the educational technologies
are not just instruments for delivery and development, they also are tools useful in the production of new knowl-
edge shout teaching und learning. They are in vivo research tools.

An important question, not addressed directly by the papers presented today, but one to which we all
should be sensitive is how we make each technology more of a hand-maiden, a bétter tool and eventually a well
honed instrument for research on the instructional process. In dealing with this set of problems we are not just
dealing with formative evaluation which was so nicely developed by Professor Yelon but also with summative
evaluation and the approaches to it provide by quasi-experimental designs as well as more rigorous experimental
designs.
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{deally the technology when used for research as well as for delivery of instruction shouid not intrude on
the process of instruction itself, but rather scrve as an aid in the solution of instructional probtems. An impartant
difference in our present viewpoint from that which we tietd in the past when teachers were the. only available:
source of instruction is that the system of delivery should be a catalyst, facilitating the learning process without
entering into the process itsetf. in this sympns'um we have not taike:i about obtrusive and unubtrusive tcchnnlogv
L think 1t is correct to sdy, however, that 4t of us are interested in seeing that the new tstructional technolagy e
as unobtrusive ds possitsle. One way to do this is by making the content and the progess of information and per-
ceptual experience more apparent than the defivery system itself. The delivery systeia techmtagv whether it s
TV, AV, AT or computer mediated interactions, should blend into the backgrov.d of the learning environment,

.t should not compete for the student’s attention with whas it is that the studant should be tearning. Neither
should its demand for tearming riow skills be excessie.

 There are many different ways to look at the percentions of educationa, technology as it relates to an
educational institution. The purpose in doing this is to develop a perspestive that permits us 1o make a decision
about the alternatives in 2 consisiznt frame of reference. The papers presented today indicate that there is a con-
siderable range of vaviation in the capital investment required, the types of resources needed and in the expertise
necessary, Video tape technology and the mailing of cassetts repsesents a lower level of investment in facuities
than dowes the use of broadcast television with efectronic delivery. Prufessar Baldwin has kindly shared with us some
cost data of & video cassetts and Briart Lewis, Professor Zigarel information about television. In spite of signdticant
ditfetences, it was quite clear that each technotogy can become an effective apd impressive approach either withun
an existing institution, or in a separately developed institution. The costs invalved differ not oty with the mode
of delvery and the capital investment but also with the kinds of personnel reguired.

While each technotogy can become standard practice in an institution, the question of eflective transfer to
new institutions remains an unsolved problem. Not dealt with here is the question of how an institution that
wants to emulate an established pattern actuatly gets started, The documentation provided could be helpful in the
early stages, The successful institutional eftorts about which we heard are not themselves equipped to assist others
to get started in any substantial way if they want to establich a comuarable capabifity. This problem should be
faced by funding agencies.

The widespread use of educational technologies in other institutions faises several questios:s which in the
context of this symposium on productivity in higher t.ducation are significant, First, it is im ortant to point out
that the cost of each of these examples does not necessarily have to be justified on the basis of transfer to other
institutions, The cost of developing each of these centers probably can be justified on the basis ot its use in the
institution in which 1t has grown and developed. It js interesting, as Professor ¥ellon has pointed out, that the
number of students related to by television technology represents a growth curve that can not be matched by a
univessity with walls,

This point raises anothier interestmg question regarding the cost anaiys»s that can be made of educaticnal
systems. It is the question of the cost of adding additional students. Audio tapes, television and CAl all can add
large numbers of additiona! students without incurring a major step- -function in their cost curves, whereas a
university with wails does incur a step-function with relatively amall amounts of growth, While the average cost per
student may not differ when alternative approaches are compared over 3 particular range in the size of the student
population they serve, it is still possible that the alternatives could differ significantly in the periodicity and
magnitude of the additional capital investment to accommodate growth in student population.

Another aspect of the cost problem is the inequity in the burden of proof. The new approach is n a defen:
sive posture. Each of the presentations we heard today has had 1o be more cost conscious and more defensive
about its costs than the conventional institutional arrangement which it replaces or happens to be compared to.

It frequenily, though inappropriately, is assumed that what is now being done is cost effective and the best that
can be done with existing resources. Any discussion of afternatives o the established practice often elicits a defen-
sive posture rather than a willingness to study and explore the alternatives in their terms and in refation to
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questions of productvity or relative benefits, This defensive posture often is manifest as an offensive posture and
the attack is frequently focused on the very questions which are hardest to answer by the conventional system
tself, namely, how effective is it. Often this argument is made on the basis of in.ormation refating to the input and
not on the basis of the output (effects an students). Certainly the input analysis as described by Brian Lewis leaves
‘hittie doubt about the care and detail of the infarmation analysis engaged in when materials are developed for use
in the British Open University. Few conventionat systems, if any, can provide the equivalent information and
documentation regerding the input 10 its courses. When we can not measure the output or when we can only
measure some small aspect of it, we rely on the care and the type of procedure used to pfoduee learning effects.
If a conventional system hires teachers with the right credentmls and uses the right textbooks. it is assumed that it
is daing a good job whether or not there is any objective data on the performance of its students. When different
procedures are used and when video tapes or computers are employed to deliver the instruction, for example,
then output measures are required, but they still may be held suspect by the established institutions. {f some of the
‘measures of student effects ate new, then there is a long process of credentiating of the instruments and proce-
dures that has to be engaged in. They have to be validated, their retiability has to be established and the academic
peer gro-~ has to be convinced that the instruments are, in fact, producing useful and meaningful information.
Tirete is an additional problem, however. 1t is that the comparison with the conventional system is difficult, or
impossible to make for any one, or more, of a large number of reasons. This puts things into fimbo with respact to
adoption and use of the new approach and the staying power is on the side of the conventional system since it is
already funded and has its sources of funds rather well established and the mechanisms for obtaining them well
developed. : e
Still another manifestation of the inequity in the burden of proof comes when the data are available from a
‘summative evaluation in which two or more, instructional systems are comparad. We experienced some discussions
during the symposium regarding the studies producing “no statistically significant differents.” Many, if not most,
studies comparing conventions! «inl a new alternative have produced results indicating no significant difference in.
the performance of the students. This finding should be viewed in perspective, but it usuatly is not. These studies
compare a new technotogy which is relatively young and not well developsd with an established alternative that
has reacfied its platbau of growth. Proper pe spective can be achieved when we view the new technology in rela-
tion to its growth cycle to determine where it is at the time the comparison was made. Since the technological
approach is typically at an early point in its developmental cycle and the conventional approach is typically at
maturity, the comparison is like that of a child to an adult in getting a task done where maturity plays an
important part. When vsewed in this way the “no scgz'sﬁcam difference” result is, in fact, encouraging, not a

o (ksappomtmem

Conséder the two kinds of error we can make in making inferences based upon data refating to variables pre-
stsiity affecting the instructional environment. One kind'is to reject hypotheses that are useful; the other ista
accept hybotheses that aie w0t useful. The selection of the minimum confidence level and the statistical test used
affect the relative likelihood of these two kinds of error. It would seem appropriate to develop guidelines for this.
research problem. At this point in time and given the nature of the information base and the status of instructional
theory, it would seem that the better strategy to use would be to use practices that may result in our accepting
more false hypotheses than we reject useful ones. One reason is that when research is done /1 vivo the cost is
not as great as it is when research is conducted separately. Therefore the cost of further testing would not be as
great. Most of the cost of research on instruction conducted in vivo would be appropriately assigned to the cost of
instruction itself since students would, in fact, be taught anyway. The argument is bolstered further by the fact
that in conventional instruction there is a wide range of variation from instructor to instructor anyway and even
from time to tirne for a single instructor. Therefore the testing of hypotheses that aie well conceived and carefully
introduced would be likely to generate no more variation in the conditions of education than now occurs. Further-
more, the hypotheses tested would be qereiated to improve the level of effectiveness of the learning environment
so the spirit with which the variations would be prodiuced would have the same kinds of expectsticns as any
teacher who was {rying to improve a learning environment based upon his, or her, intuition,
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The data processing models used in collecting and evaluating data to make decisions about alternatives in

the dedesign of learning environments can make an impartant difference in the growth and Jdevelopment of a
field. Most of the research conducted thus far has relied on descriptive and inferential statistical models in which
comparisons of central tendencies or variables are involved. The problems requireing decision however involve
mare infermation. Important are the data on utilities and costs. it would seem appropriate, thevefare, to develop
a project that fostered the use of decision-theoretic models and the development of methodg and instruments to
produce data relaling to utilities and costs. This should be a high priority effort within NIE. 1t could benefit from
the applications of these models in other sectors of public interest such as the environmental area where subjective

- utilities are being used. Consistent with this orientation is the use of newly developed testing models to determine
the student’s confidence in his own information relative to u set of prablems he is given to solve. This is sometimes
calied confidence testing, As a set of conditions this appfoach to evaluation increases the reliability of a test
rather substantially. ft atso has the advantage of providing more mmrmdtmrt_ for both formative evaluation aswd
student evaluation. Professor Lumsden’s recommendation that education be restructured so as to provide students
with pedagogical options would if implemented produce data on student preferences for optional routes o an
educational goal. This is consistent with what is being proposed here. | would go furthes and suggest that the
system be designed to allow for the collection of data on the preferences of others as well. We need to know what
the teachers prefer to work with, what the parent and taxpayer prefers, and what the administrators and managers
prefar. 1t ss conceivable that these might differ. If so then there is a problem to be faced in attempting to optimize
the situation for the set of individuals involved in making the system work. it would not be usefu! to set our

" sights on the maximization of the student’s preferences if it resuited in @ minimization of alf the other preferences
involved.

The fact that there has not been a more extensive use of decision theoretic models is not an oversight or
accident. In part it is historically determined since these are refatively recent developments, but possibly more
~important is the fact that *he instruments and procedures have not been developed to produce the Kinds of data
needed to use these models. A difficult prablem is the design of situations so that preferences can be measured,
Anather is the collection of subjective utilities; a third is cost in financial terms. None of the accounting systems has
been developed to the level that permits these mosdels to be used with mdximum effectiveness, However, this '
should not be used as an excuse to ignore their potential contribution. On the contrary the models, if we are con-
vinced of their uitimate value, should be used 1o determine the nature and priority of a methodological research
and devesopment effort to provide the teachniques and tools. |

A further complication worth noting is the fact that costs and utilities vary over time. It is necessary there-
fore to plan the development of procedures that are cumulative and historical. We need to develop cost curves and
, utility curves and refate these to other conditions and variables. Decisions made at any point in time take a while
> to become effective. We need 1o know what the conditions are likely to be wher they become an actuality. The -
actual costs and today’s estimates of utility may not be an accurate index of what they will be when a new technolo-
gy is introduced in the future. To use decision models with cost data it is important to develop the data base for
use in forecasting. Comparisons of labor intensive approaches with technological alternatives requires attention to
the curves. The cost of labor is going up and the cost of hardware is going down. But the costs are not just the direct
costs or current expenditures, They also, in the case of labor, include continuing costs associated with benefits,
especially pensions. The recently publicized budget of the city of New York, for example, produced considerable
comment relating to the item on retirement pay. {t is quite clear that we need to consider the use of personnel
resources in terms of the percentage of the total costs and in relation to their need to achieve educational goals. We
must define need in a differeni manner than in the past since there are obvious technical solutions to the delivery
and development problems which did not exist before. We have to include in the definition of need the preferences
and subjective utdities of the students and the other parties in the educational system. The siuuent population to
be considered in planning and operating an educational system is becoming quite different and the trends in the
nature of the student population are atready clearly different from the recent past when the student population in
-~ . - . _higher education came predominantly from the graduating high-school student group. As technology of the kind we
bave heard about today mcreases in its development and availability the kinds of students and the numbers of
studenis to be related to will change dramatically. This also means that either now institutions are to be formed! (o
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accommodate the different educational needs or the present ones will bave to modify their programs and proce-
dures 1o accommodate a wider range of students and student needs, Probably both will happen if we judge on the
Busis of what we have huard here 5t the symposium,

It is paradoxical that we seem T be at a new frontier in education just at a time when the financial resources
dre proportionalty drying up. This means that we are faced with an economic condition that is going to force
change but that we will have to proceed with care and a great deal of planning to conserve the scarce resources
available to try and to explore iternative solutions. it would seem that the technology can ielate to this mix of
conditions in 4 usefuf way. it can, for example, permit the modeling and simutation of alternatives. As a method
of planning this may provide the needed guidance as well as cost benefits, '
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EDUCATIONAL TECHNOLOGIES: RECOMMENDATIONS FOR
' RESEARCH AND DEVELOPMENT

Lawrence M. Stolurow
, and
Shelley A. Harrison

The Sympesium Format

This symposium was planncd to explore, in some depth, the potential and implications of using new and
advanced communications technology-based systems for improving the organizational effectiveness and opera-
tional etficiency of higher educational institutions. To accomplish this, speakers were invited and their papers
commissioned. Each one was asked to present information about the technologicat area with which thev were
most familiar and in which they were currently active,

" The seminar, consisting of an evening session on Sunday and three full days and two evenings, examined a
range of alternatives for increasing the productivity of higher educationat institutions with respect to instructionat
technology. It seems to the planners that the heart of the problem and the most critical function of institutions
of higher education is instruction. For this reason that process was the primary focus of attention.

The invited experts were free to either present their prepared paper or to depend upon the group to have
read the paper in which case they could spend the scheduled time to elaborate or further dewalop and editorialize.
Discussants were identified 1o comment upon the papers and to provide a critique as well as to develop implica-
tions and useful elaborations. In some cases problems were identified und difficulties pointed out. In addition,
the assembled group were given apportunities to discuss and develop points relating to the presentations.

In planning the symposium a matrix representation was developed and used, We rejected rather early a
set of rubrics that refated to media and to types of systems. Our rationale was simply that the real problems were
those that could be referred to as the design and development of leamning environments for students in highes
education. Media and systems were to be considered as tools and not as the defining condition. The three-by-four
matrix gave structure, focus and operational guidance both to the symposium itself and to this report. We found
that the participants when invited and introduced to the conception responded positively. There was no argu-
ment nr negative feeling expressed so we are led to believe that while unconventional, the structure did not
inhibit or distort the analyses we sought and the constructive develognents we were after.

\

Following the keynote paper on Sunday night, a three-day opportunity to meet was cast into an
operatnona! plan that was represented by assigning each day to a type of leaming environment. On each of the
three days, the plan was to look at four characteristics of every exemplary model presented that day. On each
day, for each model, we considered four topics: media; methods; management and measurement. Since each day
represented a class of learnmg environments, it was necessary to have a few models Ppresented on a day so as
to represent both the breadth and focus of technologscal applications under the spec'fsed conditions. The

interesting outcome is the fact that on each day, or in other words for each type of iearning environment, the
range of different and successful technologies in use s broad, and certainly no single technology stands out as
the hest one to use, either overall or in any particular leaming environment, nor does it seem that any technology
is automatically excluded from use in any of the learning environments. Since all of the techiclogies are possible
within each type of learning environment, it seems that decisions regarding which one to use must be based on
other considerations.
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The set of three days was conceived not only as a continuum or evmutioriaw progression, but also as one

- . that was multi-dimensional in nature. Two intuitively obvious parameters were used to characterize each day

and to convey this developmental sequence of days dealing with environments beginning with, but departing
from, cunvention as the symposium moved from the first to the third days. The first day was devoted to

a consideration of what might be calted Conventional Instruction—‘‘ground zero" in the sequence.

During this day the participants were busy lookng into the use of technologies in support of mnventional
fearning environments; we identified these as “grouped and hounded.” The second day deait with ™ individuatiZzed
anct bounded” tearning environments, The third day dealt with “personatized and unbounded" tearning environ-
ments. it became quite clear that technology can be a useful tool no matter which type of environment is avail-
abte for tearning, The lower bound is simply that soirte technology can be used in alf learning environments, The
upper bound problem, however, is more difficuit to specify: namely, what is the maximum use possible in each
tvpe of learning environment. At this time we do not have data to suggest what the upper bound would be for
each type of technology in each kind of learning environment. Related is the aptimization problem, what is the
best mix of existing techriofogy to achieve a cost-effective solution to the learning and satisfaction produced.

Productivity, Problems and a Proposal . y

The keynote paper presented Sunday night was commissioned from Praofessor Keith Lumsden, an
economist from Stanfora University. Mis paper was titted “Fechnological nnovation in a Hostile Environment:
Prablems of Increasing Productivity in Higher Education.”” Lumsden argues, from the perspective of an economist,
that a number of controlling conditions have had a subtte, but pervasive, effect on the operation of academia,
Professor Lumsden identifies the main ones and related them to the problem of producing changes in the
practices that could be accomplished at least in part, with technology or technological aid which is available
and could alter productivity in the academy. He also argues that the incentive system, wnhm the umiversity
for both students and faculty, requires a “massive research effort” if significant increases in educational
productivity, regardless of how they are measured, are to be reatized through the use of technological innovations.
His paper is divided into four parts. The first discusses possible functions of the university and problems en-
countered whenever differences in perceived function cause conflict. The second discusses major obstacles to
change. The third indicates the inadequacies of much of the previously conducted research on the economics of
fiigher education. Finally, he pmposed aresearch effort to examine pedagogies while contént was kept canstant,
Each pedagogy would provids an alternative set of fearning cohditions while maintaining a set of educational
objectives. The study should be designed with the purpose of determining the relative costs and effectiveness of
the alternative pedogogies. As a general form of research to produce data in many areas this is seen as a national
prionity ; it is to provide data not ngw available regarding student preferences.

Professor Lumsden’s paper discusses obstacles to change and includes several intriguing notions about over-
coming them. One that makes sound economic sense and an interesting psychological condition with respect to
the student and his opportunities to use learning resources is, in effect like providing the student with a book of
tickets such as one gets to sce Disneyland. The total can be spent anyway one likes. Within a uniform tuition
system this would be possible based upon the known costs of a four year bachelor’s experience. Students would
have to pay for their instruction in terms of the cost of the resources they want to use (the alternative pedagogies)
to achieve a level of competence, self satisfaction, or both, in pursuit of their academic goals. Students who chose
to learn something by means of an audio or video cassette which might cost less than a human tutor or even a
seminar, could spend less by making this choice and could then use the savings in other ways. :

in order to make this type of experiment possible a number of conditions have to be met. The options
would have to be available. This means that e instructional materials have to exist and be in alternative forms for
deliverv or capable of being encoded inn sume alternative forms. ideally, the alternative pedagogies should have
some established validity —possibly data showing that there exists a student for whom each alternative has been
found to produce the competencies invovied. Some may argue that this minimal condition is not sufficient, but
that is another matter. The administration of the institution involved has to make the decision to allocate the
resources needed to make a set of options available. Data should exist for the student to permit him {or her) to
process it tn dccide on one of the alternatives. in order to do this research has to he done to produce the data and
the student has to have had prior educationdl vpportunities of a sinular sort by means of which he {or she) would
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be prepared to make the type of decision required. A set of previous research prajects has to be completed which
relate to the points mentioned and which included representative samples so the range of human variation which
is tikely to be invalved will have been studied.

Fundamental to Lumssh n's proposdl s the dssump{mn that the student (a consumer} witl get what he (she)
pays for, and that the more ome pays, the greater the cost to the institution 1o devetop, ot provide what you get.
This means careful economic analyses are needed so the pricing of alternatives is realistic.

in order to get the data that do not exist and to get the ultimate project funded, Lumsden argues that the
rese¢arch should be supported by the Federal Government. His position is that the research is a public good and no
group could benefit from doing the studies in an unselfish way. Data are needed on costs, probabitity of successful
completion of the abjectives for different types of students. Lumsdesn assumes the position that different kinds of
students will respond differently, and/or simply prefer one pedagogy to another. While the evidence for this type
of thinking does not exist in the published research to the degree one would like, it seems that there are data
which do suggest the potential validity of the ““interaction hypothesis™ along the fines of the “idiographic mode!”
for CA°, Jor example. The problem is to identify the characteristics of students that shouid be known sa the data -
can be employed in making differential decisions both initially with respect to the teaching program used, and
during the course of learning as has been modeled for adaptive CAL

One question raised by Lumsdem’s paper was the strategy and eriteria to be used i1s making the decision to
conduct the study along the general lines suggested. Lumsden suggests that we wait until reliable data exist on
both cost and effectiveness. The course ¢f history does not argue that this has to be the basis for taking the next
step. The best next step can be taken and if reasonably successfut it can attract the necessary funding. This
was what happened in aviation ance the first heavier-than-air craft flew. Once the possibility was actualty demon-
strated, then interest in the problem developed and the scientific basis for further development takes place.
Involved would be the development of the instruments and methods for determining costs and benefits. One
could argue that tiv requirement for the existence of reliable cost benefit data as a precondition to the large
scale research is a strategy that turns out to be overly consetvative. The reason is that it could throttle down
efforts to get the job doie in the name of rationality, while producing a negative social bienefit.

The whola question of research and especially educational research wus raised by Lumsden’s paper. Most of
the participants clearly have been persuaded of its value, but they were not persuaded that educational research
is sufficiently accepted by the academic community as a whole. Research on instruction does ot seem to add the
legitimacy to the result that is comparable to the value added by research in the social sciences, fet alone the
physical, the natural sciences, or medicine. Here is another problem lurking in the background that impinges upon
the accomplishment of the effort suggested by Lumsden. It seems that it is necessary to get basic educativiig!
research itself honored and appreciated. Even scisntists who in their mun sulsiantive area / “hysics} are con-
vinced of the value of research shift standards when they oonscder the procedures for solvn,,  oblems relating to
the teaching of their own science. This is a serious p:oblem There is a real “credibility gap” for the facuity. The
students, on the other hand, seem quite willing to accept and use educational research data when it is provided
them. But another question complicates the situation. This is the question of priority with respect to our needs
at this ume, Lumsden seems to assume that we have the materials for the major experimental effort he proposed.
Many others feel that we do not, they assert that we should be doing research on production and not on testing
alternatives. To what extent the belief that there is an insutficient amount of material available is related to the
pont previously made about the credability of the data that exists concerning materials is not known. These
perceptions and beliefs are obviously related, however.

in order to obtain critical data such as student preferences and the cost of the alternatives for achieving a
particular objective, a sizable research effort is clearly needed. Just how large a project should be mounted to
answer the questions raised by Professor Lumsden remains to be determined. That question and the nature of
the research design to be used i the study should be the purpose of a research effort that s the initial phase
of a longer-range program in educational technology.
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Let us indicate some of the more obvious aspects of such a study. it would have to be planned on a
national scate to include the variety of educational efements representative of the different pedagogies, learning
environments, physical facilities, faculties and different student populations. The research design, collection and
analysis of data and the coardination 1e4Lires 3 centratized effort so the program would best be managed by
one qroup, but, of necessity, it would involve many catieges ang universities,

Also required is a project designed to develop a list of the critical parameters for use in a national survey of
educationat programs and institutions. To begin with, a preliminary list would have to be derived from an analy-
ytical study of available research and from theory. The pracess by means of which the instrument used in making
the susvey if developed, must, of necessity, be iterative so it provides the required information by successive
approximations, This means the study will extend over a period of years. [t also has 1o be a rather comprehensive
study since information is needed about the cnaracteristics of the stadents as well as their achievement levels fol-
towing different learning experiences under different conditions.

) . L]

Untike previous large-scale studies, the desitgs would he generated at least in part, hy the hypothesis that
there are statistical intevaction effects rattier than that theve is a linear correlation among the variables. Assumptions
about the structure of the data hose to be assembled are cyitical determiners of the design used in collecting the
data to be anatyzed. 1t is assumed that there are statistical interactions between variables representing student
charucteristics, o the one hand, and variables representing the leaming environment, an the other hand, then the .
mstrum".ents used as well as the sampling, and the collection of the data should take these hypotheses into sccount.

Evidence of statistical interaction effects hutween variables representing students, on the one hand, and
mstructionasl programs, conditions and learning environments, on the othrer hand, are needed for differential
diagnosis and selective prescription of instructional experiences. Since the number of variables to be considered
1s potentally very large and the amount of existent information relatively small, careful planning of research is
mdicated. Large samples of students are required. Setected sociological, anthropoligical and psychological data,
for example, would have to be collected for each student. Each variable representing a student characteristic woufd
be related 10 one, or more dependent variables revealing to various kinds of student performance, to rate of
learning, to achievement level and to various measures in the affective domain. In order to answer the cost-benefit
questions, it would also be necessary to include data relating to the costs incurred in achieving learning effects and
the differant uffective reactions.

To obtam all of the kinds of data required, it is clesr that some new instruments and procedures would have
to twr developed. For example, colleges and universities do not routinely collect data relating to such student char -
acteristics as thew personalily characteristics and tevel of anxiety. Standardized tests of student achievement are
not usually qiven both at the beginning and end of each course or every academic year, yet this is necessary for the
measurement of iearning gains. Colleges and universities often do not give final examinations but even these are
given more often than are pre-tests. Information about what students already know is critical for the assesstnent
of what they have learned, and for making instructional decisions about what to teach individual students.

The targe unanswered question about the efficiency of academic programs is how much time is spent by the
faculty teaching things students already know?” The only way to answer this question is to coliect information
betare the students are presented with a new learning experience. The mechanics of doing this can vary. For exam-
ple, the data for the next course can be coliected at the end of the last learning experience at the same time as the
final, or post-test, is given. The one testing experience can be both a pre-test and a prstr-test, However, such
practices have not yet become a regular part of college ur university plan. As a result, it is unlikely that the
critical data needed to make the survey of existing data for use in planning more definitive studies of altemative
pedagoqies wil! be avartable. Therefore, while the need for a survey exists at this time, it should be planned with
thes krivwiedge 1in mund so as to maximize its payoff. To do this its planning should include the collection of

data trom the administration and the faculty to determine their willingness to change their practices so as to
collect the required data. It atso should inctude questions dealing with the ability of the institution to meet these
requitements. This part of the study should reveal possible deterrents to the collection of such data so they can be
degit with s uny subeequent planning.

245



Cost tata do not exsst in colteges and universities in the detaited form required for cost-benefit analysis of
istruction. Most cofleges and universities do not budget or analyze the cost of individual courses of instruction ar
even programs of instruction. The cost unit is usually the department, and a department may deliver instruction to
4 variety of different programs, therefore, its costs have to be analyzed in detail. With the present accounting systems
i colleges and umiversitivs 1t would be Jifficult, if possibie at alf, tu specify the costs of even the more obvious
stemis such as the physicat plant improvements and new construction., These facilities frequently are shared in their
tse by a numbiy of different programs. The amortization of their costs and the distribution their costs are problems
that must be dealt with in a comprehensive ecunomic research project aimed at the problems of cost-benefit analy-
sis within higher education. Space, supplies, materials amf personned costs, all have 1o be identified at the level of
the workang unit for which a cost-benefit analysis is heing made. Al of the contributing components have 1o be
mcluded m the analysis no matter what yroup provides the service or the facility. The complexity of the problem
aned 485 refative navelty indicate that there is 4 significant research and development requirement to praduce the
models and methods needed to permit institutions of higher education to particpate in a realistic way in a cost-
benetit analysis of their educational effarts.,

Thereconomic models and the accounting and budgeting procedures required for a cost-benefits analysis also
have to be develuped. tn fact, this is 3 necessary first step, but one that could run concurrently with the research
and slevelopment work involved in generating the student perfarmance data required to determine the benefits
{=.4., learning gains, satisfaction) from particular programs. Only if similar sccounting procedures are used by
ditferent wistitutions can ¢ multi-institutional research study deal with the question of cost-effectiveness in any
meaningful and satisfying way. ,

1t 15 clear that we can expect differences in the basic costs.refating to education simply because of differences
relating to the part of the country in which schooling is provided. Salary and materials costs vary over the country
and taxes atso show great vaniations, Tuition varies for the private and public institutions and the newer ones are
amortizing building and other facilities acquired at much greater cost than the older and more established
mstitutions. .

From this brief analysis of some of the many problems that confront a cost-benefit analysis, it seems that a
definitive answer is not likely to be forthcoming in the very near future. The point that needs to be made at this
time, it seems, is that the education industry is being placed on the alert; it has to become cost conscious and
develop methods and procedures for good cost accounting. The cost-benefits analysis is a one edged sword; it onty
cuts out and down. It ss especially sharp in relation to educational technology. and yet labor intensity is so
characteristic of education that it is hard 1o believe that technology can not, over the long haul, produge savings.
We need 10 ask why education is the fast stronghold of the cottage industry. We also need to ask whether we can
continue to afford it as a cottage mWustry.

i we proceed to examine this very important set of problems in a serious and methodical way, in the manner
it clearly deserves, there are a number ot positive th.ags that can be done. Data of the kind suggested in this
seminar could be collected both from the input and the output side. Models could be developed. Simulations pre-
mdred and run. Empirical studies could be conducted to test the simulations and to validate their predictions. The
mformation from the empirical studies could then be used 10 improve the models. The models could provide the
basis for redesigning operating systems,

At this point we see a criticab-need for a set of organized research and development activities which could be
deaived from the papers presented and the growing literature in the field. its form wouid embrace the study
described by Lumsden with the additional implications included along the lines just described here and later on.
Each projeet, however, would have 1o be developed and related to the whole set so as to provide a program of
research all of which should be conducted within a systems framework. Not only its management, but also its
continued review and systematic modification should be centratized to achieve maximum efficiency, This program
of research and developmaent could be the defining activity of NIE in the next several years, The collection of data
on a national basis to provide a data base for the wide range of educational decisions to be made is an important
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national need. In fact it is a critical need at this time. Educational technology, as said before, is making this need
apperent and. in addition it is casting the problem into an operational form that makes the approaches to its
solution clearer. Technotogy, especially computer, techiology, could be an important too! to get the job done.
NIE coutdd consider a divisiun within its administrative aegis that opesates like the Bureau of Labor Statistics, for
example. By starting with that model in mind, but at a lower level of support, this division of NIE could provide
higher education with many very badly needed setvices.

?rofessor Lumsden’s paper and some of the imptlications drawn from it might raise the spector of standardiza-
tion, control and restriction of educational practices in the minds of many educators. it seems to use that this is
clearly untounded, and appears to be a set of fears which reflect fack of knowledge and faith in the knowledge of
individuat differences among people and institutions, not to mention ethnic and sub-cuftural groups. The psycho-
logical variations amona students are certainly as complex as the variations in physical size, preferences for food,
clothing, housing and all the other physical artifacts of our society. Why then should it not be the case that
variety will also prevait in education. tn fact, it would seem reasonable to assume that the variety might even be
greater in its range of variation than it is for any of the physical chatacteristics.

When we consider the question of gptimization, we are thinking not only of the most efficient tearning en-
vironment for an individual, given his, or her, peculiarities, but also his, or her, preferences which includes
attitudinal data refating to the preferences the student might have for a particular type of experience. Also, if we
accept Lumsden's recommendation then different individuals will probab!y pay mare for certain experiences and
less for other educational experiences just as they do for the different entertainment, food or other consumer
goods, options. Even in what appear to be more highly controlled economiic units such as manufacturing of
competitive consumer products, a wide v. riety of comipanies {organizational systems) and production plans co-
exist in a free economy. There is little to suggest that the educational industry will move to a consistent
pattern or anything approaching uniformity as more and better information becomes available to guide decision
making and as the technology improves. The problem will more fikely be one of getting the industry to use the
available data at ail let alone in imeresting_ Wavys.

We may have to move in education the way the country did in agricuiture. We may have to establish, at
various campuses, or centers, the counterpart of the agricultural experimental station. These units might be called
Educationai Experimental Stations. They would have professional expertise in technology and the information
that could be applied in efforts to improve the different institutions and help t em make use of available informa- ,
tion to solve the problems indigenous o their instiuctional and educational obiectives, thoir student body, faculty,
alumni and local conditions,

Through a national network of Educationsl Experimental Stations the use of technology might become more
witlespread and the available information more efficiently utilized. Models for such activities are needed. There is
every reason to assume that if interesting and viable models were developed they would serve more than just the
institutions of higher education. However, by starting with these institutions the investment in their development
would be less and the payoff greater. The diffusion of their effects throughout the country could be facilitated by
university and professional societies. Furthermare, the limited personnel available for such an undertaking, at this
time, could be concentrated, if there is a smaller number of centers. This would permit the assembly of a “critical
mass” of personnel sufficient to get the job done.

No institutions of higher education are currently training the types of personnel needed to provide the
varieties of expertise needed for the staff of an Educational Experimental Station. Some institutions are beginning
to.train some of the specialties that would b needed in a team effort. There is a curricular problem. The field
neads a comprehensive program, especially the graudate training of professional educational technologists. It not
only needs specialists, but also generalists with the mixture of knowledge and skills required to deal with many of
the complex problems n education which are not now being faced by properly trained personnel, nor are questions
being dealt with by research and development in a scientific manner. They are being treated as philosophical and
Mtintive (ssues.
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RECOMMENDATIONS

Professor Lumsden’s grgument that public funding is essential is sound and convincing. For this reason we
recommend that NIE develop a program in educational technology with the following areas:

. Recommencdiation 1: Study yiants be provided to develop one, or more, plans, with cost estimates asad time
projections so as to make explicit the dimensions of the “massive”™ research effort proposed by Professor Lumsden.

The study grants would have to deal with a set of related questions. One is the question of feasibility. This
would entail a survey of the available materials that could meet the requirement of having alternative pedagogies
available from which students could select the one they preferred. The number of different altesnatives that is
made available to 2 group of students to produce preference data also is important. One reason is that students -
have to learn how to make the decisions required by this condition and to do this they need to have the opportunity
1o {earn what the alternatives mean to them. The cost and effectiveness of the alternative pedagogies with different
kindls of students also has to be determined. Sampling is an important consideration since students from a variety
of backgrounds and studying in a variety of institutions each of which provided them with a set of options would
be needed. To collect the required data on student preferences for pedagogies as suggested necessitates a “free*”
economy, one in which the alternatives can compete with each other for students in a particular coflege or university
setting. The research design should not onfy atlow students to learn with pedagogies of their choice but also should
assign some students to nonpreferred pedagogies. This would make it possible to determine what effect, if any,
preferential matching has upon the outcomes for cognitive, affective, and skill learning. Some learning models for
example, would predict that not having the use of the preferred pedagogy would produce tess learning because of
reduced motivation,

Recommendation 2: Development projects should be funded to design models for measuring input and output
and to evaluate measuring instruments and procedures for educational systems using each model.

Models as well as appropriate measuring instruments and procedures are needed to provide a rationale for the
development of instruments and to validate them. The measuring instruments and procedures would have to be
developed for both input and output parameters and should cover a variety of indices.

Recommendation 3: Development projects should be funded 1o create and test models of student and faculty
incentive and reward systems based upon both psychological and economic data and theory,

These models and their implications would be based upon available data and theory. They would be designed to
permit an institution of higher education to make available pedagogical alternative in ways that aliow the alternatives
to compete with one another. They also would reveal the critical conditions for empirical study.

Recommendation 4: Research projects should be funded to collect data on student preferences for pedagogical
alternatives and to study statistical interaction effects between {or among) student characteristics and pedagogies.

The research would have to be designed to ook at the yuestion of preferences in many, but selected, institu-
tions. The pedagogies would be related to the dimensions of a research design, and the conditions would have to
provide the needed measures and allow for the analysis. The resuits of the projects established under the first three
recommendations should be related to the planning and conduct of this research.

Grouped and Bounded Learning Environments

A visit to a college or university campus reveals that *he academic rooms almast always are used for a lecture,
fess often for a seminar or a laboratory demonstration or exper iment. It is in this sense that these spaces can he
said to house grouped and bounded {in both length of time and in scheduled time, as well as in topic) learning
environments. They are referred to here as thd *'conventional,” or traditional, ones uses! in higher education because
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they dommate the scene today and are Leing built for use in the edhucational institutions of tomorrow! {n themn
students are “taught™ as a group, and the instruction takes place in a specific number of predetermined slots of
time for all who enroll. The students are uxpectedd to enter the room at one time, to take a course together, and

to e mummatly fespromsive and reactive to what gos on, Bemg “together” seldom means that the students interact
with each other in the classroom to either refearss or learn. The set of cunditions characterizing Grouped and
Bounded Learning Environments can be representud as @ point on a continuum that also contains the other two
tearning envs omiments included iy the symposiuny,

One of the must widety discussed and frequently adopted changes in programs of instruction is the time
allowed. Carrofl’s learning modet equates time with aptitude for the type of leaming involved. Many schools are
shifting to a three-year rather than a tour-year curricatum for a bachelor’s degree. But, this is not a manipulation
of time in the sense that Dr. Carroll uses it as equsvalent to aptitude. in Medicine, where competencies are a
nandry concern, the changes in curriculums consist more in time changes and in shifts in sequence than they do
in pedagogy changes. However, while competency is a more valid benchmark than the time available for leaming
in an academic program, learning environments have tended to be bounded by time. This has the significany effect
of making aptitude the determiner of successfl completion if other factors are equal and if we accept Dr.
Carroll’s theury. If we liken education to the process of aging wines, then simply kreping the student in the
coliegrate buttle for the right tength of time is all that is necessary to produce & finished product, according to
these simplistic mansputations of the time alfowed. The processes in making wine go on in a closed and stable
environment and depend more on the nature of the raw materials put into the environment than upon the charac-
teristics of the environment. With students in a learning environment the situation s different. We do not think that
most acatlemics really heligw in the wine model for students; however, many critics appear to act as if they do.
Many administrators also get trapped as indicated by thewr preditection to adjust programs in terms of time rather
than in terms of what the student is to fearn to do . Time should be a dependent variable, a result derived from an
academic plun, and not an independent variable,

Alternative pedagogies are the means by which a tixed set of objectives relating to knowledge, skitts, and
values are to be achieved by the educational system. Pedagogies that are truly alternatives are designed to develop
the same competencies. While admittedly it is much more difficult to enumerate competencies, than to adjust the
time allowed for study, and even more difficult to get academic and professional yroups to agree pn those competen-
cies which they feel are a minimal set for a person completing a degree, it is nevertheless true that that is the task
which the academic community should be working on. it is probably necessary to work in stages until it has
achieved an acceptable approximation of what the group would atcept since this is not an established and accepted
way of defining ther task.

Toward the end of defining educational objectives, whether it is for conventional instruction or More persoen-
alized environments, there s an evolving educational technology. it is a development of the fifties and sixties.
Relative 10 the age of the university system it is very young, but 1t seems to be growing rapidly. This is a technology
that involves ideas and methodolagy, not just hardware. To some extent its growth has been stimulated by support
from the targer external environment in which we five. This the clamoring for an accountable educational system,
You have to know “hat it 1s you expect 10 produce by the system in order to hold it accountable. If there are no
agreed upon objectives, then anything that 1s produced has to he accepted as 3 useful outcome. Those of us who
have worked with te schers and profussors to develop statements of objegtives for the purpose of defining the tocus
of an educational program know full well how difficult that task is and how much it 1s resisted in its accomplish-
ment by those more ssed to other, older ways allowing them more freedom and the illusior of success no matter
what they do. Somz of this resistance may be due to'the techrigue and the technology itself which is used by the
programs attempting to accomplish a technological solution to thew problems. Undoubtedly thesr techniques can
e improved upon, but in addition, there seems to be an inherent problem in the technology of developing objec:
tives which is difficult for a faculty to do. This fact raises questions. One of them s the question of how to
identify ohjectives. Anothnr 1s how to get agreement on objectives by the faculty nvolved, Any research plan using
alternative pedagoqies depends critically on the use of a single set of objectives for Jil of the alternatives.
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Probably refated to the problem of getting sgreement is the fact that one of the most difficult concepts to
get acrass to faculty is that the list of objectives is a specification of the minimum level that many students will
achieve just as they do now. One result of better established and organized learing produced through the use aof

technology and the time saved for the leamer with high aptitude is the opportunity 1o achieve even mote.

, The reparts we have heard indicate that in spite of the difficuities, it is possible to get agreement on objec-
tives and to develop sets of them that are acceptable 1o groups. The accomplistument of this step often is under-
rated in its contribution to the entire effort. It is a step which when accomplished in a non-trivial way resufts ina
great deal of re-thinking of courses and curricula typically with greatsr sensitivity to the psychologieat, typically
the learning problems of the students, but also to the organizational guestions and the priutities involved in pre-
senting information, concepts and principles to students. It is interesting to relate this step of getting agreement on
objectives to what happens conventionally. In the conventional situation agreement on objectives is achieved ""after
the fact™ rather than “before the fact”. In this older mode of doing business, the book is written and published.
Then agreement, at ieast to an extent, is achieved when other instructors choose it as their text.

It is apparent that significant innovations can and are taking place within the grouped and bounded learning
environments, Where this is the case, the institution, in general, carries on business as usual in most other areas
and it accommodates the changes. Stice and Hereford report this initial phase of their efforts at Austin as did
Hurst fur Purdue and Miller for the many institulions using technological aids, Not all of the techmfogles have
the same potential impact on the institution, nor do they alt serve as catalyst for change or as instruments in their
own right, but most do. It is important to consider the implications of the change agent function of the technolo-
gies. Also this function should be considered in relation to each institution’s long range plans for change, since
some technologies will be mo - acceptable initiatly than others and since each does result in review and deep
analysis of instruction in both its content and process dimensions if it is done correctly and seriously. Once started,
changes do take place in the way the faculty and the institution do business, in the attitude toward teaching and
in the longrange planning of curricula to keep it consistent with changes in areas of study, particularly in the
professions. In this sense technology is not just an episodic change agent, it is one that integrates changes and blends
them into a larger more coherent conception with its own potential for grow and development. Through the
use of many of the technologies themselves the organizing and evolving process itself can be facilitated. Which
technology is used first and what technologiesare used in particular combinations seem to be questions which at
this point in time, are less critical than the simple questions about the process of geiting started and of gaining some
experience i the use of one or more of them, A pluralism of te.hnologies is certainty indicated for larger segments
of instruction such as courses. Options should not be closed put, priority is to be given to change for the improve-
ment of jearning not to a particular technology just because it is inexpensive or simple.

Professor Arthur Lushrman, from Dartimouth University, correctly takes the position that we should not
expect thaf computers will only reduce the manpower requirements for managing instruction (CM1) and for
deﬁ\fering instruction {CAI}. While he acknowledges these goals and their value to the educational industry, he
quickly points out a much more profound effect of the computer on studsnts which education must recognize
and make maximum use of. This unique contribution of computers is the way in which the student’s knowledge of
computing can affect the content and intellectual structure of his whole education and determine in profound ways
the manner and mode with which he reiates to problems. Luehrman’s thesis is ...that compurting is a new and
fundamental resource in the same sense that reading, writing and mathematics are fundamental resources.” With
respect to the way institutions relate to computers Luehrmaen praposcs that the model be the university library .
The library is a “"cost center,” not a “profit-and-loss center.” It is justified on the value of the service it provides.
Using this model. Dartmouth provides computing services to all ~faculty and students alike — and operates its
time-sharing system (DTSS) with Basic as its programming language. Not only does it serve the campus, bus also
thirty other institutions. Of the 300, or more, terminals that can access the system from the campus, about 130
can be processed simultaneously. Both funded and unfunded users are served and the bills of the unfunded accounts
are paid for in the end by transferring general funds of the college into them. The total computer center budget is
about $1.2 million for Dartmouth usage. With 4,000 students, the average cost is about $300. per student per year,
or approximateiy 9% of their annual tuition fee.
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Project COMPUT is an effort 10 develop and distribute course materials dealing with computer use. it s
Jt Dartmouth, funded by NSF and available to faculty membars at any institution. its goal is to publish and
- disseminate approximately 20 textbooks or monographs. Awards are made to individuals’ whose publication telate
L tnew and interesting uses of the computer i education. This project s designed to Hif! e gap or shortage ot
~ goud materials for use in courses where the use of a computer makes sense,

Recommiendation 5: That funds be prévéded to selected university centers meeting a set of critera wath
respect to educational technology and schotarship. Each woutd serve as an Educational Experimental Station.
And among its functions it would support projects fike COMPUT. This would mean both suppiort to the authors
of texts that use computiers, of CAl materials and of CM# programs and assistance in making these matenals and
programs useful to the educattonai industry.

Pm!essor Rabert N, Hurst, Department of Biclogical Sciences at Purdue Univarsity, described a very
succassful use of technology, the Audio-Tutorial system of mstruction {A-T). It 100 is a child of the sixties, a
teenayged technology. B.gyinning with the caveat that you cannot legistate change in Education and get a viable
eftort, Hurst quotes the Camegie Commission's Fourth Revolution on the criteria that should be used to deter-
rmne whether technology should be employed in an instructional program.....” the tearning task to be performed
shoulid be essential to the course of instruction, and...the task should be performed better with the use of techno-
togy."” He reports that Dr. Postlethwait began the A-T system at Purdue out of frustration with the lecture
methods for heterogeneous groups of students, therefore it is important to distinguish between a lecture on tape
and o tutoral on tape. The latter is a concept which itself is a technological development. The tapes are pre-
pared using a plan that heqins with a task analysis and moves from it to objectives. This set of steps is common
to almost all of the technologies. In addition, the tapes require the student to do things, Audio tapes were uscd
because they were available, durable and mexpensive to produce and use reliably. Professor Hurst reports that
A-T 154 "now™ technology. Critical to the design and use of A-T is the procedure by which the tape feads stu-
dents, fagically from one experience to another. They systematically get the student to the desired performance
level us sprecified i statements of objectives. The tape serves 3s the integrating vehicle, The presentation (s con-
vessational and pacing is individualized allowing student to stop, back up, or to replay, as necessary.. Also .
important 1. the fact that A-T frees the hands and eyes to integrate with other experiences. In practice A-T s
not always audio tape, 8 mm fitm is also used. In 1969, the concept of teaming for mastery was introduced,
trarning time is ncwv the dependent variable. Students take the time they require to achieve the specified minimal
tevel of mastery. Minicourses are the basic element of the system. These “little”” courses, each with a beginning
and ending, are designed around a single topic. Upon completion of a mini course the student is given feedback
throngh reports of hus performance on an oral and written aquiz,

Since the students learn for mastery, all redundancy can be eliminated. Experience at Purdue resulted in
the ehimination of 25% of the redundant material that had been in two conventional courses. This illustrates the
sealization of the Carnegie Commission’s “"Less time-more Options.”’

One of the protlers with A-T is managerent, and experience indicates that the approach could be benefsted
substantially by a CMI capabilsty,

Recommentation 6: That a research project be funded to develop a CM1 system and machine mdepernident
program canable of handling A-T miny courses, the tests and feedback 10 students.

Professor David Miller's presentation include a definition of educational technology; namely, that of
Norman MacKinzie -“'the systematic study of the means whereby educational ends are achieved.” The main
thrust of Professor Muier’s paper is 10 present the wide range of low-cost technologies now available for use in
ivigher education. Consistent with Professor Hurst, he proposes three criteria that determine the spread »f usags:
(1) satisfy an educational need as seen by the instructor; {2) readily available and convenient 1o use; {3) relatively
fow in cost to student, instructor and mistitution.
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Professor Miller hds develuped a “large class’ and an “individual study ~odel”’ which can accommodate all
of the low-cost technology. Each model offers a way to increase the student-to-faculty ratin. The first uses an
mcreased class size. The order of priority of three technologies examined for manner of use, cost, convenience and
| availability are: (1) the overhead projector; {2} slides and (3) film. His second model covers the variety of
ndividual uses of te:.hnciugv “the challenge of designin-« ‘uccessful systems that provide individualized opportunities °
for guided self-study depend heavsly on low-ost people and, when appropriate and available, low cost technology.”

Recommendation 7: That the higher education community’s needs would be best met if an information ser-
. vice and evaluation center were funded, it could provide data, both technical specifications and cost and also serve
as a clearing house for experience data provided by center studies and user repurts. Institutions could be kept
current on usage and on materials available as well as techniques to produce materiais for fow-cost devices. {deally
this function would be inctuded in the set provided by the Educational Experimental Station.

- Professor James Bess’ paper *Environmental Supports for New Instructional Technotogies” covered an avea of
study that is badly in need for research. He concerned himself with the measurement of effects of new or experi-
mental instructional technology. Not only is there the obvious need to assess the changes in the learner as broadly
as possible, but also in the environment in which the learer lives and works to acquire knowledge, attitudes and
skills. Bess begins with a discussion of variables that might be used n studies of technology. In colecting data re-
lating 1o the environment it would be desirable to have information before and after the technotogy was intro-
duced. The difference could provide a measure of change, and, if sensitive enough, an index to the nature of the
changes. Changes in faculty are a potentially intefesting, but difficult set of ata to acquire.

Professor Bess deals with Y interpersonal environment of .the campus and examines variables relating to the
impact of teaching-learing technologies on students. He identifies conflicts between the needs of the students and
the aims of the curricutum, e.9., immediate vs. future, subjective and interpersonal knowledge and skills vs,
cbjective vocationally related information, While the two sets are refated they unfortunately are often opposed to
one anather “*..particularly in bounded, conventional systems of higher education, designers of new technalogies
have not adequately comprehended the synergistic nature of institutional and student needs and have concentrated
on the latter.” Bess argues for ' A much more comprehensive conceptualization of the enmmmental conditions
requisite to the satisfaction of both affective and cogmtive fearning....”” While he recogmzes that mastery of
academic knowledge and skilfs can contribute scgmﬁcantty to ones self-perceptions and feelings of worth, he points
out that the established pattern of the institution to concentrate on this is also the primary thrust of the educational
technoloies. To change this it is necessary for faculty to recognize that the out-of-class activity of students has a
direct relationship 10 the in-class learning.

The nature of the relationships among the technology, the environment and student’s growth and develop-
ment should be erplicated. ’Beyond the measurement problems in evaluating the effects of new instructional tech-
nologies on students are a whoie host of other environmental factors particularly those involving the facuity.”

He summarizes by pointing out that *_. learning which affects the whole person requires careful design of the total
environment in which the process takes place. In bounded conventional systems, it is unlikely that new instructional
technologies will result in profound benefits without positive social system reinforcement.” Measurement of the
attitudes in the environment in which new instructional technologies are introduced will reveal the presence, or
absence, of values which support long-asting learning and which encourage attention to student growth and devalop-
ment. In our opinion this argument supports the following:

Recommendation 8: That research be supported to develop measures and experimental procedures for assessing
the impact of different technologists on various institutional elements.

Recommendation 9; That research and development of a fairly extensive nature be funded to work on problems
of social and attitudinal conditions in the environment surrounding technological developments - the ripple effects.

Recommendation i& That support be provided for the development of methodology and instruments as well as
studies of affective and sociologicat effects of technology.
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Characterizations of the host environments in ways that cveal their receptiveity oy hostility and their abifity
to accommodate the changes required to make individualizing technology work well, are an important national
educationgt priority, The interpersonat environment of both faculty innovators and student users is a significant
unﬁmown that requires substantiat analysis and study,

Recommendation 11: That institutional research be supported to {a) develop ways of using new instructional
technologies to produce a better relationship between the students’ academic and non-academic lite; and (b)
support studies of the “ripple effects’” of techno!ogigs within the institution,

Individualizaed, Boyl?ded t eamming Environments

The individualized, bounded learning environments represent the efforts, typically of one or two more
enterprising, risk-taking facuity members, to change an institution’s way of doing business. The changes are &
matter of degies, and there is a large gray area between the things described the first day and those covered on the
second. T R :

Professor Bunderson and his colleagues at Brigham Young University represent a joining of forces in that he
and some of his colleagues at the University of Texas moved to B.Y.U, in 1972 to enncolidate the NSF funded
TICCIT project with MITRE Corporation. This consolidation fits what has been referred to as the “critical mass”
requirement for personnel in a significant educational technology effort. The project effart is a team phenomenon
involving a university and a not-for-profit corporation working with federal funds. MITRE personnnel are respon-
sible for systems engineering and the B.Y.U. faculty for the instructional design specifications for the CAi system
and the courseware. Professor Bunderson acknowledges the importance of the instituticnal and extra-institutional
attitudinal and sociological problems but does not deal with them. He also describes the immediate “context”
or organization at 8.Y.U. in which this project is housed.

Professor Bunderson deals with the **...disciplined design approach to the solution of educational problems
and the interdisciplinary cross-fertilization between the designers and developers...”” He points out a significant
but not widely recognized point in this connection, namely, It is the explicit recognition and use of human
goals and values,...in a rigorous, empirically based process of design and development that pr pvides the critical
distinction between a design science and a natural science.”

The paper deals with design goals, institutional level goals, effectiveness goals for individual students, and
goals for educators. This is an interesting toxonomy that could have generalizable value to the emerging educational '
technology. Even more significant in the long run are the concepts and technioues described. This is one of the
most developed presentations of educational technology as a process available. It reflects the concern and atten-
tion to the empirical and conceptual base needed to produce a vigorous educational technology.

Recommendation 12: That funds be provided to develop a handbook describing and ifiustrating courseware
developmenj_technéques.

Recommendation 13: That funds be provided to develop management information, including rofe {job)
descriptions for the personnel involved in instructional systems development and evaluation.

Dr. Parry demonstrated the PLATO 1V system and described its operation. The system is one of a kind and
is not a production item in the inventory of any company. it uses components such as Control Data Corporation
Cyber-73 computer, an Owens-$ilinois plasma display panel, Magnavox terminals and computer-controlled
accussories developed at the University of Hinois {random access image selector, audio device, and touch sensi-
tive surface on the screen). Remote communication has to be over either microwave or cable TV to meet projected
cost figures, but the system can communicate to remote users, as was the case for the demonstration at the
symposium, by normal telephone circuitry.
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Lessons for use on PLATO are written by faculty 10 the TUTOR author tanguage which only exists on that

system tyut which is spparently easily learned
Thus 1s o large computer utitily dedicated to nstruction. Its design was based upon an effort to minimize the

cost of detivery of nstruction. White the projected costs figures have qot been met the system {s operational and

lmpres&ve it its capabiilities amt e the quality of the delivery.
The primary recommenidation following from this report has afready been activated. NSF has already funded

an eva!uétmn project at ETS tor both PLATO and TICCIT, as indicated in the paper by Dr. Anastasio.

{ C :
Stice and Hereford's presentation covers what might be called a management technology for instruction,
PSt, the personalized system of mstrsction, often referred 1o as the “Keller Plan,’” was conceived by Dr. Fred S.
Keller in its most current form. A nismber of variations exist even on the Stony Brook campus whese it is being
“used in Education, Physics, Psychology, and Biology, to name a few departments. Like A-T, the lecture is greatly
deemphasired as a medium of information transfes. In fact, it is used as a reward) the professor only gives his
fecture on a topic in whreh he s personaily interested and about whmh he feets he has something worthwhile to

say. Stusddents who attend only do so because they want to.
Keller hists the folfowing five essential features of PSE: (1) self-pacing; (2} unit-mastery for advancement;

<

{3} the lecture as a reward; {4) written interactions between student and teacher; and (8} the use of proctors for
testing (often repeatediy), immediate scoring, tutoring, and inter-personal interaction.
..+ s of Secondary

;

i

!

j , |

f The University of Texas .. Ausun began with PSH in 1966 in Psychological Foun.
Education. Now there are thirty courses taught in fifteen departments in six colleges, and att without administra-
tive coersion. This is not to suggest thut there are no snags or problems. Stice and Hereford give a batanced report

! and indicate that they had proﬁiems and were led to seek funding from the outside. The Sloan Faundation, of
New York City, is now underwriiting the program for two years. The funds are being used to develop (or redesign)

twelve PSH courses and to evaluate cours: data in an attempt to answer a set of questions. Both formative
{“internal”) and summantve (comparative) research and evaluation studies are in process, An impartant area of

interest is feedback to instructors and proctors. The variety of courses on the one campus makes it possible to

study PSI across courses, departmental, and college boundaries so'as to.study the method itself. Even basic prob-
lems in educational research are being raised and studied since the methods that were developed for grouped and

bounded learning environments do not apply to individualized and unt_;ounded environments

Also of interest 1s the study of student characternstics in relation to the effectiveness of PSI courses. This is
a topic of interest 10 a number of the technologies because it is so fundamental to the individualization of

mnstruction,
Recommendation 14: That furkis be provided to summarize the research on individual differences so as to

identify characteristics of students and working hypotheses regarding their interaction with conditions and varia-
A

bles in learning environments
The cost issues were not dodged, and the pattern common to the technologies utilizing more hardware seems
to be present with PSE as well, 'Cost and time will be relatively high during the initia! offering of a PS! course but
will drop 1n subrequent semesters to a level comparable to that for more traditional forms of instruction.’

Having developed a course and the requerad materials, cost benefits could result if it could be transferred to

anothers institution.
Recommaenidlation 15 That funds be made availabie to study the transfer problems associated with PSI

courses and other techoologes as well
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Protessor Duncan Haunsen's paper is not only one of the most fact-packed but also one af the more contro-
versial papers presented in the symposium. {See Dr. Seide!’s discussion.) He cites a number of interesting and
relevant research studies conducted at FSUJ relating mainly to CMY. His position is “Using a computer-managed
wistructional {CVY) meodet to encompdss computer-assisted instruction (CAL), simulation, adaptive testing,
naturat fanguage dialogues, media maragement, scheduling, record keeping and evaluation, the potential of each
of these camponents as training procedures becomes most enhanced.” The studies he refers to were reported in
techmucal reports to funding sources. They are organized into four catagories: learner strategies, training
strategies, validation strategies, and computer system strategies.

Professor Hansen argues that the emphasis should be on ; management madef not on technology. For him
this means that the management of the entire enterprise for instruction, not just the newer technolgicatl aspects.
While this is certainly a valid point, the distinction between the management technology and the delivery
technology is interesting. However, it aiso is the case that both are educational technologies and both are necessary.
Hansen’s point is that the need now is for a computer-managed instructional (CMI) model that encompasses CAl

-and a whole host of other functions. Like Professor Lumsden, however from a different but related perspective,
Professor Hansen argues for a strong and multifaceted national research effort. “The primary research need is to
extend the set of available indices refiecting training.” A "four strategy theme approach” is described for the work
at Florida State Udiversity (FSU): tearner strategies, training strategies. validation strategies, and computer system
strategies.

Learner-strategy research dealt with: rule lesrning; behavioral-objective learning: memory; subjective organi-
zation: anxiety and curiosity; and graphics. Several interesting findings were reported. For exampie, “"Results of
research into the role of behavioral objectives in learning and into subjective organization have led investigators to
feel that these are less rewarding areas.” Hansen also reports that for rule leaming, 1. instruction should present
general instructional objectives to inform the student as to what is expected of him. 2, Presentation of rule siate-
ment can prevent the ‘discovery’ of an incorrect rule. 3. Presentation of sample test items gives the student a chance
for practice and immediate feedback.” Probably more controversial than other data were those reported refating to

. the anxiety and curiosity research.

Professor Hansen recommends several lines of research for the future in each of the four areas. One of the
areas he mentions that also was mentioned repeatedly in the symposium was research on the processes of
revision.

Recommendation 16: That funds be provided to support the systematic study of the process and methodology
of materials revision based upon empirical data.

Recommendation 17: That funds be provided to conduct research on adaptive and tailored testing, especially
as it relates to student evaluation and to materials revision.

Professor Brennan presented “A Model for the Use of Achievement Data and Time Data in an Instructional
System.”’ He considered both theoretical and practical issues invoiving the use of these two types of data in evaluating
an inst: uctional system. The two previous recommendations also could be appropriately made as inferences from
Professor Brennan's paper.

Professor Brennan presents a taxonomy of test data and time data for evaluation purposes, both students and
instruction. His thesis is that evaluation is a fundamental part of curriculum development, not merely an appendage
added on after the fact. It requires planning as well as technological resources, especially research design, reliable and
valid instruments, and data. He presents an evaluation mode! which uses achievement and time data and is general-
izable to many modes of instruction as well as to instructional systems, provided they have clearly stated objectives
while most of the literature currently available on evaluation treats the analysis of data using classical descriptive
and inferential statistics. Brennan predicts that Bayesian and decision-theoretic techniques will play an increasingly
important role in the evaluation of instructional svstem's.
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Recommendation 18: That funds be provided to develop models and methods, including computer software,
for the use of Bayesian statistics and decision theoretic statistical techniques to the range of relevant problems in
educational technology. '

Dr. Anastasio briefly reported on the NSF funded evaluation project at the Educational Testing Service
(ETS) which is just beginning. An interesting aspect of this project is that a separate agency is being supported to
evaluate these two CAl projects while they themselves are evolving. This provides an opportunity seldom enjoyed
in education, namely, to permit the group doing the development to receive continuous and constructive input at a
time when it can be useful rather than after the fact.

Recommendation 19 . That fund; be made available to have independent evatuation studies made of a
variety of educational technologies {e.q., A-T, Kelter Plan, Video systems) while they are being developed.

Dr. Seidel, Human Resources Rosearch Organization, raised many questions not anly about the papers relat-
ing to individualized and bounded environments but also about general issues. For exampte, he felt that “...the
discussion surrounding the concept of validity (whether it was concurrent, predictive or construct validity) to be
interpreted differently by the various speakers. Secondly, the concept of evaluation and the concept of technology
as means versus ends in themsetves were unclear with respect to education. The concept of evaluation also
seemed to have different meanings for different people although nowhere explicitly stated. Finally, the questions
of incentives for faculty members to use technology, incentives for administrators to push the use of technology,
and the guidelines for use of technology in an educational environment all seemed to be somewhat ambiguously
touched upon and nowhere clarified to anyone's satisfaction.

“Nowhere did 1 find that we as a group ever came to grips with the definition of the concept of productivity
....However, more than once | noted the presence of cost/effectiveness as the paramount raison d'etre for the use
of technology. Also, as noted above, technology was implicitly assumed to be inextricably interwoven with state-
ments of ends or educational purposes, (The paper by Bess toughed on important issues of measurement but
unfortunately added to the means-end confusion.)”

"Perhaps the latter is the place to start to try 10 clarify my own position with respect to the ambiguities as
{ saw them in that conference. From our work at HumRRO, it has become quite cicar to us that there are multi-
ple purposes for using the computer as a new technology in education and that in only one of these purposes,
that is, cost/effectiveness purpose, is it appropriate to tatk about fixed objectives and fixed economics for making
evaluations of alternative means of instruction. {We are including this discussion in our book,) But there are other
purposes for which computers are also used (as | tried to indicate at the conference): Purposes such s computing
literacy, enhancing the curricula for a discipline, providing computing opportunities as a tool and finally, overall
educa’ional reform using the computer, The concepts of validity, methodology for evaluation, as well as criteria of
evaluation all different dependent upon which of the above mentioned purposes are being prescribed. Dr. Filep
made 2 strong case for the cost/effective use of technology in education. He noted that $29.9 billion was spent
for higher education in 1971 and that in 1981 the expenditures are likely to jump to $48 billion. Yet as he
indicated there will be the same number of tearners. Therefore, in order to cut costs, educational technology can
have a very important role to play. Note, however, that this approach, this premise, or this purpose, draws one
into a closed box of evaluation in that it assumes objectives do not change and that economics do not change.
Therefore, the whole concept of computers or other technology providing a “value added’’ capability cannot be
addressed. Yet education can be viewed as an open-ended process leading to new objectives and having a general
transfer value for the individual and for society.”’

“The other purposes noted above become more salient when one asks the guestion, ‘Is the current educational
model appropriate?’. The issues arose in one presentation discussing the concept of the PSt model where the
individual making the presentation feit that the old exams are not appropriate despite an orientation towards the use
of behavioral objectives, His question was how do you compare the results of the PS! program to the so-cafled
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conventional mode of presentation. My answer to this is quite simple: You cannot gain consensus on a criterion
for measurement until you can agree on the objectives. Moreover, if new objectives are proposed, then the evalua-
tion has to be made in terms of {a} the acceptance or not of the new objectives, and if they are accepted, {b) the
effectiveness or viability of the technology towards meeting those ebjectives. But in no way is it appropriate to
make a comparison of cost/effectiveness between old and new since you have added something to the
instructional repertoire which was not present previousiy. In thas case it generally means that you have enhanced
the curricula of the discipline.”

.. “The methodology and the criteria for evaluation became even more difficult to conceive of in classic
terms when the goat of using technology {my interest being v use of the computer) is towards the process or
experience of using the computer’s technological capability as a too! for student growth. This is opposed to 3
purpose which focusses an a product as a result of the use of the technology, that product being mastery of some
specified set of behaviorat objectives. And when one stretches the purpose even further towards the affective
domain such as creating a more positive attitude toward, and awareness of, the value of technology and learning
i general, classic psychometrics are in no way relevant nor are mastery methods refevant for ev..'uating the worth
ot the technology for education. Humanistic judgments of acceptance and long-term, broad-ranging effects on
the total person become the refevant criteria. Here is where { see substantial value for Bess’ measurernent
interest {broad social effects).”

“In short, the purposes of education and the purposes for the use of the technolugy within a given role of
education or educational model must be clearly stipulated in order that one can speak without ambiguity of the
value of technology for education. Productivity similarly must be defined in terms of the purpose for which
education is being provided as opposed to a simplistic implication from our industrial society {see, for example,
Hagerty, Educational Researcher, October, 1972) towards increasing the number of units of output per unit
time spent in the production process.”

“Lastly, | was very pleased to hear the groug address the problem of models for implementation of new
technologies in terms of the organizational structures which might provide the most viable entities in order to
make the development of such technolugy a feasible endeavor within education. Serious questions have to be
considered concerning the role of a single orthodox institution in terms of its viability as the basis for imple-
menting technology on any continuing basis. This is especially true for the development, dissemination and use
of computer-based curricula. Development complexities, different instructiona! orientation, specialized
personnel requirements, and unique financial burdens all require an innovative approach. The Discipline Center
approach described by Art Luehrman is one interesting type of model which is worthy of further elaboration
and consideration by the federal government and perhaps by regional organizations. For example, as we dis-
cussed at one evening session, the state university system in New York might well designate curriculum develop-
ment and evaluation to be carried out at one center and that center would do minimal amounts of operations!
teaching. The responsibility for actual delivery and use would occur at other institutions within the state
system, etc.”

Dr. Seidel’s points are important and underscore several of the previously made recommendations. His
comments relating to an empirical study reported in Professor Hansen's paper, however, do suggest a new
recommendation,

Recommendation 20: That funds be provided to conduct research on the relative effectiveness of the fol-
lowing four CAl strategies: adaptive model, remediation-for-all; learner-choice; and no-remediation.

The reported data from Rivers study, while interesting and provocative, were not definitive. Hansen's inter-
pretation was chalienged, or, at least, qualified by Seidel. It is significant enough to justify recommendation 20,
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Personalized, Open Learning Environments

Oean Baldwin reports on a program using videotapes in Engimeering Education now in operation at Colorado
State Umiversity. Seventeen enginvening colleges have offered these programs over the past nine years. This use of
1TV systems is a significant fruction of the U.S. higher education experience in providing graduate instruction, for
credit, at the student’s place of employment. The SURGE program st Colorado Stute University is one of the
largest and oldest. In surveying the on-going learning systems, Dean Baldwin reports that his data ....are crude,
order-of -magnifude numbers...” The first national survey of these programs is now underway under the Chainman-
ship of Albert J. Morr's. The study is called “The Cost-Effectiveness of Continuing Engineer na Studies by
Television.” What is needed is a comparable study of applications in other areas such as um re. duate instruction.
The results could provide guidance to institutions wanting to do similar things.

Recommendation 21: That a national survey be conducted to determine the nature, + 1., cost, and bene-
fits of video-based programs in different areas of Education, both professional and nonpro.« _ional. .

It is clear that video technology in higher education is becoming a more and more interesting way of relating
to the existing needs for graduate instruction in engineering. But, Dean Baldwin also reported on the use of video
instruction for undergraduates on campus, including a madified Keller plan and a career guidance program on
dormitory CATV. Their extensions of video technology at Colorado State University has interesting implications,
but the extension is not limited to undergraduates. Video techmology also is being used in Continuing Education
to meet the needs of older (over 40) enginsers, to the career guidance of young students and the “open leaming
concept.” Many of the sunie materlals can be used to meet these different needs.

Since SURGE, far example, has generated tapes and associated course materials for use in off-campus centers,
it became a relatively simple matter to use them for other groups as well. Dean Baldwin reported a successful new
use i summer school. In fact, ane faculty member combined their use for the format of a Keller plan to make the
tearning environment more individualized. In addition, a lower-division elective course was offered during the
reguiar semester, in the moditied Keller method. Of interest is the fact that the video tape, in this case, was prepared
by a professor who is on another faculty. This is only ane way of achieving a shared distribution of materials. The
liberalization of attitudes about sharing materials of this kind needs to be examined 1o determine a variety of ways
of making materials more accuptable throughout the community of professors who are the consumers. Unlike other
economic systems, the ultimate consumey, the student, does not now select the materiais he pays for and uses,

Dean Baldwin feels that “....old budget practices...preciude a fair hearing of technically based instructionat
options.” The most serious problem, in his view as a middle-teve! manager, is ““the total lack of consideration which
is given to capital outlay amortization in budget preparation...” He also points out that *‘tight budgets’ are
wedded to fixed {abor costs and perpetuate the spiraling costs of a labor intensive system.”

Recormmendation 22: That a study be conducted to determine alternative budget models and associated
materials that will be useful to universities and colleges wanting to adopt the new technologies.

Dean Zigerall points up the need for an reasonableness of evaluation perspective, the use in evaluation of
what the project planners set as their goals and objectives. Separate from this is the question of whether they
chose wisely and well in relation to the larger society and 115 needs. These are separate issues. We tend to overlook
the former or confuse it with the latter. The Chicago TV Coilege, an eightecn-year old effort, is an extension of
the City Colleges of Chicago, 4 public two-year community cotiege. It is interesting that the TV College is now a
part of a unit—the Learning Resources Laboratory--which will provide learning specialists and a variety of
instructional materials for the seven colleges making up the City Colleges of Chicago. This fact should be viewed
in the light of the points previously made about the sociological factors and the context in which technology must
grow and develop and the recommendation made about Education Experimental Station needs, 1t woul be
interesting to note what the critical factors were that led to this shift. Also of interest would be the institutional
administrative pian since these kinds of information couid be useful to other groups contemplating a similar
development.
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¢ Chicago TV College also represents a multifaceted facdity. It not only produces matersals for television
broadeast, it also produces videocdssettes for the Chicago area. The latter aliows for the greater personalization
of trstraction. Plans ure bemg made to use four channels of an ITFS system as well. The audience potential is
virtuatly voknown, but assumed to bBe “mexhaustible.”

Recommendation 23: That funds be provided to study the dudience needs and desires in major metropolitan
dieds and to study the alumnt of the Chicago TV College to see what career and long-range impact their TV
instruction has had.

QOther previousiy made recommendations are also supported by Dean Zigerell’s paper, especiaily the recom-
mendation that the problems of transferring technology to other institutions be studied. it is particularly interesting
in this regard to note that a consistent 40 percent of TV College-tredit students have regularly expressed a desire
to become teachers. As a resuit, a number of relevant courses exist for teachers and could be transferred to other
lucations,

Recommendation 24: That funds be made available to (a) conduct a market analysis for the teacher
education TV courses to determine the demand for them in other locations, and {b) to determine the problems
and cost of transferring them,

The need is for an analysis of the problems of inteninstitutional transfer. Undoubtedly this is rooted in
attitudes of faculty, but the probiem is sufficiently serious and promises cost benefits that need to be taken
aduvantage of.

Brian Lewis presents a fact-packed paper; a comprehensive account of the British Open University’s main
teaching arrangements. Also included are data based upon their experience since 1969, when it was established
by Royal Charter. Teaching, however, began in 1971, but the two years were filled with activities that were new
and unprecedented approaches to problems in higher education. This is the first *.. full-scale home-based, multi-
media system of higher education.” It provides opportunities at both the undergraduate and postgraudate levels
to all who are precluded from realizing their educational aims in an existing institution. In spite of these limita-
tions in time and breadth of scope, twenty thousand students actuaily paid therr fees and started in January,
1971. As many as 80 percent stayed i, and 75 percent passed their examinations. 1972 saw a repetition of this,
and the current student popuiation is approximately forty thousand students.

The man student focation is the home, but four teaching resources are available: postal packages of home-
study materials; television and radio; locat study centers; and short residential summer schools. The first of these
constitutes the “‘core” content of the courses. To get a degree, a student must successfully complete six to eight
courses of study at a rate of not more than two courses per year. Each course requires twelve hours of home
study per week for nine months, ]'hg sgudents are adults over twenty -one, but plans to admit younger students
exist. '

The courses give students many things 1o do, and each study package is self contained and sustains activity
for four to six weeks. Radio and television supplement and complement the core materials. Students return the
homework within specific time limits.

The constraints experienced by the “faculty’ are more in the development of materials than in their
delivery. Assigned work is partially processed by computers. There are tutor-marked assignments as well. For
each homewaork assignment the computer generates a detailed statement of how well the student has done.
Progress reports are made to regional offices and to students. Student opinion is routinely solicited, and question:
naires are regularly sent to representative samples of students. These kinds of feedbhack are processed. O.U, has
its own Institute of Educationa! Technology which, among other activities, has primary responsibidity for guiding
and informing the process of self-improvement.
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Dr. L ewis reported in useful detail the problems and processes in course development. Underestimation of
the task and limited resources have burdened the staff members, but .. the production of quality courses is now
merely difficult, rather than impossible.” It takes two to three weeks to produce an adeguate first draft, which
then needs to be tried out or tested with a sample of appropriate students. Then revision follows, and the new
draft is tested—a test-revise-retest cycle—until the author is satistied, Each new cycle adds three to four weeks, at
least. In addition, the author must devise appropr:ate homework. In doing this, he must specify exactly the plan
for masking to be used by the computer. Patterns of staff differentiation in function have emerged and are

described.

The use of “setf-contained blocks™ of four to eight units each, authored separately, has resulted in an
effective strategy for producing courses that run thirty-six weeks’ duration. Some one-half courses or one-third
courses also are being developed.

Recommendation 25: That funds be provided to develop, out of the O.U. experience, for example, require”
ments and specifications for as yet undeveloped aids 10 course development,soasto increase the productivity
of the course development process.

Recammendation 26: That funds be provided to plan and develop a set of courses 1o be used by an open
university network. ‘ '

This recommendation was made by Chancellor Lipson. He included in his paper a detaited proposal for
such an effort. His bench mark is 300 courses, and he estimates a $60 million per year cost for a five-year period.
A cooperative effort is envis sned for: {a) productian of course materials; {b) systems of student access; {c}
proficiency tests; and (d) evaluation of the system.

Professor Klare reported on “readability” studies of correspondence materials like the “core materials”
used in the O.U. At least twenty-nine computer programs currently exist for applying readability formulas to
large bodies of text. The studies indicated some interesting relationships between reading difficufty and drop
out. These studies of USAFI (United States Armed Forces Institute} data are from thirty courses. A rank-order
correlation of .87 was found between the readabitity scores and the probability that students would send in all
of their lessons. Clearly readability is related to persistence.

Recommendation 27: That funds be provided to conduct experimental studies of the relationghip of
comprehension and persistence to readability by using materials designed to meet a single set of objectives, but
written at different levels of readability.

Recommendation 28: That funds be provided to develop interactive versions of readability programs to aid
authors in developing materials for targeted student users,

Professor Yelon addressed himself to the papers by Baldwin and Lewis with respect to measurement and
evaluation. in his opinion Dean Baldwin did not look at all important productivity measures; he did not mention
the application {transfer) of learning or the achieving of more objectives. Lewis omitted student learning in his
summary of the Q.. experience.

Recommendation 29 That funds be provided to develop a comprehensive list and appropriate guides for
colfecting productivity data in evaluation of educational technology procrams,

Yelon also raised one of the sensitive questiong, procedures for applying social science to development,
delivery, an«| evaluation. Probably the singie most promising and cost-effective solution to the problems of
educational technology is a good social science theory and techniques for applying it. Therefore our final
recommendation based on this symposium is the following:
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Recommendation 30: That funds be provided to develop social science and behavioral theories that refate
to the problems of educational, and especially, mstructional technology. :
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