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PART ONE

GOALS AND OBJECTIVES OF RESEARCH

INTRODUCTION

Research and development in the field of science information during
the past decade has resulted in the establishment of large banks of des-
criptive information and bibliographic data. Stored on digital and analog
media, these collections, along with the organization and dissemination of
their data and information, comprise science and technical information
centers, or science information systems.

So far, the almost exclusive clientele of science information
systems hzs been the commmity concerned with research, development and
production of either ideas or goods. It is logical that the scientific and
technical research commmnity be considered as the principal beneficiary of
science information systems: the impetus for the establishment of these
systems was given by concern with the efficiency of scientific research
and development in a society in which both the quantity of science informa-
tion and the number and variety of its users have registered a substantial
growth trend. At the same time, however, the scientific research commmity
as a market 1s not characterized by either the volume or the frequency of
information use which would exhaust the capacity and potential of present-
day science information systems. It is thus very appropriate to inquire
whether the contents and services of these systems can be made available to
science endeavors other than research and development. The appropriateness
of this inquiry is unquestionable; science information is a social and
national resource whose value potential is closely related to the level of
its prudent use.

In searching for other markets for science information, the obvious
direction is to look toward human activities which are heavily dependent on
information inputs from external "science memories.'" Obviously, human




science learning is an example of such an activity which fundamentally de-
pends on information transfer fram extermal information sources into the
human mind. Science education, the organized social system for such
learning, is intuitively an attractive market for science information.

The notion of a symbiosis between science information and learning
is not new, although until very recently it has received little overt
attention. Vlatson Davis [Ref.l],is reported having observed "a curious
lack of follow-up among documentalists" to the Utopian idea of a "world
brain" suggested by H. G. Wells--a centralized store of knowledge used
for education. More recantly, the Interuniversity Commmications Council
preposed to bring the contents of various existing and potential informa-
tion stores to bear on the educational process; after an initial period of
enthusiasm [Ref.3], the concept still remains to be seriously explored, as
do the premises which led to the "networks for knowledge" Federal legisla-'®
tion of the mid-1960's. Apart from a few serious advocates of such a
symbiosis [Ref.4], the respective orientations of science information and
education have remained diverse, even on occasions when the two met to
commumnicate on a shared platform of educational technology.

Within the past year, however, several events are indicative of a
high level concern with the relationship of science information and educa-
tion. Prominent among these is a study by the Organization for Economic
Cooperation and Developrent entitled Information for a Changing Society
(OECD, 1871). In response to a major conclusion of this study (that "in-
formation systems of the future must be dynamic, capable of educating, and
adaptable to the changing educational systems of the world") OECD recom-
mends that "evaluation of educational requirements of modem societies

should take account of the need for information transfer systems that are
better adapted to the continuing re-education of adults."

In a parallel vein, specific attention has now been drawn to the
necessity of adapting science information systems to the science educational
process and system of the future: "The infonmation systems stimulated by
the lational Science Foundation have heretofore focused primarily on the
needs of specialists; greater attention should be paid to the life-long




educational process of the [scientific] non-specialist" [Ref.2].

II. SCIENCE INFORMATTON AND EDUCATTION

In the context of the work reported here, science information is
defined as recorded knowledge, usually in the form of primary publications
stored on analog or digital media, emanating from the intellectual work of
the scientific and technical commmity. The management of the inventory
of science information, and the enhancement of its utility to mankind, are
the primary purposes of science information systems. In the attempt to
meet these purposer, science information systems collect, evaluate, orga-
nize and store science infarmation, and they provide tools for its purpose-
ful use. In modern science information systems, the tools comprise
primarily devices and mechanisms yor accessing science information—-de-
vices and mechanisms such as descriptive notations, indices, abstracts,
searching methods, etc. The function of science information systems may
be said to be that of a coupie between science information and its users,
insofar as present-day systems are generally limited only to the storage
of science information surrogates.

In their role of searchable bibliographic directories the use of
science information syst-ms is not limited to the research comunity; their
use by others depends, however, on their need for science information and
on its utility. For reasons which remain to be carefully assessed the use
of science information systems in science education has been sporadic, and
largely confined to individuals engaged in research rather than in
scientific or technical instruction or learning. It is quite apparent
that the flow of science information into science education is characterized
by discontinuity, lack of intensity, and time delay; hence its utilization
in science education is suboptimal.

Unless the use of science information systems in science education
is to be for purposes other than an occasional bibliographic search on a
topic of moumentary interest, the possibility of an effective flow of
seience information into education appears to be predicated on the existence,




availability and use of external, manipulable stores of learning materials.
A direct flow of science informaticn frem its repositories into the highly
wolatile and transitive enviranment of live classroam instruction is dif-
ficult to imagine; the updating of the knowledge of human instructors is

an idiosyncratic process of habitual characteristics which are not easily
modified. On the other hand, stored leaming materials (textbooks, in-
structional films, etc.) are a solid client of science information services,
and a strong element in the: educational process.

The realistic Possibility of an intensified infliux of science in-
formation into instruction and learning in the sciences is therefore given
by the recent emergence and development of "learning systems," broadly de-
fined as technology-aided instruction/learning facilities which allow
leamers to interact with organized learning materials stored in an animate,
manipulable device or memory. The more powerful of these systems are "con-
versational--—that is, interactive Systems which provide, in addition to a
modular store of leaming materials, models of the live interaction between
a student and a human tutor. Despite the relative simplicity of the
present-day models, the conversational learning systems hold promise of
being able to sustain realistically the process of self-instruction.
Purthermore, given certain types of memories of learning materials to sup-
port the self-instructicn process, it is possible to consider science in-.
formation as constituting an important input into these systems.

IIT. RESFARCH CBJECTIVES AND PHASE T TASKS

The objective of the proposed project is to study, design and ex-
perimentally evaluate man-machine mechanisms for enhancing the transfer of
science information fram its present repositories into science learning
systems.

The postulated mechanism for the transfer of science information
into learning systems, which can only be sketched at this time, is
illustrated in Figure 1. The main characteristic of this transfep
mechanism is the use of certain outputs of science information systems,




enhanced and modified as appropriate, as inputs to the learning systems.
The transformation of the outputs, and the ease and econamy with which the
trensfer can be accomplished, are the crucial aspects of the mechanism.
It is unlikely that the process can be performed fully automatically;
rather, the educator-author is the key human interface responsible for
the transformation of information.

Vithin its general objective of investigating the mechanisms of
science information transfer into science education, the ongoing research
has the following specific goals:

1. To describe operation~**:’ the human process of transforma-
tion of science information system outputs for the purpose of
integrating them into the content of ALF-type learning systems;

2. To investigate comparatively the design and operating charac-
teristics of science information systems and ALF-type science
learning systems, particularly from the viewpoint of requirements
for traicferring information between them via a man-machine
interface;

3. To implement an experimental design of limited transfer
mechanism from appropr atr - ~isting science information systems
into an ALF-type scier 2 jweuwning system, and to evaluate
selected aspects of that 1+ ianism.

The findings of the proposed research should result in conclusions
ooncermning the minimun design requirements for the compatibility of science
information systems and science lewning systems, and in an evaluation of
an operational method for a rapid integration of up-to-date science in-
formation into the content of mod ..¢ facilities for self-instruction in
science.

L: the finst phase of the roject, research efforts were focused on
the following tasks:

1. Analysis of relevant 3 mters of existing science information
systems.
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2. Human interface characteristics for science information
transfer.

3. Investigation of design alternatives of the STITE system.

The above tasks and the state of yesearch are des.yibed in greater
detail in the remaining sections of this report. An initial, although not
yet complete, review of relevant literature is also included.




1.

12

Bohnert, H., and Kochen, M. "The Autcmated Multilevel Encyclopedia as
?l New Mode of Scientific Communication." Proceedings of ADI, 2:269-270
963).

Brady, E. L., and Branscomb, L. M. "Information for a Changing Society."
Science, 175:961-966 (March 3, 1972:.

Brown, G. W., et al. EDUNET--Report of-the Summer.Study on Information
Networks. New York, Wiley, 1967. S '

Kochen, M. "Information Science and Computer Aids in Education.”" In
Schultz, L., ed., The Information Bazaar, Philadelphia, Pa., the
College of Physicians, 1969, pp. 209-226.




13

" PART TWO

ANALYSIS OF SELECTED SCIENCE ‘AND ‘TECHNICAL INFORMATION




14

PART TWO

ANALYSIS OF SELECTED 'SCIENCE AND TECHNICAL

INFORMATION

I, INTRODUCTIOHN

The prominent products of research and development in science/technical
information of the past decade are large banks of descriptive information and
bibliographic data stored on digital and analog media. The collection, organi-
zation, and dissemination of this information and data comprises the so.called
"Science and Technical Information Systcems/Center" (STIC), whose services typify
the current level of development of the information industry - the establish-
ment of computerized information utilities and services of different types and
purposss. Science and technical information centers differ widely when consid-
ered from the viewpoint of the degree of automation, the depth and breadth of
subject coverage, their sources of information. their operational characteristics
and their availability to user community. By user community is meant the total
user population of the center.

The distinctions between different science information systems also re-
late to the fact that there are various methods for each of the stages of opera-
tion, such as acquisition, record keeping, library processing and loans, storage
of the sources, information dissemination, information gecarching, information
retrieval etc.

The science and technical informmation system/center can further be de-
fined as an information service system which operates in an environment which
includes both information to be processed and a population of users who require
various portions of thic information in order to achieve certain goals., For
example, the goal of the proposed science information transfer system, STITE, is
to desien learning materials and to update tham periodically, thereby enhancing
the effectiveness of the learning systems in modern educational methods.

The following fisure delincates the major subsystems/components of the
proposed systai.

14
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The above figure shows the information flow in the proposed STITE system.
The main aim of this research project is the design of this central system. As
technology advances and brings dovm the cost of equipment, such as audio-visual
equipment and data transmission devices, there will be innovations and modifi-
cations in learning information systems (LTS). This will continually alter the
information requirements of LIS, and consequently its interacticns with the
STITE system will enhance with time.

As it is anticipated at this phase of the project, the STITE system would
be an intermediary office between the LI and STICs with computing and data
processing facilities. On the basis of requests from the educator community
(i.e. LIS), the STITE system would interact with STICs according to some pre-
programmed fashion and according to its intended purpose, it would acquire the
necessary information from the STICs and provide the same to the appropriate LIS.
The selection of media for information transmission between the camponents of the
proposed system, as shown in the above figure, is one of the main features of
the design of the proposed information transfer mechanism. It can be antici-
pated that there would be a gradual transition from off-line to on-line, and
from batch to realetime transmission.

A few basic assumptions are made concerning science information systems
and the design philosophy of the proposed science information transfer system.
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1) The science information centers will have direct contact., or contact
via an intormediary office, with the user community on an iiitiative as well as
on a responsive basis.

2) Not all of the learning systems will require the transfer of information
from science information systems to learning systems. This variation will
necessitate further research defining the criteria for the use of STITE system
and identifying the courses that need updating with the science information to
be transferred from these centers.

3) There may be an additional performance requirement on these science
information centers to publish periodicals that will assist the educator com-
mmity in the development of new courses to be offered to learmers for enhancing
their knowledge with current research results.

4) It is further assumed that to determine the science information centers
to be accessed for the development of new courses in a given subject area and to
facilitate the identification of centers that will provide the necessary science
information for updating the learning materials for modifying the course pre-
paration in a given subject area, it is necessary to categorize these centers on
the basis of subject disciplines.

II. - 'CATEGORIZATIO! OF SCIEMNCE AND TECIHNICAL INFORMATION CENTERS

As previously mentioned it is necessary for the STITE system to identify
the centers that will be contacted for retrieving the relevant information for
the educator cormunity. As a preleminary step to this, it is reasonable to assume
that existing science and technical information centers should be categorized on
the basis of subject disciplines. Each science information center presently
has a classification of information according to several profile interests in a
subject discipline. This facilitates retrieving from the store the portion of
the information that a particular user needs. Also it indicates that it is not
necessary to further categorize the centers on the basis of detailed profile
interests in a subject discipline.

Kruzas, in Encyclopedia of Information Systems and Service [Ref. 91,

gives a page description of approximately 1000 STICs. All entries include the
rare of the parent reoanization and the particular systom, service op activity
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described, date established, other sponsoring organizations, head of the unit,
staff, description of system, scope or subject coverage, input sources, holdings
of recorded data, serial publications, non-serial publications, microform
services, magnetic tape services, and other services provided by the center, such
as abstracting, indexing, literature searching (computer as well as manual), data
ollection and analysis, network and cooperative programs.

Kruzas [Ref. 9], also gives 12 valuable indexes, the primary one of
which is the subject index. This has been the primary source of information for
the following subject categorization of STICs.

For convenience, science information centers have been classified on the
basis of subject discipiines into categories which correspond to the major subject
subdivisions of the Universal Decimal Classification (UDC).

If a STIC is listed under a particular subject heading then that is an in-
dication that STIC has some science and technical information in that subject
discipline. Here the categorization is broad, and there is a considerable degree
of overlapping between subject headings. Kruzas's listing of STICs in the sub-
ject index [Ref. 9],has been extensively used here.

II. C/TEGORTZATION OF STICS IN SCIENCE

1. Science

General Science

~Information Interscience Inc. - Science Information Center.

-institute for Scientific Information.

~Johns Hopkins University - Center for Research in Scientific Communication.
-Ohio State Univ. - iMechanized Information Center.

-Penn State Univ. - Penn. State Tech. Assistance Program.

~Quantum Science Corporation.

=Scientist! Instituie forr Public Information

-Smith, Kline, and French Labs - Scierce Information.

~U.S. Committec on Scientific and Technical Information.

-U.S. iational fcademy of Sciences - siational Research Council -
{fice of the Forcign Secy.
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Mathematics

-American Mathematical Society - Mathematical Off print Service.
~Johns Hopkins University - Applied Physics lab.

-U.S. Office of Education - ERIC Clearinghouse for Science and
Math Education.

~Univ. of Oklahoma Medical Center - Medical Center Computing Facility.

Astronomy § Allied
Sclences

- j Inst. of Physics - National Infi i i
gar catrrlo nomy- o ysics ation ormation System for Physics

-U.S. Air Force - Aercnautic Chart and Information Center.

~U.S. National Oceanic and Atmospheric Admin., - World Data Center A -
Upper Atmosphere Geophysics.

~Wolf Research and Dev. Corp.

‘ Phxsics

-American Institute of Physics - National Information System for Physics
and Astronormy.

-Institute of Electrical and Electronics Engineers - Information Service
Department.

-Johns Hopkins University - Applied Physics Laboratory - Information
Storage and Retrieval Project.

-U.S. Army - Materiel Command - Harry Diamond Laboratories - Scientific
and Technical Information Office.

~U.S. Atomic Inergy Cormission - Oak Ridge National Laboratory - Central
Research Library.

-U.S. Atomic Fnergy Cormission - Oak Ridge National Laboratory - Nuclear
Data Project.

-U.S. Atomic Energy Commission - Oak Ridge lational Laboratory - Research
Materials Informaticn Center.

-U.S. Bureau of lines - Albany Metallurgy Researcih Center - Thermodynamics
Laboratory - Contributions to the Data on Theoretical Metallurgy.

<U.S. Bureau of Standards - Atomic Transition Propabilities Data Center.

v
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-U.S. National Bureau of Standards - Office of Standard Refererice
Data - National Standard Reference Data System.

-U.S. Navy - Naval Research Laboratory - Technical Library.
-University of Calgary - Information Systems and Services Division.

-Stanford University Computation Center - Stanford Physics Information.
Retrieval System.

~University of California - Lawrence Radiation Laboratory - Berkeley
Particle Data Center.

 Chemistry

-Abbott Laboratories - Information Services.
-American Chemical Society - Chemical Abstracts Service.
-American Chemical Society - Division of Chemical Literature.

-American Cyanimid Company - Lederle Laboratories - Research .
Information and Retrieval Department.

-American Petroleum Institute - Central Abstracting and Indexing
Sexrvice.

~Chemical Systems, Inc., - Computerized Structural Group Index of
Cormercial Organic Chemicals.

~Ciba Pharmaceutical Company - Scientific Information Center.
-De Soto Inc. - Information Center.

-Drug Information Association.

-E1i Lilly and Company - Scientific Library.

-Bthyl Corporation - Research Laboratories - Technical Information
Services.

. =Franklin Institute - Research Laboratories - Science Information
Services Department.

~Goodyear tire and Fubber Company - Goodyear Atomic Corporation -
Information and Pecords.

-Hoffmann-la Poche Inc. - Management Service Department.
~Hooker Cremical Corporation - Technical Information Center.

-Illinois Institute of Technology - IIT Resecarch Institute - Computer
Search Center.

-Iowa State University - Institute for Atomic Research - Rare-earth
Information Center.

~lockliced Aircraft Corporation - Lockheed Missiles and Space Company
Technical Information Center.




-Norwich Pharmacal Company - Information Services Division.
-Plenum Publishing Corporation - Princeton Information Technology.
-Predicasts, Inc.

-Rensselaer Polytechnic Institute - Molten Salts Data Center.

~Schering Corporation - Scientific and Technical Information Center -
Technical Documentation Department

-Science Databank, Inc.
-Smith, Kline and French lLaboratories - Science Information.
-Southivest Research Institute - Information Services and Library.

=Squibb Institute for Medical Research - Science Information
Department.

=Stanford Research Institute - Chemical Information Services.

-Texas A € M University - Department of Chemistry - Thermodynamics
Research Center.

-3M Company - Scientific and Technical Commmications Department -
Patents and Profiles.

-3M Company - Scientific and Technical Communications Department -
Technical Commmunications Centers.

-U.S. Amy - Edgewiood Arsena: - Industry idaison Office - Wiswesser
Chemical Line Notation System.

-U.S. Army - Electronics Cormand - Technical Information Division.

=U.S. Atomic fnergy Ccmmission - Oak Ridge National Laboratory -
Central Research Library.

-U.S. Hational Bureau of Standards - Chemical Kinetics Information
Center.

-U.S. Hational Bureau of Standards - Chemical Thermodynamics Data Center.
-U.S. National Burcau of Standards - Crystal Data Center.

=U.S. llational Bureau of Standards - Data Center for Atomic and
Molecular Ionization Processes.

~U.S. Hational Eurcau of Standards - Diatomic Molecule Spectra and
Energy Levels.

-U.S. llational Burcau of Standards - Office of Standard Reference Data
National Standard reference Data System.

-U.S. llavy = liaval Research Laboratory - High Temperature Behavior of
Inorganic Salts.

-U.S. Patent Office - Office of Search Systems and Documentation -
Classification Cystem.

-U.S. Mublic ficalth Servies - hational Institutes of liealth - Clinical
Pathology Data Processing System.
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-University of California - Lawrence Radiation Laboratory - Information
Research Group.

-Xerox Corporation - Central Information Center.

Earth Sciences

-Geoscience Information Society.
-Ohio State University - Institute of Polar Studies.

~U.S. Air Force - Aeronautic Chart and Information Center -
Technical Library Section.

-U.S. Army - Electronics Command - Technical Information Division.

-University of Michigan - Subsurface Laboratory - Geologic Educational
Research Center.

~University of Tulsa - Information Services Department.

- Paleontology

~-American Geological Institute - Geological Reference File.
-Mclean Paleontological Laboratory - Information Services.

Biology

-Biosciences Information Service of Biological Abstracts.

-I1linois Institute of Technology - IIT Research institute - Computer
Search Center.

~Johns Hopkins University - laboratory in Behavioral Physiology -
Cammunications in Behavioral Biology.

~Universite Laval - Centre de Documentation.

~University of California - Lawrence Radiation Laboratory - Infor-
mation Research Group.

Botanical Sciences

~University of Miami - Morton Collectanea.
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2. Technology

Technical Sciences

-American Petroleum Institute - Central Abstracting and Indexing
Sexrvice.

-Battelle Memorial Institute - Columbus Laboratories - Strategic
Technology Information Analysis Center.

-Chevron 0il Field Research Company - Technical Information
Center.

-Dallas Geological Society - Geological Information Library of Dallas.

-Esso Research and Ingineering Company - Company and Literature
Information Center,

~Esso Research and Ingineering Campany - Engineering Information

Center.
-Ethyl Corporation - Research Laboratories - Technical Information
ces.

q
-General Dynamics Corporation - Convair Aerospace Division - Library
and Information Services.

~Harvard University and Massachusetts Institute of Technology - University
Information Technology Corporation.

-I1linois Institute of Technology - Institute of Gas Technology
Technical Information Services.

-Indiana University - Aerospace Research Application Center.
-Interuniversity Cormunications Council.

=Johns Hopkins University - Applied Physics Laboratory - Information
Storage and Fetrieval Project.

~Lockheed Aircraft Corporation - Lockheed Missiles and Space Company -
Technical Information Center.

~Haratron 0il Company - Denver Research Center - Technical Information
Section.

-Martin lMarietta Corporation - Technical Information Center,

~Mobil Research and Developrent Corporation - Field Research Laboratory -
Technical Information Section and Library.

=North American Rockwell Corporation, Inc, = Aerospace and Systems Group
Technical Informatlion Processing System.

~Sandia Laboratory - Technical Libraries Department.

-Southwest Regional iaboretory for Educational Rescarch and Development -
Computer Centor,

=United Aircraft Research Laboratories - United Aircraft Corporation

B [ PR SR
Library Cycton.




~University of Iowa - Iowa Educational Information Center.

~University of Southern California - Western Research Application
Center.

~University of Tulsa - Information Services Department.

-University of Utah - College of Engineering - Solid Rocket
Structural Integrity Information Center.

-U.S. Army - Electronics Command - Technical Information Division.

-U.S. Hational Aeronautics and Space Administration - Manned
Spacecraft Center - Technical Library.

-U.S. National Aeronautics and Space Administration - National
space Science Data Center.

-U.S. National Aeronautics and Space Administration - Scientific
and Technical Information Facility.

_U.S. National Aeronautics and Space Administration - Scientific and

Technical Information Office.

_U.S. National Oceanic and Atmospheric Administration - Scientific
Information and Documentation Division.

-U.S. Navy - Naval Research laboratory - Technical Library.

~U.S. Office of Education - ERIC Clearinghouse on Educational Mzdia
and Technology.

~Wolf Research and Development Corporation.
~World Data Center A - Rockets and Satellities.

E'_ie;dical Sciences

-Abbott Laboratories - Information Services.
~American Medical Association - Archive - Library.

-Canada - MNational Research Council of Canada - National Science
Library of Canada - Health Sciences Resource Center.

~Catholic Hospitals Medical Education Foundation - Medical

Literature Informaticn Center. ——

~Ciba Pharmaceutical Company - Scientific Information Center.
—Soln Crerar library - Fesearch Information Service.

~I>cerpta Hedica Information Systenns, Inc. - Automated Storage and
Retr eval System of Drug Literature.

~Houswon Acadery of Medicine Library - Cooperative Automated
Circulation Svsiesi.

~Institute for Advancement of Hedical Communication.

23
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-Lowry-Cocroft Abstracts.
-Mead Johnson and Company - Medical Serwvices.
-Medical Library Center of New York.

=Memorial Sloan Kettering Cancer Center - Memorial Hospital for
Cancer and Allied Diseases - Communication and Computation Center.

-Mid-Continental Regional Medical Library.
-Pacific Northwest Regional Health Sciences Library.

-Pharmaceutical Manufacturers Association - Science Information
Service.

-South Central Regional Medical Library Program.
-Southeastern Regional Medical Library Program.
~U.S. National Library of Medicine.

=U.S. National Library of Medicine - Lister Hill National Center
for Biomedical Commmications.

-U.S. National Library of Medicine - Medical Literature Analysis and
Retrieval System.

-U.S. National Library of Medicine - National Medical Audiovisual
Center.

-U.S. Public Health Service - National Institutes of Health -
National Institute of Arthritis and Metabolic Diseases - Office of
Scientific Communications.

=U.S. Public Health Service - ilational Institutes of Health - National
Institute of Mental Health - Division of Narcotics Addiction and
Drug Abuse - Addiction Research Center.

-U.S. Public Health Service - ilational Institute of Occupational Safety
and Health - Scientific Reference Service Branch.

-U.S. Smithsciian Institution - Science Information Ixchange.

-U.S. Veterans Administration Hospital - Automated Hospital.Information
System.

=University City Science Center.
-Wyeth Laboratories - Scientific Information Section.

Enginecering

-Anerican Petroleum Institute - Central Abstracting and Indexing Service.
-American Society for Metals - Metals Information System.
~John Crerar Library - Research Information Service.
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-Engineering Index, Inc. - Information Services.
-Engirieering Societies Library.
~-Engineers Joint Council.

-T1linois Institute of Technology - IIT Research Instituve -
Computer Search Center.

-Information Interscience Inc. - Science Information Zenter.

~North Carolina Board of Science and Technology - Science and
Technology Research Center.

North Carolina State University - D.H. Hill Library - Technical
Information Center.

~Nova Scotia Research Foundation - Technical Services Division.

-U.S. Army - Cold Regions Research and Engineering Laboratory - Cold
Regions Information System.

-U.S. Army - Corps of Engineers - Office of the Chief of Engineers -

Scientific and Technical Information Division. .

-U.S. Army - Missile Command - Engineering Documentation Division
Documentation Automated Retrieval Equipment.

-U.S. Army - Tank-Automotive Command - Engineering Drawing
Depository.

-U.S. Army - Watervliet Arsenal - Technical Information Service Office -
Benet Laboratories.

-U.S. Defense Supply Agency - Defense Industrial Supply Center -
Tecinical Docurent Supply Center.

-U.S. Department of Commerce - National Technical Information Service.

-U.S. Department of the Interior - Department of Reclamation - Infor-
mation Storage and Retrieval Project.

-U.5. Library of Congress - Science and Technology Division

-U.S. library of Congress - Science and Technology Division -
National Reierral Center.

-U.S. Mational Pureau of Standards - Office of Engineering Standards
Services - Infurmation Section.

-U.S. llavy - Naval Postgraduate School - Dudley Knox Library.

-U.S. Navy - Haval Ship Systems Comrmand - Scientific Documentation
Division.

-U.S. Patent Office - uffice of Search Systems and Documentation
Classification System.

~University of .ilgary - Information Systems and Services Division.
~University of licbraska - Ncbraska Ingineering and Business Services.

~University of iiew Mexico - Technology Application Center.




~University of Southern California - Western Research Application
Center.

~Virginia Polytechnic Institute - Extension Division - Virginia
State Technical Services.

-Western Electric Company - Engineering Research Center - Infor-
mation Scierce Department.

~Whirlpool Corporation - Information Center.
-Xerox Corporation - Systems and Sexrvices for Libraries.

Agriculture

-Monsanto Company - Information Center.

~South Dakota State University - Institute of Irrigation Technology -

Information Serwvices.

<U.S. Department of Agriculture - Agricultural Research Service -
Information Division.

-U.S. Department of Agriculture - Current Research Infoymation
System.

-U.S. Department of Agriculture - Foreign Agricultural Service -
Information Service Branch.

-U.S. Department of Agriculture - National Agricultural Library.

~U.S. Departmen: of Agriculture - National Agricultural Library -
Agricultural Sciences Information Network.

-U.S. Department of Defense - Defense Supply Agency - Defense
Documentation Center.

~University of idiami - Morton Collectanea.

Business

-Conference foard, Inc. - Division of Information Sexvice
-De Soto Inc. Information Center.
~Monsanto Company - Information Certer.

North Carolina State University - D. H. Hill Library - Technical
Infcrmation Center.

-Oregon Total Information System.
-Predicasts, Tnc.

~Southern Methodiat University - Industrial Information Services.
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-Stanford Research Institute - long Range Planning Service.
-Stanford Univercity Libraries - Technical Information Service.
-U.S. Department of Commerce - National Technical Information Service.

-University of Minnesota - Walter Library - Technical Information
Service.,

-University of Nebraska - lNebraska Engineering and Business Services.

-Virginia Polytechnic Institute - Extensicn Division - Virginia State
Technical Services.

Chemical Technology

-American Chemical Society - Chemical Abstracts Service.

-B. F. Coodrich Chemical Company - Technical Information Center.
~-Monsanto Company - Information Center.

-Southwest Res. Institute - Information Services and Library.

Metallurgy

-American Society for Metals - Metals Information System.

-Battelle Memorial Institute - Col'mbus lLaboratories - Defense
Metals Information Center.

-Belfour Stulen, Inc. - Mechanical Properties Data Center.

-Goodyear Tire and Rubber Company - Goodyear Atomic Corporation -
Information and Records,

-Iowa State University - Institute for Atomic Rescarch - Rare-
Earth Information Center.

-Lockheed Aircraft Corporation - Lockheed-Georgia Company Scientific
and Technical Information Department.

-Lockheed Aircraft Corporation - Lockheed Missiles and Space Company
Techinical Inforation Center.

-Reynolds letals Company - Technical Information Services, Research
and Development.

~Tin Research Institute, Inc. - Technical Service Center.

<U.S. Army - YWatervliet Arsenal - Technical Information Services.-
Office - Benet Laboratories.

~0eSe Burcau of lines - Albany letallurgy Fesearch Center - Thermo-
dynanics Liboratory - Contributions to the Data on Theoretical
Metallurgy.




Manufactures

-Nova Scotia Research Foundation - Technical Services Department.
-RCA Corporation - David Sarnoff Research Center.
-Southwest Research Institute - Information Services and Library.

Building Materials

-U.S. General Services Administration - Office of Public Affairs.

28
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III. ANALYSIS OF ST.. 3

The science and technical information centers are analyzed from the
viewpoint of output data specification since the concern of the project is
with science and technology transfer from these centers into educational
institutions. The analysis does not include structual features of the STICs
such as configuration, allocation of processes in the system etc. Attention
is focused on important parameters of STICs and little attention is given tc
system processing features.

The mechanization/automation of most of the science information centers
is concentrated mainly in the following stages:

-non-selective dissemination of information via bulletins, abstracts,

or bibliographics

-selective dissemination of information -

-subject selection of articles

The introduction ¢f machines into information processing could yield
good results if used simultaneously at all the above t.ree stages in:

~compiling bibliographic listings, indexes, etc.

-selective dissemination of information on the basis of interest

profiles

-answering individual reques by selecting relevent documents

1. Characteristics of Processed Information

Analysis of the characteristics of processed information leads to a
focus mainly on the initiative and responsive output of STICs which are defined
in section III.2. Since science and techinical information from STICs will be uti-
lized in edu~ational institutions, they are analyzed according to the forms of
output that are available from SiICs. [Sec. III.3] In Sec. III.5, some of the
interactions betueen the user and the system are discussed.

2. Rumnctional Catecrerization of Information

As inforration is manipulated and processed in the system, it under-
goes various transfortation widlch make it desirable to re-define the information
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"packages" by type at various stages of the process. Of the several functional
categorizations of information, those categories relevant to the STITE pro-

ject will be initiative outputs and services and responsive outputs and sources.
Less emphasis will be given real-world inputs, system-oriented inputs, and system
stores.

2.1 TInitative Outputs and Services

One of the main functions of an information service system is
to provide effective dissemination of information to the user
population. As a result, information may be classified in terms
of the types of initiative outputs and services which the system is
to provide. This information will assist the educator commumnity
in the development of new courses in a subject discipline.

2.2 Responsive Outputs and Services

The other service function of STICs is to provide services in
response to '.ser requests. Information may therefore be categorized
in terms of the types of responsive outputs and services to be pro-
vided by the system. These outputs and services will aid the
educator community in updating the teaching materials and modifying
for other purposes courses currently offered in educational institut-
ions.

3 Output Data Specification

In the design of the proposed STITE, a specification of the output re-
quired by the several user communities is to be made. This may require some of
the STICs to o sorme additional programming work or to modify their existing

The general input information types to STICs are the following:

~comosite works (journals, procecdings, etc.)

-monographe (books, monographic series, etc.)

-researcn and develeprent reports

~-secondary publication (abstract Jjouwrnals)

~researcll - in = progress reports




Initiative output products from these centers for assisting the
user/educator commmnities in developing new courses in a chosen subject area,
oould be the following:

-announcement lists

-book-form catalog

-research-in-progress index

-biographical index - directory etc.

The responsive output products from these science and technical in-
formation centers, in response to user requests, should be of the types that
would acsist the educator commmity in updating their teaching materials per-
jodically, thereby enhancing the effectiveness of the teaching systems. These
responsive outputs will be the following:

-demand bibliographies

-specific document search \

~hard copy retrieval

-state~of-the art report

4, Methodology for the Analysis of Output

Some of the learning/teaching systems may require the outputs from
STICs in a particular form, such as slides, videotape, magnetic tape, etc.
These requirements are to be analyzed in conjunction with the forms of output
that are obtainasle from the existing science and technical information centers.
It is assumed that a decision will be made at the design stage of the STITE
system. concerning wiether the particular forms of information materials should
be developed at the recpective user locations from the outputs the user re-
ceives from these centers in whatever form they are available, or vhether recommen-
dations should be made to the existing STICS to provide their outputs in the forms
desirable to the wiers with a nominal fee for the cost incurred in preparing them.
At this early stage, it seems that the user comaunity will have to prepare its
leaming materials in the desired forms from the information materials they re-
ceive from 3TICs. These aspects of initiative outputs, as well as the responsive
outputs, are yet to be studied in detail, simultancously with the analysic of the

teaching/leaming, systems.
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5. Interactions Between the User and the System

\

The user/educator commmity will request science information from
STICs and will evaluate the system by the relevance of the material received.
To design the proposed STITE system, it will be necessary to consider

~-the determination of user requirements

-the interaction between the user/educator cammmity and

the system

-the various types of retrieval requests

The user/educator commmity may conceivably approach these STICs
either directly or via an intermediary with a need for modifying or updating
teaching materials in a given subject area.

In traditional libraries, the user has many options. He may request
help from a reference librarian, he may browse through the open stacks of
books, or he may use the card catalog. Although the information center, part-
icularly the automated information storage and retrieval center, is organized
differently than the library, it must provide the user with a similar renge of
capabilities and services. Indeed, because of the high cost of automation, the
services provided the user should be more, certainly not less, than those provided
by a conventicnal library. How to allow for maximum interaction between the
user and the science and technical information stored in an automated system
might be one of the main design problems.

6. User Request Analysis

The different types of user requests and their implications for STITE
system design can be sumarized as follows:
6.1 Request for a Specifir Document or Article - The most frequent
request received by an information center is for a specific document
or article. In an automated system, the document number from an index
file is obtained and then a copy of the document from the microfilm
store is retrieved and sent to the user by mail or the content of the
document is sent to the user via the existing commmication links.
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6.2 Requests for Information by Subject - Ancther common
request is for information on a particular topic, such as
documents dealing with satellite commmication concepts.

In most of the existing science and technical information
centers, the system response to this form of request is

good. Generally the user wants relevant documents but not
necessarily all relevant documents, and he wants the material
in a reasonable period of time. Most information centers

have no difficulty in responding to this request.

6.3 Requests for an Exhaustive Search - Scme user might re-
quest a state-of-the-art report on a particular topic in a
subject area. In fact, same research problems require that

the investigator make a systematic and thorough search through
all of the literature to determine whether or not the infor- v
mation he needs has been reported elsevwhere. These possible
needs of the users necessitate analysis of the existing science
and technical information centers in their capabilities of
handling such users' requests.

Finally users request information to keep abreast of develop-
ments in a given field, and there are now several publicat-
ions devoted to promoting current awareness in specialized areas.
(themical Titles, for example). Also various selective dis-
semination procedures attempt to provide information to the
specialist before he recognizes his own needs. These services
will be analyzed in greater detail at a later point.

7. Sumary - The utility of the outputs from STICs for educational systems
is an essential consideration for the proposed design of a STITE system. Carroll
[Ref. 2], has gathered information from representatives of all known commercially
available tape services and lists this information under the following categories:
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-name of tape

-source

-contact - representative for further information

-characteristics of the data base

-frequency of tape issue

-average nuwber of source items per tape

-subscription cost or leasing details

-software availability

-type of in-house service offered

-publications produced from base by originator

A total of 56 services is listed in the Carroll report. Further study
on available scientific - technical tape services is being carried on.

From the viewpoint of the objectives of the project, it will be necessary
to make a survey of the experience of educators in the utilization of the services
provided by science information services. At present educational institutions
seem to use the services provided by these centers only in research work, and
little utilization is made for the purpose of enhancing the effectiveness of ed-
ucational tocls end materials. Technology utilization by educational instituti
in these centers, such as the North Carolina Science and Technology Research
Center, Research Triangle Park, N.C., seems to be limited to the area of finding
information for graduate students in several universities that are a part of
the center. OSretana and Vlalker [Re%. 15] announce some of the results of
"lLiterature Searchics for Theses by Computer". They describe the results of a
two year progrem to provide low cost, computer-performed searches of the NASA
literature resowrce for graduate students. They found that 70% of the parti-
cipants( tsers) from all fields were enthusiastic about the program, and most
felt that their rescarch inmproved. Smetana states that the major complaint about
the program is tic lack of breadth in the HASA information collection, parti-
cularly in the chemical arca. Smetana also lists the number of searches and
their distributicn by major field for a period of 2 years, and it is found that
praduate students [rom the field of mechanical engineering have the maximum
participation.

Irom the table, it is clear that most of the STICs offer magnetic tape

services, But quive a few conterc have magnetic tope servioss available for their
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intemal -use only. Likewise quite a few centers have their microform services
available for internal applications only. But most centers offer these services
on a subscription basis. Hearly 50% of the centers selected offer a selective
dissemination of information service. A large mimber of centers offer services
such as abstracting, indexing, systems analysis etc., and for further details
of other services, see Kruzas [Ref. 9].

Almost all centers have hard copy retrieval, and most of the centers
are partially automated. The magnetic tape-oriented data bases have primarily
abstracts and index catalogs on tapes, and a few centers have the entire text
on the data base.

From the above analysis, it is apparent that there are virtually no
STICs which give science and technical information in the form of film, movies,
videotapes, slides or any other forms that can be readily used in an audio-visual
instructional system. From this it can be inferred that the educator community,
on getting the information from STICs, will have to transform it to the particular
form that is compatible with their mcde of presentation in the respective in-
structional system. Also it can be concluded at this stage of the project that,
in addition to hard copy retrieval, magnetic tapes offer a suitable medium for
the transfer of science and technical information from STICs to educational
institutions.

Iv, TABULATION OF OPERATIONAL CHARACTERISTICS OF SELECTED STICS

As is indicated Kruzas [Ref. 9], a large number of centers have re-
strictions regarding their available services. There are mechanized centers
which offer their services only to their employees in their respective com-
panies, and they do not offer any services to the educator community. These centers
are not included in the table. However in the subject classification of centers,
all the centers are mentioned.

In the table which follows, main operational features of a selected set
of STICs are summarized. The initiative outputs and the responsive outputs mention-
ed in III.2 are given in the table, as well as the existence of any microf irm ser-
vices, magnetic tape services, and selective dissemination of information ser-
vices. Data on microfarm services include form, size, and conditions of avail-
ability of microforms produced cr distributed by reporting unit. (Wote: In the
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table if the service is available, an X is placed in that colum. For further
details of available services, see Kruzas [Ref. 9].) For magnetic tape ser-
vices, specifications and availability of formalized tape service, as well as
locally maintained computerized date bases, is indicated, For descriptions of
Other in-house computer programs and app..” :ations and details of the centers,
see Kruzas [Ref. 9].

An X placed in a colum by a center indicates that the particular center
offers that service. If a colum is left blank, it indicates that no information
is available or that it is unknowr. In responsive outputs under colum 2, "Spec.

Document Search" is indicated in the table if the search in the center is a manual
one.
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VI. Conclusions

Currently the utility of the outputs from science information services
for educational systems is being studied. Carroll has gathered information from
representatives of all known commercially available tape services [Ref. 2]

s and
he lists the information under the following categories:

Name of Tape
Source

Contact - Representative for further information
Characteristics of the data base

Frequency of tape issue

Average number of source items per tape
Subscription cost or leasing details
Software availability

Tvpe of in-house service offered
Publications produced from base by originator

A total of 56 services is listed in the Carroll report. Firther study on

available scientific - technical tape services is being carried on.

Fram the viewpcint of the objectives of the STITE project, it will be necessary

to make a survey of the experience of educators in the utilization of the services

provided by science informaticn services. At present educational institutions use

the services provided by these centers only in their research work, and little
tilization ic made for the rurpose of erhancing the effectiveness of educational
fools and materials. Technolosy utilization by educational institutions in these
enters, such as North Larolina Science and Technology Pesearch Center, Research

langle Park, IN.C., is reported to be in the arec of f inding information for graduate
tudents in several universities,

In the Preceedires of the Arerican Seciety for Information Science, vol. 6,

Ref, 141, Smetana and Yalker arnounce some ¢ the results of "Literature Scarches

or Thezes Ly Computer". They descrite the results of a two year program to provide

of the NACA literature rosource for graduate
participants (usors) from all fields were
thusiastic alout he propram, and most “elt that 1

oW o0ty camuter-rerformed searches

tudents.,  They fornd that 709 of the

aeir research improved.  Smetana
ates that the rajer comlaint with the

program i the lack of breadth in HASA




information collection, particularly in the chemical area. Smetana also lists
the number of searches and the distribution of searches by major field made in
2 years, and graduate stucdents from the field of mechanical engineering had the
maximum participation.

The main interest of the STITE at this stage is to analyze the outputs
from existing centers and to investigate ways in which present educational
systems can benefit by these outputs, assuming that there is a mechanism avail-
able for speedy efficient transfer. The goal of the project is to devise such
a mechanism, and further research will be directed towards designing such a trans-
fer mechanism and testing it in the experimental phise.
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PART THREE

DESCRIPTICH OF LEARNIMNG INFORMATIO! SYSTEMS

I, INTRODUCTICMN

During the past fifteen years or so there has been an increasing
volure of research which is seeking to improve the quality of academic
level instruction, and to increase the productivity and influence of
teachers thrcugh the development and organization of instructional
materials and subject matter, and the use of various instructional media.
During the same period many new communication tools have been developed
and are available for use. The motivation for this research on teaching
and learning has come in part from the rapid growth in population and
from a predicted and actual lack of good teachers. This growing concern
to inprove learning is also due to the great expansion of new informa-
tion and to the rapid antiquation of much previously learned knowledge
as the result of technological change.

A rmajor task in the STITE project is to obtain a pragmatic under-
standing of the process erployed by science educators in developing and
structuring science learning materials. The major component of the
strategy used to tackle this task will be a descriptive analysis of the
existing learning systerms through the following sequence of actions.

1. Investigation of the "Socratic" situation in the teaching-
learning process.

2. Analysis of the process of developing materials (course

preparation, course development).
3. seription and design of programsed instructiolial materials.
4, Analysis of corputer assisted instruction.

5. Analysis of awlio-vicuul tochniques.
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€. Analysis of self-instructional systems.

This report is concluded with a tentative matrix which shows the
feasibility of use of the outputs of the existing information centers as
inputs to the learning systems.

II. THE TEACHING SITUATION

In the ideal teaching situation there is an interaction between one
student and one teacher. In this tutorial or "Socratic" situation, the
function of the teacher is that of a guide who presents the student with
ideas and probleirs suited to the latter's needs and capabilities. In
this situation the teacher has the responsibility of bringing the student
into direct contact with knowledge and must ensure that the material is

presented in such a fashion that the student can enploy his capacity for
logical analysis.

~,
< \Secondary

AN
N
N
Student Dircct Path Knowledge
N ”

~
~

~ <~ oo . ~Teacher _ _ _ -
Fig. 3

The abcve rraph illustrates the position of the teacher who doc/
not intrude into the learning process but is sufficiently in contact with
the situaticn to be able to influence it. Clearly, in the absence of the
teacher, learning would still be achieved, provided that the student was
sufficiently rctivated, but there would be no fuirantee that he would
follow the direct path, il might well follow one of the secondary paths
to learninge vhich would be less direet and probably more dilfficult to

travaerse,
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In case the teacher intrudes into the learning process, the student
is prevented fraom having direct contact with reality and has to rely en-
tirely upon the teacher's interpretation (or one interpretation) of the
subject matter. In so doing the teacher influelices the process of learning
by organizing and ordering his material in the light of the student's re-
sponses. This process of communication between the teacher and the student
is known as feedback. It is the most irportant feature of the tutorial
system bezause it allows the teacher to be extrermely flexible in deciding
the most appropriate approach to, and rate of development through, the
subject matter. At the same time, the student is canstantly being
challenged und is personally involved in the situation. He has to be
adaptable. The tutorial method, therefore, enables differences in student
intelligence, ability, and aptitude to be taken into consideration.

However a more detailed analysis of the teaching process, based on
the assurptions that the student has a memory and that the student has a
capacity, no matter how limited, for logical analysis, can be made. In
preparing, a lesson these two assumptions shouid be kept in mind, and the
student should be presented with a situation in which he can employ them.
If the assuaptions are balanced accurately, the lesson is likely to be
succes:fuly if however they are over or underestimated, communication is

certain to be ineffective,

then deciding on his lesson plan, the teacher uses his own memory.
He will recall the subdect matter, the individual characteristics and
persenal data of students, his past experiences when teaching the subject,
the previcus re:thods and techniques used and their relative success, the
topical and anccdotal information, and the object of the course of study

(czuminaticn requircants),

As a recult of this analysis, the teacher produces a basic teach-
ing plan, whidh i called his oiratesic teaching plan, in the full under-
standing that thisz will have to be mexdified as the lesson propresces.  The
material in this plan pust be oo well orpanized that it will help the
ctodnt to cooter e ot beeet ol aefiiove sueoesn, thue inereasing his

ot iv."it i Ol
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The teacher starts his lesson by presenting a stimulus to the student
which will provide sufficient challenge. This will cause the student to
call on his merory and his capacity for analysis, and so evoke an overt
respanse. This response is fed back to the student's memory for future
reference and serves as a form of partial reinforcerent. At the same
time, this should be noted and evaluated by the teacher who informs the
student whether he is right or wrong, thereby providing additional rein-
forcement.,

After this evaluation, the teacher must consider the next step in
the presentation of the lesson., Calling upen his previous experience of
teaching the subject, he may decide to change his original *eaching plan
because of the nature of the student's response, i.e., he makes a tactical
decision which he relates to his strategic plan and which produces the
modified second stirulus. This appropriate stirmulus is presented to the
student and the cycle is repeated. The teacher should note in his own
memory the subject.

This simple analysis, leads to an investigation of a more general
concept, that of course development. It should be noted that if a teacher
has a number of students in his class it will be virtually impossible for
him to arrive at tactical decisions which will satisfy the needs of each
and every student, for the situation of one student - one teacher rarely
exists in normal classrocms. This leads te an investigation of the
various technigues that are devised to irprove the settings with larger
groups and subsequently to analyze the various teaching devices that have

been designed to irprove the learning process.

III. HE PPOCITS OF DEVEIOPLLG SCIENCE LUARNING VMATCRIALS

1. Course Preparation

The most appropriate unit of science learning materials is the
course.  Several atterpts to define the "cource" have been made: M. Eraut
[Refon], for example, defines it as "a scparately time-tabled or separately

- ’

assoused Leash ne-loarmine wiit cccupying fron one-half to one-quarter of




a student's time over one, two or three terms." Others define it as a set

of units where a unit is an integrated part of information which can be

studied and assimilated by the learmer over night.

The STITE project approach will be to consider the course as a
system in which students, teachers, and learning materials interact and

to define the course development as a process of optimization of the

system.

Before analyzing the system, mention should be made of the most

common learning "experiences" that are used in course planning:

1.1 Materials:

1.2 Instructional
Methods:

1.3 Assignments:

textbooks

supplemental required or opticnal
readings

current periodicals

syllabi

slides

films

tapes

recordings

television

programmed materials

computer assisted instructions

lectures

discussions
denonstrations
problems

individual conferences
seminars

fguest speakers

telephone interviews

readings
problams
I)Cl} wro

oral reports




1.4 Activities: - laboratory
- field trips
- observation
- internships
- work experience
- travel
- public lectures
1.5 Evaluation
Methods: - objective tests
- essays
- papers
- reports
- participation
- self-evaluation .

Obviously no one course of the common three-to five-credit variety
extending over one quarter or one sermester can effectively employ all the
preceding elements. Moreover, the choice of experiences made by the in-
structor is often related to his own activities and ideas rather than to
the objectives of the course. Thus as far as "course preparation" is
concerned there is not a systematic way to analyse it and to devise a
prototype; all that can be gained is some insight into the teaching-

learning process.

2. Course Developrent

In considering the course as a system and in defining the
course developrent as an optimizaticn process, a natural question arises
here: what i1s to be eptimized? The answer will constitute the prupose of
the present section. The system being considered is an input-output sys-
tem with a very complicated functicnel relation from input to output.

Specifically three types of input can be cefined.

2.1 The student input defined as a set of definite char-

acteristics in terms of knowledge, abilities, and attitudes.
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2.2 The teacher input defined as a set of definite char-
acteristics in terms of knowledge, abilities, experience and
record.

2.3 The material input defined as a set of constraints or
conditions on the expenditure and level of learming material.

Clearly, none of these factors is likely to be tctally predetermined. There
is usually some scope of adjustment, and the implication of this is that
any atterpt to define the functional relation which exists from input to
output in an input-output system will fail.

The output shall be primarily what students can do at the end of
the course.

It should be noted that the question of optimization is relative in
the scnse that there are usually a number of alternatives: one may aim to
improve effectiveness by inproving the student's performance at the end of
the course; one may aim to improve quality by raising the level of the
objectives of the course; or one can improve efficiency by reducing costs
and maintairing the same output. The best policy is usually to set general
guidelines for optimization at the beginning and to choose the appropriate
attributes according to the final objectives of the course (without under-
estimating the requirerments of the following course when applicable).
Moreover, assuning that an appropriate plan of action has produced a ver-
sion of a course, the next step would naturally be to evaluate and feed
the information cbtained from tryouts into a revision process. Conse-
quently evaluaticn rrocedures must be used. There are several evaluation
procedures, areny, wi.ich are the formative evaluation [Ref. 10], and the
sumative evaluaticn., . for formative evaluation the emphasis is on ob-
taining the kind of Liluumation which leads to improvements in the quality
of the final version of the course, while in the suminative evaluation the
erphasic is on totals and counts. In other words, one is more interested
in the reason wiy a student failed to grasp a concept than in precisely

haw many ctudents failed to grasp it.




3. The Design Process

The following flowchart summarizes the main stages of the course
design process:

Analysis of Inputs
&

First list of
Objectives

Purther Specification Problem Strategic
of Inputs Analysis >‘ Decisions
and Objectives

T T T

\/_

Objectives Testing Subdivision
Been the Whole of
chieve System the System

yes

9[ Inplementaticn

Fig. 5




A beginning is made by investigating the inputs (the student input

and the course input) and by specifying the intended outcomes of the course

and what is to be cptimized. Then a rrocess of evaluation is selected and
the one used will be the forrative evaluation for at least some parts of
the course. This commitmont to formative evaluation is necessary for the
developrent and irprovement of the course.

Now ‘hat the system is conpletely defined, the objectives of the
course, are specified, an appropriate set of methods of assessment is
selected,and a rore precise analvsis of the student input is made. Some
testing of studunts to see what knowledge and abilities they bring to
the course may be necessary. The the main teaching problens in a course
are defined, and an estimate about which areas cf the course are likely
te cause the greatest difficulty is projected.

Following this problem analysis, sore strategic decisions have 'to
be made. The course should be subdivided into parts with a definition of
the intended outecre of each part. Broad decisions about the type of
experience to be used in each part of the course rust be made, and these
decisions obvicusly depend on the nature of the course on the institution
vhere it is coffered, and on the facilities available.

low the previous precedure is applied to each part. Finally the
whole ccwrse ie anzinalad, tried as a whole, and iplemented if the tryout
is sativfactory. i the tryout is unsatisfactory, the process may be re-
peaten.  (Clearly the cost factor plays as important role),

3.1 1 wther Specification of inputs = At the acadanic

level, not 21l studants entering a course

will have v s caparilities and the same backsround. For some

coures this is not sienificant, but for other: a precice knowledye

of student input is usunetines necessarv to obtain the appropriate

evidonee, It 1

]

particalirly drgertant in this context to avoid
making the usual ascwition that all students should e required
to o o h all the coirve, Fitting a coumrse to the AV

student e voretisor s dead to Bicantep: the Lelov-average student

may e Lo e b and Ut love=averaen ntucent Ly be boereds 1t may,
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however, be necessary to maintain a minimum entry standard for a

course, and this is one possible reason for institutine a pretest.

3.2 Further Specification cf Cbjectives - This is a very critical
phase of course develcprent. It can be devided into three stages
according te the three levels of objectives outlined by Scriven [Ref. 10]:

- the conceptual level: the level at which discussions of

breadth versus depth and knowledge versus camprehension are

carriad out and the structure of the course is outlined.

- the manifestational level: concerned with ways in which a

student's achievement of an objective can be demonstrated.

- the operaticnal level: def ines an objective in terms of the
precise means by which it is to be assessed. Objectives at
this level arv called "behavioural objectives' because
ultimately objecti.s can only be assesseu by observing sane
aspect of a student's behaviour. According to Mager [Ref. 71,
the characteristics of a behavioural ohjective are as follows:
a. Specificaticn of the kind of behaviour which will be
accepted as evidence that the learmer has achieved the
objective.
b. bescription of the inportent conditions under which the
behaviour will be expected to occurs. '
c. Description of how well the learner must perform to have

his behaviowr considercd acceptable.

3.3 Problem Analveis - In this stase we try to locate areas of
the courue vhich arme litely to cause problers for teachers or students.
Sources of Anformetion on 1ikelw problems include renearch litera-
fure on teactdns amd Learning, previous perforisnce in the courue
or in similar comaes, and expericnce of other institutions.

ey

3.4 Stratecie ecioion = They include a desaription of the

teachine mothots o e urned and ihe learning material Lo e developed.
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Iv. PROGRAMMED IMSTRUCTIONAL MATERTALS

Prograrmed instruction is coming to be rvgarded as a means of allow-
ing users to achieve important instructional objectives without the necessity
for the instructor's personal intervention as a "dispenser of knowledge."
The following aspects of the topic will be examined:

- Characteristics of the process itself.

- Process of program development.

- Sore types of programming strategies.

l. Programned Instruction - A Process

A process can be defined as a cantrolled sequence of events
leading t> a desired outcome. Programmed instruction is a process. It is
a sequence of events leading to a set of desired instructional outcomes,
each time the sequence occurring as designed. In fact Markle [Ref. 1] de-
fines instructional programs without reference to format: "We define an
instructional program as a reproducible sequence of instructional events
designed to produce a measurable and consistant effect on the behaviour
of each acceptable student .... Such a definition specifies neither the
medium of presentation nor the theoretical psychological principles
governing progran construction.”

Perhaps here programied instruction should be conpared with

ordinary instruction.

According to Corey [Ref. 1], since piogranmed instruction refers
to a well-dirciplined  and experimental approach to the development of
instances of systems of instructian, the:w are several characteristics of
thie discipline and experimentation that depart fraom most instances of
instructional tlamning. Uere differentiating characterictics are the care
anc explicitnean with vhich the behaviors intended to be the outcones of
Instruction v desceriled, the poycholopical cophistication of the analysis
of thove behavicru, and the experim-g, colappreach to sequencing the elements
resulting fron thic amalyais {or instiuctiona] purposes, ol vigorous

attention to vxpivicwl evidonee for inproving, the instruction.  Another

chiiracteristic of prosraiaed instraction is the cuaviul development and
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cantrol of the instruction stimuli or the instructional environments., More-
over prograrted instruction is planned to procure a continucus and explicit
response or activity on the part of the learner under circumstances that

allow him to know at once whether or not his responses are appropriate.

Two additional characteristics of most instances of programmed
instruction have to do with the difficultyv of the behaviors (standard or
level of performances) beins taught and the relative self-sufficiency of

the instructional program in bringing these hchaviors about.

0f course, many of the more familiar types of instructional
materials also have same of these characteristics. Textbooks, for example,
are usually cirefully planned and developed, they lead the user from sinple
or known concepis to those more camplex or sophisticated, and they facilitate
some self-instruction. However, the program is designed tc develop student
behaviory the btock is characteristically designed to present a given sub- |
ject in more or less depth. the program is tested and modified until the
desired behavior is achieved on the part of the studentj The book is
nodified until either, colleagues, and publisher are pleased with the
content.

Soime advantares claimed for programmed materials are that they
permit individualization of instruction, can reduce the amount of time re-
quired to teach, can irprove the level of performance and roduce the
incidence of {ailure amng students, and permit assessrment of reasons for

successful and uncuccessful expericnees.

2, Tho Precens of Preeran Developnent

As a miniiven, seven basic steps may be seen as required in
developing »Mective prorramed Instructional materials,  They can be

diagramed in the follawing wo/.




Evaluate

Develon
Criterion )
Tosts
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Thus the steps, in their usual order of occurrence, are:

2.1 Analyze and specify intended results - Define the scope of
knowledge to be acquired by the student and the details of the
task he rust perform after instruction.

2.2 Analvze and pretest the student population to be taught -
Find out who they are and what they know and can do before ex-
posure to the instructional progran. This data should include
their physical characteristics and abilities, previous education
motivation, interests, attitudes, biases and prejudices, and
specific prior knowledge recarded as relevent to the instruction
ahead.

2.3 Develop and write down appropriate instructional
objectives - These should be clear statements of inctructional
intent characterized as follows:

- good objectives say something about studerts.
- good objectives describe the behavior or performance

of users.

good objectives deal with ends rather than means.

They describe a product rather than a process.

good objectives describe the condition under which users
will perform the terminal bei.cvior. (open book or not,

for exarple)

good objectives include information about the level of

perfo.mance to be convidered "acceptable."

2.4 Cpecify the criterion tests - Criterion tents are con-
structed solely from the objectives.  Their purpose ig to determine
how well stidnts perform at the end of instruction with respect to

each impertant objectine.

2.5 tpite the prorres = Dovelop details of the program in
writing ac o plan based upon all the forvroing and fellowing pro-
codurva, A mejor tack connected with this step i that of

colecting or developine appropriate Toarntiing, rosoilrecs wouch as
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prograrmed books, ordinary books and other printed materials, various
non-book redia, firsthand experiences) and organizing their use to

achieve cbiectives of the progjrai.

2.6 Evaluate the success of the program - Compare the final
performance of each student with criterion measures suggested for
each irpertent objective, under the circumstances and within the

levels of acceptability prescrited.

2.7 FRework ard improve the program - This is a continuing cycle
of activity which will involve further work with all aspects of
the progran - delireation of objectives, clarification of criterion
tests, revision of program content, developrent or selection of

improved learning resources, and better means of evaluation.

The following flow chart, constructed by the National‘
Society fcr the Study of Education [Ref. 1], shows the numerous
points of decision and testing involved in the empirical develop-
ment of corplex instructional programs. It also emphasizes the
definitencss of intended outcomes as well as the structured nature
of the p:rucess itself (cne step leading to the next, recycling as
necessarv to irprove the product until it reaches its goals).
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3. Types of Programming

The known types of programraing can best be classified in two

broad groupings:

3.1 Linear Prograrming - A linear progran is one in which the
sequence of information presented to the student is fixed; that is,
all students are given the same stiruli in exactly the same sequence.
Two kinds of respanse have generally been asked for in the linear
prograrn.

-A written or button-pressing indication that a correct

answer has been recognized (e.g. multiple-choice item)
-A written indication that an item has been learned or
understood.

(These linear program patterns have a historical base in
the early work of Sidney L. Pressey and the rore recent work of
B. T, Skinner). With both kinds of linear programming,
all students are required to complete the same items in the same
order of prurression through the program. Learning tasks are pre-
sented in small steps and with a large number of learning cues.
Howover, the ultirmate objective is to use as few cues as possible
and to force the student to derive his answers from understanding

the frames. leinfcrconent of correct answers is the primary
concern.” The prorran rust e corpletely self-contained and ade-
quate to carry the student from start to finich without aid from
other sourca. In linear progracing, adaptation to individual
differencen 1o rot carried cut by the program itself, but rather
by ellowin: euchi lesrner to take whatever amount of time he
requires to conpliete it,

3.2 Adaptive Pro;ramsing - Here the presentation sequence is
ajusted on the basis of what the student doen. A proqram may be

doenifnad to be wore or loss adaptive; it moay select the next rre-

e

centat

cn itesnoon the asls of suidwnit's respense to the poevious

cne or cn the basis of his recpont s Lo the last several dtens.




Adaptive programming provides for individual differences.
One form of this type of prograrming is called "branching" (deve-
loped first by Crowder [Ref. 4]. With the branching pattern students
are required to recognize and to choose correct answers if they are
to proceed without "relearning detours" (corrective assignments) or
if they are to skip program portions for which they already possess
sufficient skiil or knowicdge. Branching programs are p.ovided in
. books, "scrazbled bLooks" or cn machines (which use filmstrips and
present infcrmaticn and tasks on individual frames). Either wav, the
student respends to a question and is directed to another page or
frame wvhere this respense is evaluated. There, if his response is in-
correct, he is given further information, usually including some
explanation of why he was wrong. He may be told to return to the
original page and try again, or he may be asked to go to a new.
page for rmore information before trying a somewhat different
version of the sane question.

Branching questicns are not always dichotomized as "right"
or "wrong." Sore questions or problems call for opinions or trouble
shooting decisions and so have more then one appropriate answer. In
the event that responses reveal ccize fundamental lack of knowlodge
considered necessary to proceed with the program, students ray be
subzequentlv "branched" into side studies to prepare them to take
the next steps in the "main line" of the progran.

3.3 The lwvolution of Prorramming Strategies - The following,
graphical cutline surpests the idea of adaptability of a program

and the reason Tor different progran presentation nethods.




9l

‘ Most
Adaptive
Computer : Hirhly Adaptive-sensitive to content
regponses even possibly to personality
Electromechanical or to physiological responses
Mechanical Teaching Machine Branching-Limited adaptive based
upon 2 or more responses
Printed Paper Prorram
Branching-based upon single previous
Teacher Lecturing responses; or linear program holder.
Branching or linear, as immediately
above,
Normally linear, with numericel
feed back and adaptation
least

¥ Adaptive
Fig. 8

3.4 Teaching with Programmed Materials - It is reasonable to
expect that all teachiers ought to be prepared to learn how to use
prograrmed materials selectively, to learn to capitalize on the
special acvantages of prograrmed instruction, and to be guided by
the knowledye that the primary aim of prograrmed instruction is to
improve learning. .

V. COMYUDR - ARZTSTED THNETRUCTION - CAT

1. 'l‘ypw = Computer—assisted instructicn hes multiple definitions

which arv related to a varicety of applications of such systers. Perhaps
the bast functicnal definition was derived by Suppes [Ref.11] ,who identified

three kinds of detivities as comprising CAl.  Theoe were namnly:

~ Drill and practive activities.
- Tutorial activitice.
- Interactive or problen - solving activitices.
Alroat all indications affirm that the primay @ea of interest
hews boen In the Glerdal ol of dnclructicn. Thic mode clearly represents

the tvpe of tearhinge which io swrently available in proeceosaeod instruction,




For exaple, a content area is systematically analyzed and performance
objectives are developed. The student receives all of his instruction in

a particular topic via an interactive dialogue at the cauputer terminal.

The second type of CAI, the drill and practice type of activity,
is best represented by Suppes' activities at Stanford. The drill and
practice materials ccntain infomation which the student has previously
encountered in the classroom, but needs continual practice, irmediate
feedback, and repeated presentations of difficult material in order to

achieve these busic skills.

The third area within the Suppes definition of CAI activities is
that of prchiem colving. CAI problem solving involves the activities of
sirmulation or geming. Gaaing and sirmlation are often used when a student
already has the basic information about a topic. The student is required
to utilize this infcormaticn in his interaction with the camputer in order

to derive a deeper understanding of the concepts which he has learmed. Tor
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exanple ozis simulation is a prototype of this type of CAIL.
Canes and sinulaticns are generally very difficult to progran, and this
area has probelly been least investigated in terms of its learning poten-

tialitles for the student.

2. CAT in the lemmins Process

Almest all opinions arrec that the use of computers for record-
keepine of inctiuctional raterdals or even as aids to assist the teacher
in coing tine conmuming toeks (prading hooework, exans, prepaving prudcs
etc.) is not wertiwiile for a very simple reason: cost is prohibitive in an
porational sevtins ab the present tine.  Furthertere the problen is not
to help the teadeer DUt to onbime e chances of praxoting the learniug
precess as a wholes To vhat ex ot e on ocorbine effe cctively computer
use with existing teachdns cxporiences feomputersbased nulti-redia

it 8) for e prpene of dmproving the learmmine process is still in

1 e poserad, oy doevela ment stares,

Hetsovor, ot cxcoricont in this area ves carvied out In Flerida

Stove Undweersies (390 ¢t Starmine the weful aspects of the precoers.
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A physics course was cnosen and the following actions were undertaken to

transforn it into a camputer-tased multi-media course.

The lecture presentations of the professor who was responsible
for the classroc version of the course were video-taped. This tape was
utilized to do an analvsis of the content of the course and to determine
the infermatisn which was being presented to the students. Copies of the
course tects were zooured, the types of skills which were required in order
to solve the questicns in these tests were analyzed, and the homework pro-

blers wWitlch the ctudents were required to do were also analyzed.

A series of CAIL homework review problems was set up and made
available on an cytional basis to the students in the regular physics
course. The students were offered an cpportunity to get homework and
test-like questicns which were similar to those they would be receiving
on the test. The corruter supplied answers to the questions as well as

rermedial feecdback and reinforcecrent.

A great deal of data was gathered and the video tapes were
used to go about the developrrnt of the individual lesson sequences. It
was decided to merie the CAI phvoics cource a multi-media course, i.e., not
to depend solely upen the conjuter as the presentation device, but to take
advant=ye of £ilm loons preduced in experiments usually carried out by
the instructor in the classrocin, the audio tapes which were compress sed
veraicii: of norn of the lecture presentaticns, and the te:-:tbook which

the stulients wiere reguired to read prior to starting a lesson.

The CAT eysterm itoelf was used for menitoring and guiding the
students throu . ar the lesseona, for continually reviewing their pro-
cress in both the tectine and review mxde, and for providing renedial

information to ther. Sl of forts of several profesceors from the physics
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depaariient, wore oerbined at of ceveral M"eocderc!" (erperts in the
CAT e utiticed by thei (':o.'.'rpt'.*-_m") and prograniers to develop and

co«::;\lof.r_' the: whle svetom. Finally, proctords were Loed to work with
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The outcome of this first study was a significant superiority in
the final rrades of the students who took the course by CAI as compared to

a matched sarple of students from the conventional course. There was also
a considerable time savings.

3. Conclusicns About CAL

A careful analvsis of the preceding activities and of the results
obtained reveal the following propositions about CAI course (curriculum)
developrment:

3.1 The systems approach to the developrent of instructional
materials is introduced as a model (Dick's) [Ref. 3],and summarized
in a flow chart. The steps in the rodel are: problem identification,
analysis of the task, knowledge of the student population, formulation,
of behavioral objectives on the basis of the behaviors expected of
the students on the tests, specification of the instructional strategy,
nmedia selection, field testing, and finally the formative evaluation.
Here the similarities between this model and the steps specified in -

the section titled "Course Developrent' should be noted.

3.2 The instructional model employed above was derived from the
results of nuierous rescarch studies [Ref. 61],conducted at the CAI
Center at Tlerida State University and elsewhere, which seem to
indicate that wiile tutorial CAI is an effective instructional
stratery, it is unlikely that it is going to miake a significant
inpact on educaticn becance of the cost associated with one student
ulitizing a terminal for relatively long periods of time during each
instructicn:l sersien. Therefore, other types of computer strategies
(¢irmlation, cn=line preblen solving, C1I) should he investigated to

determine the rele they can play in education,

3.3 The hirher the terminal eriterion performance expected of
the students Tor whonm the materials are preparcd, the meore difficult
will be the propraming of the courve and the rore conplex will be
the instructicns] otratesy,  These corplexitics will carplicate the

devieleprent of dnntructionsl materials,
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In conclusion, CAI is a tool which should fit within a
curriculum and within instructional setting. That is, it should
not carry the entire instructional load but should be part of a
milti-media resource. One concept to keep in mind, however, is that
the greater the variety of media which one chooses to employ, the
more camplex will become the logistics for the student and the more
difficult the total implementation process.

Finally, the very nature of the CAI system makes it a very private
learning situation in which the student can make numerous mistakes and the
camputer will continue to provide him with the type of material which he
needs in order to master certain basic skills. The same situation repeated
in a classroom could be embarrassing and humiliating. Moreover, the cam-
puter has infinite patience and can even be supported in its interacting
with the student. )

VI. AUDIOVISUAL TECHNIQUES

In this section the use of audio visual techniques, their research
evaluation, and various theoretical interpretations of their significance
will be surveyed. The techniques of educational broadcasting, particularly
the use of educational television will also be considered. The main pro-
blems and challenges of audiovisual education today revolve around the use
of television, which not only constitutes a new and important technique in
its own right, but also serves as a means of utilizing and integrating
all other forms of audiovisual instruction.

1. Educational Significance of Television

A1l indications are that radio brvadcasting orginated in educa-
tional purposes, but while educational radio has extended university in-
fluence in several special arcas, it has not influenced classroom teaching
techniques to any great extent. On the other hand the educational signi-
ficance of television was recognized from its inception, but the costs in-
volved delayed its application to educational purposes. However, with new
recording techniques, it is no longer the cost factor that is delaying the




use of educational television but the importance given the camputer in all
research in science education.

Educational television makes use of two types of transmission: broad-
cast or open-circuit, and closed-circuit. The latter uses closed-circuit
camera-monitor chains linked by wire and is less expensive. Color televi-
sion and sterenscopic television have limited use in education. Color
saetimes is used for medical and biological demonstrations, and stereo-
scopic displays are valuable in training remote control techniques. Tele-
vision recording capabilities make possible the storage of unusual demon-
strat lons for instructional use, and immediate playback of a televised re-
cord is valuable in training in complicated or dangerous skills.

Educaticnal television is a natural medium for many specialized demon-
strations of laboratory, therapeutic, and medical procedures. However, much
educational television teaching is conventional in nature, following
established procedures of lecturing with coordinated visual displays.

The point has been made earlier that one of the most significant
characteristics of television as an educational medium is that it can incor-
porate all other forms of audiovisual display, i.e., any type of visual or
 auditory material can be transmitted by means of television. There is a
teaching system called "telemation" which does indeed incorporate all audio-
visual techniques but in a somewhat more elaborate fashion than that pro-
vided by television alone. The main purpose of telemation is to provide
four or five sources of audiovisual stirulation to the student automatically
and, if desired, simultancously. Telemation has been referred to as an
autamated classroom. The audiovisual equipment is: two slide projectors,

a movie projector, a tape recorder, teleprompter units, an opaque pro-
jector, a four-speaker sound system, controlled lighting, a television
projector, and an elaborate system of electronics to control all these. The
cost of modifying a classroom and installing the equipment is quite high.
Morcover no cducaticnal advantage has been achicved with the telemated
classroan that could not have been gained with simpler equipment at a
fraction of the cost.
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Finally the common motivational interpretation is that audiovisual
* devices function as aids to learning by arousing interest and orienting
the student in the right direction.

2. Evaluation of Audiovisual lLearming

The main results may be summarized as follow-:

2.1 Studies of the motivational effects of films and graphics
have had inconclusive results. There is no conclusive evidence
that interest in instructional materials correlates highly with
their teaching effectiveness.

2.2 Audiovisual techniques in common with other instructional
methods have very specific learning effects. Films may be equal or
superior to conventional methods for some areas of learning, includ-
ing training in perceptual-motor skills. Tape recorded lectures may
be as effective as live teaching for limited purposes.

2.3 The audio chamel is more effective than print only for
poor readers or when the material is easily understood. Evidence
indicates an advantoje for combined channels over a single chamnel,
although the addition of pictorial material to verbal sometimes
retards learning of the specific items used.

2.4 Evaluation of audio~visual instruction are hampered by the
fact that there are no adequate tests of nonverbal learning. Verbal
tests favor verbal instruction and thus do not permit valid com-
parison Letween verbal and nonverbal media.

2.5 There are no general rules for sequencing demonstration,
practice, and review units. The optional sequence appears to depend
on the complexity and intrinsic organization of the particular task.

2.6 In general, active participation during film showings aids
learning, but covert participation may be just as beneficial as
overt. Audiovisual materials should be designed to elicit the
desired responses, either overtly or covertly.




2.7 Special embellishments of films and graphics do not increase
learning unless they aid specifically in making important discrimina-
tions or in pramoting understanding. Devices that call attention to
important points aid learning of those specific points.

9.8 There are no significant differences between the effectiveness
of television teaching and that of conventional teaching.

2.9 Although "educational television" is judged to be an effective
way of demonstrating laboratory and other procedures, sane evaulative
studies have turned up no significant differences between the achieve-
ments of television and that of verbal laboratory instruction.

2.10 The final worth of educational TV must be judged on the basis
of what it can do better than other techniques. Its special features
are remote transmission of audiovisual displays, immediacy, presenting
demonstrations, expewt teaching and timely events, and recording and
retrieval possibilities.

VII. THE SELF-RISTRUCTION SYSTEM, "ALF"

1. Components of A Self-Instruction System

Slamecka of Ceorgia Tech describes a self-instruction system as
a tutorial system characterized by the absence of the live instructor as
the dispenser of knowledge.

The components of a self-instruction system are a structured
merory and a prograrmed preceptor. The memory stores learning materials
in a form suitable for transmission and for perception by remotely located
Jearmers. It contains learning units of variable length, stored in a
form suitable for perception by the learner through his aural and visual
senses. The minimum necessary storage includes the primary information
contained in a black board lecture, i.e., synchronized narrative speech
and kinectic graphics. Fach "audio-graphic" learning wnit is identified
with respect to its objective (learning goal), and is linked to its pre-
ceding prerequisite unit or units. Thus for any given learning goal the
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-

optimal, the shortest, and the alternate "lists" of learning units can be
specified. Additional description of learning units by subject permits the
identification, via an index, of subject-related presertations.

A programmed preceptor controls the transmission. It is programmed

to transmit learning materials from mrmory to remote locations such as
classrocm and other types of conveniently located learning sites.

The control over the system is partially vested in the programmed
preceptor, and in part it resides with the learner. User-imposed control
over the system is of 2 types. On-line control gives the learner the
ability to start, stop and repeat a presentation and to jump at any time

to any other learning unit in the system. Using these conmands, learner
can orient the selection of learning units offered by preceptor, and in
such a manner participate, on line, in the design of his learning strategy.
There is a second control mechanism which interposes between learner and
preceptor the services of a human tutor; it is tantamount to an appointment
or a conference with a teacher prior to overriding the programmed preceptor.
Incurred in this type of cont.ol will usually be a time delay.

The self-instruction system operates in two modes, scheduled and
on-demand. Scheduled operation is authorized by preceptor programmed to
release a predetermined schedule of presentation, each running for a
specified period of time to specific learning sites, and at specific times.
In the on-demand mode, preceptor receives and responds to requests for
transmission of random learning units or unit sequences issued fram open
Poth medes of self-instruction can serve, optionally, either
, a class) or individual learner.

classrooms.
group audiences (e.g.

The self-instruction system can be shown schematically as

follows:
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> Delay

Tutor

Fig. 10

2. Audiographic learning Facility (ALF)

2.1 Objectives- The Audiographic Leaning Facility is an
example of a self-instruction system. The main
" objectives of the system are:

- to define the minimum content of memory necessary for
adequate self-instruction.

- to develop a model of the self-instruction process,
and to describe its pedagpogic requirements.

- to define a unit of learning materials suitable for

self-instruction, and to specify its content elements.
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- to define the data elements required by preceptor for
the purpose of designing and effecting valuable leaining
strategies under program or learner control.

- to store in memory a small subset of knowledge for ex-
perimental self-instruction.

- to design a physical facility permitting the demonstra-
tion of self-instruction by group and individual
learners.

- to obtain gross initial indicators of the self-instruction
system behavior, economics, and effect on human learner
and teachers.

2.2 Characteristics of ALF - Thz main characteristics of ALF
are its storage of narrative speech and line graphic "blackboard"
Jessons as the modular contents of memory, and its capability of
actively involving learners in +he design of their learning
strategies. The communication between preceptor and learnmer and
the transmission of audiographic learnirg materials employ standard
telephone lines.

2.3 Conclusions - The analysis of the ALF reveals the following
conclusions:

- the learning materials stored in audiographic form con-
stitute a significant improvement over average live class-
room instruction with respect to the following qualitative
factors: organization of the subject materials, clarity
of presentation, and economy of time,

- devices and descriptors can be devised which cumula-
tively comprise a dynamic, relational index to the logical
and pedagogic structure and to the use of large bodies of
substantive knowledge stored in the system.

~ devices can be devised and included in the memory of the
system to facilitate learning diagnoses and self-testing
by lecarner.
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- the joint use of these devices and the preceptor's record
of the structure of the stored knowledge enables the
learner to furnulate and revise on-line, efficient, and
effective learning strategies, and thus to compensate for
the absence of a human teacher in self-instruction.

- the development of the memory contents is highly economical
in comparison with other media of instruction, both live
(classroom teaching) and recorded (television, prograrmed
and computer-assisted learning); the preparation of a 60
minute audiographic lecture, including the organization
and recording of materials, requires approximately five
man=hours of effort.

- initial reactions to the ALF by students and faculty are
not discouraging.

VIII. CONCLUSION

This report is concluded with a tentative matrix, which shows in
its entries the possibility of using the outputs of the existing informa-
tion centers in the design of inputs to the teaching devices already
considered.

Clearly, a more detailed study of this matrix is required (classi-
fication by subject matter, level of difficulity, etc.) to obtain an analysis
of the potential information requirements for new educational tools and
systems.
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PART FOUR
DESIGN AND OPERATION OF THE STITE SYSTEM

I. EXAMPLES OF FEATURES OF STITE AND THEIR POSSIBLE USES

1.

3.

SearchiggﬁFunctions

1.1

1.2

1.3
1.4

1.5

Simple information retrieval, facts, specific knowledge,
tables, materials, chemicals, temperatures, etc., as re-
quested from outside or as supporting processed request.
Literature or research report rctrieval relevant to
certain topic, list of existing courses a: universities
or other schools, lists of lectures, actual or planned
for future.

Special lists of new information availabie.

Lists of knowlu.lgeable professionals available for direct
requests, discussions, or advice and arrangement for their
comnunication, including voice, picture, and drawings.
Existing methods or programs available commercially, or
available through agreement with public or private owners.

Switching Functions

2.1

On-line demonstration at site, SI, based on materials owned
by site, S2.

On-line live demonstrations of unique biological, medical,
physical, chemical laboratory experiments or rare experi-
ments and procedures.

Live lectures of distant lecturers, classes and group dis-
cussions by remote participants, facilitation of partici-
pation in problem solving processing for remote partici-
pants.

Internal Featurcs

3.1

Course design - automated grouping of subjccts into sub-topics
based on the material, knowledge of the class, intentions,

ctc., aud coursc updating with new iuformation.

105
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3.2 Demonstrations prepared from retrieved materials, films,
special formatted data, graphs, and closed circuit TV tapes.
3.3 Semi-automated or fully automated preparation of quizzes

or tests, their evaluation, recordings, statistics, and grading.

II. THE TEACIGR'S ROLE IN USE OF STITE SYSTEM

With the increasing power of the STITE system to provide information
to the teacher and making much of that information directly available to the
student as well, the role of the teacher in the educational process will
gradually change. The uniqueness of the educator's knowledge will be aug-
mented by his access to STITE. On the other hand, however, automated search
and retrieval transmitted directly to a student will eliminate the necessity of
the possession of that knowledge on the part of the teacher. In more' .
advanced uses of STITE the teacher need not even be fully aware of the exact
~ information being transmitted.
A two way shift of the role of the educational process can be envisioned as
a result of both increasing power and use of STITE. In relation to the student,
the teachers' interface will be gradually described more and more in terms of
advisor, planncr of education, manager of educational process, or strategist
of cducation, rather then being the direct transmitter of the specific knowledge
and cxperience as it is today.
In relationship to the educational process, the teachers' experience
in research and in educational methodology will be utilized more toward improve-
ment of the STITE system and less toward direct work with students,‘though the
latter probably will not bc completely elininated. Improvements in the methods
of presentation of the transferred material and in the degree of sophistication
of material will require that the personnel in charge of those improvements be
at least on the level of today's educators in terms of their knowledge, educat-

ional experience, and rescarch qualitics.




III. OPERATIONAL_ SCHEME OF STITE

1. Definitions

1.1 STITE system - Scientific and technicel information transfer
for education.

1.2 Request (RT) - A task directed to STITE by an Educator.

1.3 Request schedule (RTS) - A schedulc which is a result of
the first operation of STITE on the request (RT) and which
lists necessary activities and their sequence.

1.4 Process for development of the schedule (PRTS) a schedule
under which RT will be processed, listing future activities,
tneir sequence, and conditions for their implementation.

The process, PRTS, can be performed initially as human activity which
will later be made a man-machine interaction and finally fully automated. PRTS
has to decide the activities necessary for complete processing of the request
such as:

-input formation.

-request for certain information.

~request for help or human intervention.

-order in which the activities are to be performed.
~conditions if more than one activity precedes.

-que information as to the importance and urgency of each activity.

2. Description of Scheduling Technique

The scheduling technique will be similar to PERT-system scheduling,
or the PETRI - a system in which a collection of activitics is prepared and a
netuork is created showing which activity and under what conditions the system

can be activated. The schedule is made in the form of a directed graph where
nodes are the activities and arrows show their ordering. Any activity can be

started if, and only if, all activities of preccedings nudes have heen successfully
finished.

For cxample, lct Al, AZ’ and A3 be activities ordercd by the graph.

Ag7’}lO
Al/; AZ As /A7
As 7’ /\8 A()
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Let Al’ AZ’ A, represent accomplished activities. Then activities that
can be started at any future time are AS’ A6, AS’ while Alo still has to wait
for Ay.

Let:

A = set of all activities
Ak = activity k

Ag, b =1,2...b = set of all immediately preceecing activities Ak’

0 = value of unfinished (started or not started) activity
1 = value of finished activity

Then the condition for starting activity Ak is:

kK k _
TA = Al . Ay oo Ay =1 (1)

for networks with one alternative schedule or
LUAy = 1 or B(Ab) =1 (M2)
For networks that contain more than one alternative schedule, where I, I,
B stand for Boolean sum, Boolean product and Boolecan expression, respectively.
Assuming that there are also external conditions Ck for the initiation of
Ak (c.g., the centre that is tokbe interrogated by Ak will be closed next month,
etc.) and that each condition Cm Ck, m=1,2,..m described as Boolean

variable where:
k

Cm = 0 = condition is not satisfied
C; = 1 = condition is satisfied
Ck = B(C:) is a Boolean expression describing outside conditions for

initiation of Ak

then (M1) is replaced by

TA . C= A Apuddy B(cK) = 1 (13)

for onc altcrnative schedule and (M2) is replaced by
in Ay n(c;) s 1 (M4)

for multialternative schedule.




~ Regarding the activities as Boolean variables offers adequately powerful
representation of the graph (with all alternatives) enabling representation
of the graph in the form of Boolean conditions and use of the graph for control
_ of the corresponding start of activities in proper order.

In case of an alternative schedule, strategy must bc determined which will
decide when and how available alternatives will be chosen. Examples of the
strategies:

-try less expensive alternatives first

-try the fastest alternative first
-follow all alternatives at the same time
and stop when first one is implemented.

Two alternatives will be followed in our research:

-representation of the whole schedule in .
form of Boolecan condition suggested above.
-representation of the schedule in graph-

table with conditional transitions.

After both approaches have been studied in detail and carefully evaluated
the selection of the appropriatc approach or combination of approaches for the
STITE system will be made.

3. Change in Ceneral Condition of STITE

3.1 Tyme of change - a number of types of general condltion change

[GCCH] can be recognized.

3.1.1 Internal change - caused by time, derived from real time clock,
moving ahead hours, days, datcs or any real time unit involved
in the planning

3.1.2 External change - new information arrived at a terminal or
message buffer and nceds to be inserted into A for processing.

3.1.3 Intcraction requested from outside - STITE system is to switch
to interacting aode in order to interrupt processing, place the
request into Q with highest priority, or to parallel process
for interactive activity with no interruption of Q.
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2.1.4 Interaction requested from inside to interface with outside
source or to deliver the generated data.
3.1.5 State of Q - determines whether system is to be active or
inactive.
Activity Q is formed from all activities, called internal activities,
that are to be performed by STITE. Regarding Q as a set of activities I to

be performed, there is: ~{{I}} = Q

Internal activities are:
-request for processing: make the schedule
-condition C has been formed: identify all requests
affected by C, insert then into Q marked by C
-condition C of the request has changed: mark ready
activities for initiative, insert then back into Q
-activity is to be initiated: check the conditions
for initiation (whether changed while waiting in
Q), initiate the activity Q is empty: system

inactive

Distribution of the control among the levels is shown schematically in
Fig. 4. It is a thrce level hierarchy governed by both internal and external
conditions of STITE. Conditions Cl through Cs form state of the element L,
that transformes ther into controlling signals for level L2, etc.

It will have to be decided later whether or not interrupts generated in
Ll and dirccted tovard L2 or L3 levels will be necessary or useful.

The concept of hicrarchy will likely be modified according to the centralized
versus decentralized concept of STITE, or in consideration of other conditions

uncovered by morc detailed design.
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3.2 Levels

From the preceding description, a three level control system for STITE
is envisioned. It will comprise mixed features of computer timesharing, multi-
programming and operating system.

3.2.1 Level L1: Processing of general conditions (GCCH) that are:

-internal change (clock), C1
-external change (new-input), C2
-interaction asked for from outside, C3
-Interaction asked for from inside, C
-request for of line output, Ce ;
Level 1 brings the system into one of 32 states S (m=1,..27) where for
each of them it will have to be decided what the correspondlng activity of L1
should be (i.e., if 2 and 3 conditions occur at the same time, which one should
be processed first or differently than if it occurs alone, etc.) :
3.2.2 Level L,:

4

o+ It is assumed that one activity of Q can be processed
at a time. This is very likely true if the STITE system
is a centralized system with one computer.

It is anticipated, however, that the assumption depends on the design of the
system, wherc common Q can be created for more centralized or decentralized com-
puters. Separate Q's for each decentralized site is also likely. Our level 2
description is therefore more to convey basic ideas of the design approach than
to make the decision on the concept at this time.

Level L2 may consist of a simple or a more sophisticated operating system
node in which activities stored in Q are retrieved, based on a convenient
criteria (priority, operational characteristics recognized for that activity,
other criteria), and processed. The condition of Q crcates an empty or a busy
signal as a condition C4 for level L,.

1
A simplified flowchart for level 2 opecration appears in Fig. 13.
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3.2.3 Level LS: Level L3 operation consists of the activities showp
on Fig. 3.
-preparation of the preparation of the program PA from
internal library subprograms
-processing of PA

-recording the location of generated data for the
corresponding request RA

-Generating new requests for activities that do not
occur among the scheduled activities of the request
(internal to the library subprograms, i.e. if such
subprograms has becen used that requires additional
activity) and inserting them into Q, if the new
activity is to be handled by STITE or into extcrnal
Q called EXQA if the activity is to be performed as
external to STITE e.g. request for additional infor-
mation to an outside information center, wherc EXQA
is a file for outside off-line communication.

3.3 Comparison with Existing Concepts.

In comparison with existing concepts in computer systems, a
loose parallel of the activities of the STITE system can be drawn as

follows:
-Level 1 = similar to a time sharing concept
-Level 2 = similar to an operation system concept
-Level 3 =

use of the concepts of automated programm-
ing, possible multiprogramming for better effect-
iveness in case STITE should become a large system.
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Iv. DESIGN CONCEPTS OF STITE SYSTEM

The design concept of STITE refers to the way in which units of the
system, such as terminals, processors, various types of memories, and its own
data banks are distributed over the geographic area involved. It has been
assumed from the beginning that the geographic area covered by the system will
be hundreds of miles in node-to-node distances, rather than all units being
placed in thc same town or even in the same building.

When such a large geographic area is to be covered by a relatively
large system, problems arising from distances involved have to be resolved.
For example, what type of commmication will be used and what will be the best
network for that communication and what will be the best distribution of units
over the nodes of the network?.

There are three main parts that need to be recognized in design:

~-the units of the system

-communication network of the system

-distribution of the units over thc nodes of the network
1. Units of the STITE system

It is useful to recognize two types of units that are directly

part of the STITE system. First, there are internal units of STITE, being -
recognized as units that are controlled, served, or are, in a broader sense,
under the administration of STITE. Secondly, there arc units that arc sources
of information for STITE, such as information centers, that are not, however,
under direct control of STITE. They are called cxternal units of STITE.

1.1 Examples of Internal Units

1.1.1 Terminals - "Terminal unit of STITE" is the tern

which will be usced in as broad a sensc as possible to mean units’
interfacing between STITE and its environment. The fellowing will
serve to illustrate the wide varicety in cach sub-catcgory.

-comnon computer terminal - keyboard, card recader, or card

punching machines, printer, paper or magnetic tape.

-less usual computer terminal - plotter, TV camera, cathode

ray tub display, digital display, light pin,
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-possible terminals of near future - voice input and output,

color TV, remote handwriting.

-scaled instruments and indicators - measuring panel instruments,
various meters, controlling lights, osciloscopec.

-manually operated devices - picture transmitting devices, cameras,
films, projectors.

-final recciver or original source of information processed by
STITE - clerk, laborer, instructor, cducator.

1.1.2 Processors - The following are examples of processors,
all of which can participate in information processing, transmitting,
reformating, on-line remote demonstrations, live simulations under the -
control of a remotc site:

-central processor of large computer

-mini computer

-computing center

-analog computer (e.g. defercntial analysor)
-caning device for multi instrument panel
-spceial computers

~-sinmulators

1.1.3 Storages - Various typcs of computer storages, memories
and internal data banks.

1.2 Categories and Examples of External Units of STITE

While the geographic location of external units is given, therec arc
the internal units of the system that have to be decided upon by the design.
Some of the internal units will have to share the same place with external
wnits. They are mostly terminals. Others, like processors and internal
data banks, nced not, and it is the role of the design concept to decide
about their most cffective location.

1.2.1 Information Centers - The second type of unit is called
cxternal wiits. They are units that interface the system by supplying
requests and STITE data from external data banks, information centers,
libraries and other sources of information fo. STITE,In a broad scnse
they arc the environment of the system, They interact with STITE how-

ever they are not under the direct control or wider the administration
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of the system.

1.2.2 Educational Institutions - Educators, schools, school
systems, colleges, universities and other centers of education (to
which information is being transferred via STITE).

2. Communication Network of STITE

From the beginning it is very clear that there is no need to design
the commmication lines between the nodes of the system. Existing communication
lines, such as telephone lines, and TV networks, are and will be sufficient for
use in STITE. It is accepted that STITE will operate on whatever commun.cation
network is or will be available in future, rather than necessitating the design
and implementation of its own communication lines. This approach is being used
by many other cxisting geographically wide-spread systems like large company
communication networks, computer-communication networks, and education communi-
cation networks ) '

From the designing point of view of STITE, it has to be indeed kept
in mind that communication lines with improved communication characteristics
are certainly possible and that the design of STITE has to provide room for such
future improvements as they become available. For example, more and morc effect-
ive TV lines via satellites and laser beams or laser bean telephone channels are
just two of the ways of communication that will have an impact on future commumi -
cation networks. STITE system has to be designed in such a way that it will be
ready to absorb such impacts rather than ignore them.

On the other hand, STITE is cssentially a computer system. As such,
it will very likely not face any impact of future technology of communication in
. isolation. It will rather follow the same paths that will be followed by other
computer comaunication notworks and it will utilize and adapt to whatever will
be offered as feasible continuation.

For these reasons, no special attention will be given in STITE
rescarch to the dircct problems of communication lines except for the economy of
the usc of already existing lines. It is rather the distribution of the internal
wnits over the nodes of the communication network that will be the center of

rescarch inteiest.
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3. Distribution of Units Over the Nodes of the Network

3.1 Distribution of Nodes
There are many ways in which a system can be analyzed, designed

or viewed as a system of nodes. Among them are:

-geographic location. of the units or groups of units of a
system - The nodes are then described as configuration of
the units that are placed at the same location, i.e. in the
same room, or in the same building, on the same campus, in
thc same city, in the same region. Geographic location is
important primarily for the communication networks, main-
tenance of the system, and communication costs.

-functional viewpoint - The nodes of the system are grouped
according to their rele in the system. Units of the system
belonging to certain nodes participate in the same engage-
ment, regardless of their geographic location.

-administration viewpoint .. The units of the system are
arranged into nedes or groups according to criteria such as
financial supervision of the system, charging structure for
services, paying for outside information, and paying for man-
power associated with the system,

_ Traditionally it seems to be desirable to unj fy the above three
viewpoints aid create the node with units in the sime location performing the

same functions and being considercd ac onc unit administratively also. This
approach, however, is not nccessarily them most economical or hest approach

from the stondpoint of some other criteria. For example, if expertise using
‘more than one person is required and each of them lives at different locations,
their terminals can be connected to the same computer where both of them can
contribute to the same function. On the other hand, the same person can function
in one capacity in one location while in another, different capacity he can
regularly contribute to the problems being solved at another location.

Thus, communication allows participation by a person in remote

activities vithout the necd for relocation of the pcfson. It is then the type

of function in which the person is involved that is morc important to be
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recognized than the actual location of the person himself or the site for
which the service is being granted.

Use of computers in large systems, however, does not always
complicate the situation. It enables the entire system to track and record
{nternal activities, including information comprising who is involved in
certain activities (i.c. what person, what group of persons, what nodes of
the system, what programs, the extent of the involvement) and in what capacity
the involvement is being made. Providing this and other types of information
and being implemented on sound design, the system becomes a highly dynamic
entity involved in its servicing function with many progressive features,

It need not to be limited to particular geographic locations. It can be
properly administercd because the administrative structure, based on the
administrative viewpoint can freely be imposed on the existing system and
easily adapted later if the growth of the system requires it. Functional
structure can be made, matching the adminstrative structure in one extreme
or being dissociatcd from it in the other and grouping the system wiits can
be mutually independent by infrastructures.

New dimensions can be given to systems in terms of flexibility in
adaptation of its infrastructures to changes, anticipated or unanticipated,
in the growth of the system and in constantly augmenting the power of the
system by adding new features. Flexibility in icallocation of the.control of
the system may range from localized to centralized controlling function or
vice versa, and charging structurcs, management problems, and other administrat-
1ve manipulations can be flexible. Provision can also be made for flexibility
in responsiveness to the needs of the system customers, and in the introduction
of innovative approaches.

3.2 Design of the System Nodes

It is primarily the functional aspect that will be in the
center of attention of project STITE research. Studies of the
functional nodes and ticir tentative design will help to formulatc
conditions, specifications, and aperational characteristice for both

vefinenent of the design and for implementation of STITE.
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Oncc it is decided what the functional nodes of the system will
be, the next step will be to decide where the activities related
to that function will be implemented. Three possible alternatives
will be examined:
-centralized system - All function performed at one
selected lneation
-decentralized system - Basically the same function
can be performed at different geographic locations.
-dynamic system - There is no specific place where
certain functions must be pcrformed. It is under
the internal management of the System that the
location of functions is changed under certain
conditions. If a function is used the systeifgwill
direct the corresponding data to the site thatﬂis '
in charge of that function at that time. (The whole
STITE system acts in a fashion similar to a large
operating system involving many computers and/or
centers.)
The following illustration sketches the described situation as a Q
that collects all requests from the input and places them into QA
in a line, where they wait for processing. When retrieved from Q,
they are processed for allocation to the proper place for further
processing.

}‘ Input

s Q

Distribution of the activities to the nodes

Fig. 15
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Centralized Q - Jobs such a customer requests, required
sub-activitics and interface with information centers
will be collected in Q. Then they will be distributed
to other units or nodes of STITE that in turn will feed
back the information about finished activities and also
signals indicating that they are ready for an additional
load or that they are still busy. It is, however, the
central part of STITE that continually keeps track of
out-put data of each activity and collects all data back

-

into the center.

Decentrali:cq - Jobs are collected in a different Q of local
character or grouped in different Q's according to the
character of the required activity or some 6ther convenient
criteria. From there, jobs will be sent to the facilities
servicing the corresponding Q.

Ridding System - This system is a reversed concept of cen-
tralized control. The center collects only the jobs and makes
available a list of thc jobs to processing nodes of the
system. The nodes send conditions or bids under which they
can process the jobs. The idea is that the subcenters or
processing nodes are in competition to provide better service.
This would cnhance improvement and economy of the system.
Bidding system is a new concept for the design and will be

considered in research in much morc detail.
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* PART FIVE

LITERATURE SURVEY

1. INTRODUCTICI!

The STITE project proposal states that the design of the descriptive model
will be preceded by "o review of the relevant research literature on the systems
approach to curriculua developuent." The purpose of such a review will be to
identify and evaluate developrents and research that have already been conducted
in this field and to determine their usefulness in the design of the STITE system.

The subjeat range of the project will be delineated in terms of topics and
categories, ard then appropriate indexes, reports, and other publications will be
searched to identify and evaluate those materials which are significant for the
goals of the STITE project.

Finally, a bibliography of relevant litcrature will be compiled. ¢

1l SCOPE OF THE LITEPATURD SURVEY

The purpose of the STITE project is to study, design, and evaluate a system
for the ‘ransfer of science information from its present repositories into a
science learning system. The scope of the project can logically be divided into
three parts then.

First, there must be an identification and an - ilysis of existing centers
end systems in terms of the subjects they include, their operating c-aracteristics
and the ways in which they are used. ’

Secondly, there will follow a definition and description of learning tools
and syster, and an analysis of the methodolegy involved in designing them, as well
as some evaluacion of thoir usefulness with respect to the objectives of the STI1E
project.

Thirdly, there rust be some consideration of information transfer systems
and netuoriss to deterzine their significance for the design of the proposed trans-
fer systan.

The subject scope of the literatwe search will follow the three aforenentioned
divisions, i.c., sci-nee and tecinical infommation centers, learming systert,

and inforarcion trawier systems ad netioris. Initially, spot ciueks for re~
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levant references vere made within the designated subject areas, and this pre-
liminary and tentative outline of the survey, with some random references, has
been developed. It will be expanded and refined with future investigation.

III. SCIECE AD TECTITCAL LNFORMATION CENTERS/SYSTEMS

The collection, organization and dissemination of descriptive information
and bibliographic data comprises the so-called "science information system" whose
services typify the current level of the information industry -- the establishment
of computerized information utilities and services of different types and pur-
poses. According to Bushnell, it is not mere speculation to anticipate the day
vhen information acquired during the operation of the central information pro-
cescing service feeds directly into decision mechanisms that regulate the scheduling
and instructional programs of the educational institution.

1. CLASSIFICATIC:! OF SCIENCE AND TECHNICAL CENTERS/ SYSTEMS

1.1 On the basis of subjects - This classification of science information
systems will determine which centers are to be accessed for development
of new courses in a given subject area, and it will also facilitate the
identification of centers capable of providing the necessary science in-
foermation for updating learning materials or for modifying course pre-
paration in a given subject area.

Cohan [Ref. 1], gives the description of each science and technical
informaticn repository and each information storage and retrieval system;
he also states types of output and service available to the user community,
user equipment reguirements, user restrictions and subject coverage.
Palmer [Ref. 6, has done almost the same thing as Cohan has done, but
he gives little description of the systems. Kruzas [Ref. 5], gives in-
formation resources available in the U.S. in the Directory of Infor-
mition Resowrces in the U.S. [Ref. 2], and points out the holding of

information in each center wnder subject coverage.

1.2 On the basis of opmating characteristics - There is a wide vari-
ation ¢f auromition anong information centers. Some have cemputer based
data=baps.  Qubrers have oputerived networks and represent cooperative

cfforts to shar resources of  provided information on a multi-wnit basis,
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2. AJALYSTIS OF SCIRNCE AMD TECQZIICAL LIFORIATION CEITERS FROM THE
VIEW POINT OF DESIGI OF SCIEMCE I.IFORMATION TRAISFER SYSTEM

This analy.’s will include descriptive details of the data bases,
information retrieval and commmnication, organization of information, in-
formation control, user study, and in what forms information is present-
ed to the user. ‘

These topics will be helpful in determining the methodology to
be used in identifying the design criteria for the science information
transfer system. It also jndicates the limilations of data base, retrieval
system, and subject area coverage of science information transfer systems.

Lesher and Nowick [Ref. 3], point out how NASA technical informat-
ion can be transferred/accessed. Doctors [Ref. 2], describes the NASA
technology transfer program. In his article, the roles of federal agencies
are well defined.. The design of STIIE would benefit from the contents
of these two articles.

Sparks [Ref. 7], gives a methodology for the analysis of infor-
mation systems. Gruber, and Marquis [Ref. 2], point out human factors and
limitations in the transfer of technology. North American Aviation, Inc.[Ref.6]
provides an enalysis of scientific and technical information requivements

of FAA. Nay [fef. 5], presents the development of a resource information
bank for teaching science. These four articles provide a clear review of
haw STICs operate.

Simpzon [Ref. 8], makes the observation that scientists and
engineers have solved their wordage and most other information problems
through the ereation and use of information analysis centers (IAC). IAC's
synthesize, analyze, and conpress pertinent information so that kmowledge
transfor remains effective.  SIITE can help in transferring knowledge more
effectively from IAC to users.

Libaw [ief. 4], preseits a now, generalized nodel for information
transier that has at its heart a madiine-readable record.  The model points
out how the core machine-rvadable record makes possible interfacing com-
puter typesetting with advencod information  technology, the interf acine of
primary with seendary publications, and the interfacing of data -+iih docu-
lent information syatens.  lds model would help in the design of GITTL.
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Thuronji and Pictkiewicz [Ref. 6], show how the principal
users of a small information system are built into the system and how
the feedback received from them improves the system, especially in the
areas of document selection, indexing and bibliographic format.

Raizada [Ref. 3], attempts to analyze the concept of 'user
acceptability". The factors affecting this are the physical presentation
of information and the semantic contents of the information in the com-
puter printouts. Study of "user acceptability" would make STITE more
practical and satisfactory.

Saha [Ref. 4], points out that to ensure that the need for in-
formation is satisfied, user studies are necessary at intervals 1o
determine if the information system as desipgned and operated does the job
efficiently and economically for the reader commmity it serves. For
this purpose the orgenization handling the information must identify specific
information services, study reader's habits and communication modes in a
particular environment, and then focus on the problem areas for desirable
soluticas. STITE would benefit from Saha's conclusions.

Kreysa [Ref. 1], makes the observation that the Smithsonian Science
Information Exchange (SSIE), after expanding its coverage of subject matter
and changing in administrative or fiscal structure, can facilitate more
effective planning, management, and coordination of the scientific research
and development sponsored or supported by U.S. government agencies. STITL
should be able to do what SSIL has done.

Lipsitz [Ref. 2], describes how ten thousand homes can be tied to
a computer center and how they can fully utilize the information and facilities
of the computer center. These ten thousand homes could be users of STITE
in the future.

Veazie and Comnolly [Ref. 6], point out where information analysis
center products go and identify the users who benefit from the services.

AALYSIS & DESIZT OF SCTiniCn LIFORMATTCH TRANSFER SYSTEMS

A scicnce infortaztion transfer system is a bridge between seience
and technical information conters and science learmning systems.  In other
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words, it transfers valuable information, upon a user's request, from
data banks in science and technical information centers into science
learning systems.

1.

Man-Machine Interface Vlith Respect to Science Information
Transier System

1.1 Question and Answering System - A question and answering
system provides a questionaire for user to answer. It analyses
his answers to determine his area of interest, the kind of in-
formation he is seeking and his objectives.. Then this systeu
will decide either to ask more questions in order to understand
the user's intention more clearly or to supply the information
requested, It may even suggest that the user use a particular
leaming system with a guide, so that the user can improve his
work. A science information transfer system that is going to
help a user from a certain background must first acquire data
from the user, and then through certain procedures, find ways
to hélp the user.

1.2 Editor Program - An editor program provides a means for mani-
pulating the text of & named file on a named file on a micro tape
or in the user area of the drun (corresponding to micro tape).
This file may be used for the creation of text or for later use
as data or as a program to be translated by the FORTRAN Com-
piler, ctc. The comaands provide for the editor to allow text
to be created, deleted, or moved about. The content of science
and tecinology is changing and enlarging everyday, and so is the
information stored in science and technical information centers.
The scicnce information transfer system must be able to update
its oun data files accordingly ly using a fast and efficient
editor program.
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1.3 Display and Input, Output Devices - A display is a
visible representation of data on a console screen in a
printed report, graph, or drawing, subject to alteration
by a light pen or "stylus." a

An input device is the mechanical unit designed to
bring data to be processed into a computer, e.g., a card reader,
a tape reader, or a key board..

Input to the computer can take a variety of forms:
punched cards, punched paper tape, magnetic tape, magnetic
cards, magnetic ink, or directly and binary form from the core
memory or peripheral storage wnits and various conversion units.
Quite recently, plain typed print or script in limited voca-
bularies became serviceable as input to computers. Input is also
developed photoelectrically (scanners) and through the use of
TV-type cathode-ray-tubes. Audio input is also being perfected
with limited vocubulary. Direct input can be developed by
telephone, teletype and numerous other commuiication devices
besides the cards, tapes, inks, scanners, and CRTs previously
mentioned. Proper input devices for the project's system must
be found.

An output device is the part of a machine that translates the
electrical irpulses representing data processed by the machine into
permanent results such as printed forms, punched cards, and magnetic
writing on tape..

Data can be written out from storage to output wits, or it can
be read from storage to output. The results of the processing are
thus converted to Inglish or decimals. They can be recorded in
various ways - as a printed report; as graphs, drawings, or lan-
guage for viewing and altering on display tubes; as magnetic tape,
paper tape, punched or magnetic cards; or as audio output. Same
very dramatic imnovations of computer systems concermn the newest
optic devices and automatic-language for viewing and altering on
display tuw:osy as magnetic tapo, paper tan:, punched or magnetic
cards; or as audio output. Some very dramatic innovations of com-
puter systems concern the newsst optic devices and automatic-language

translators (example, Russian-to-English) as well as talling: machines
h b}




and adaptive processors. To find the proper output devices for
the project's system is also necessary.

1.4 Intelligent Terminal: An intelligent terminal is a unit
that is prograrmable by the user in much the same way that a
conventional computer can be programmed. It has a stored-program
wnit to handle some processing independently of the central pro-
cessor, Intelligent terminals can offer the user the opportunity
of reducing costs by doing some processing locally, providing more
effective data entry techniques and corpressing data for faster
and more economical data trensmission. Greater flexibility is
possible since most intelligent terminals can emulate other
terminals and can handle a wide variety of applications. Through
the use of remote consoles, joint utilization of identical data
files for research and planning and student, as well as faculty,
instruction become possible. Inclusion of "the terminal that ,
thinks for itself" to the project's system would also be desirable.

Literature on the topic, Man-Machine Interface with Respect to Science Infor-
mation Transfer Systems, will include the following references:

Green and others [Ref. 10] describe''Baseball: An Automatic Question-Answer
Game." Their ideas may be useful in the design of a question and answering system
needed in STITE.

Botterill [Ref. 4], presents the design objectives for the Multiple Terminal
Monitor Task, running under 0S/MVT, a description of the system, the services
provided, and performance on a model 65. Bryden [Ref. 6], describes the maijar types
of RT display systems, along with the techniques used, ..c types of hardware, and
human engineering censiderations. He also gives specification tables for the major
alphanureric and line-draving devices available. Scherr [Ref. 18], covers all as-
pects of display system design, including optics, photosraphy, device characteristics,
measurements, and numan factors. Stover [Pef. 191, gives the description of a
wmique display cajadle of true three dimensional, full color displays. The system
is based on concests of lenticular optics and does not use auxiliary viewing aids.
These articles will help in dicosing the right display system for STIIE.

wbin [i2f. 171, covers souwrce data automation, key tape devieces, OCR, voice
response, Gipital plotters, and display devices. te also demonstrates the appli=

Q




cation of each type of 1/0 device. Murphy provides a basic introduction to
the various types of prints, plus characteristics and.product descriptions
of satellite printing svetems.

Auerbach On Alchanumerical Display Equipment [Ref. 1], provides a basic

introduction and description of alphanumeric display equipment. Frank [Ref. 71,
reviews th- availability and use of portable terminals. "Graphic Terminals"
[Ref. 9], describes in sinple terms the operation of graphics display systems
and the different types of systems available. High Reliability Marks Thermal-
Printing Terminals [Ref. 10], states that reliability and low noise lewvels
are two of the advantages offered by thermal printing terminals. '
Muaphy [Ref. 14], covers both alphanumeric and graphic CRT terminals, and he
also reviews terminal types, their operation, the market, and available literature.
Intelligent Terminals [Ref. 12], illustrates the use of intelligent terminals
and discusses three specific terminals, the concept of distributed intelligence,
the application of intelligent terminals, and costs and problems and reviewed.
McCovern [Ref. 13], gives the definitions of different types of intelligent ter-
minals and discusses IBil's role in this area, along with comments on future
directions. Bairston [Ref. 2], makes the observation that stand-alone computing,
data entry, and remote batch processing are all possible with a comprehensive
intelligent terminal. To facilitate STITE with intelligent terminials seems to be
a necessity. '

Brooks [Ref. 5], describes Oliver's experiment, that of using a computer
graphic system for teaching numerical analysis, and Johnson's experiment, that of
computer-administered instruction in teaching PL/I. He also concludes that the
use of computer graghics appears to be more promising for college teaching appli-
cation than conventional CAL, where weaker effects have so far been found. Graphic
outputs on CRI terminals could occur frequently while accessing STITE.

Van Dain [Ref. 20], discusses display techinology in detail and gives examples
of promising man/machine interacticn experiments,

Hill [Ref. 111, gives reasons for requiring a man-machine interface using
speech, and outlines specch production and percoption. le also discusses speech
recornition and some applications. Conversational ability of man-nvichine inter-
face in STITL is worih of atudy.
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"New Printer Copies Computer Displays [Ref. 16] , describes the new
electrostatic page printer introduced by SE Computer Peripherals. It
provides a copy of the data displayed on the computer video terminal in
only 3 seconds.

2. Intercomputer Communication/Computer Network

A Computer Letwork is two or more interconnected computers., It
permits geographical distribution of computer capability to meet local infor-
mation processing needs and at the same time permits local aveilable capa-
city to meet requirements from remote locations that are unabie to handle
local needs. Data and programs can be transmitted around the network. For
information storage and retrieval systems, a network of computers permits
mitipoint entry, query analysis, locally maintained data banks, availability
of local data banks to all stations of the network, use of common languages,
central control points or information switching centers, and mutual support
activities, such as rapid data transfer, irmediate response, reduced ianter-
ference with local mission, and a reduced necessity for new centralized
facilities.

Brewster [Ref. 1], defines the task of planning a communication
network and discusses a program called WETSLT to aid in optimizing the network
design, Ileinrock [Ref. 6], discusses mathematical modeling, analysis, and
stimulation in their role as tools for creating the design for a computer net-
work,

Compriter lictiork Measurements: Techniques and Experiments [Ref. 21,
gives the development of measuremernt capabilities for the ARPA network and the
utilization of these capabilities to create analytic models of network behavior,
Harris [Pef. 4], discusses develomments for the on-line system of the ARPA
network, including reduction of core requirements, improvements to the internal
scheduling algorithnc, and the development of a multi-line controller., Herzog
[(Ref. 5], reports the activities of the MIRIT computer network, and describes
cormunications hardware, telepnone facilities, and software systoms.

Computer iistwork Research [Ref. 3], points out modeling, analysis,
measrernents and cysicms software for computer networks., Marill and Curewritz
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[Ref. 71, present an analysis of the technical problem of data handling within
a computer commmnication network.

Walden [Ref. 10], presents a system of comrunication between processes
" distributed throughout a computer network.

' Roberts and Wessler [Pef. 9], describe the need for a computer network,
the requirements of a computer communication system, and the potential uses
of a computer network.

McCann [Fef. 8], gives the general nature of networks: advantages,
configucations, transmission speeds, costs and media. He also describes the
planning for a national on-line medical bibliographic service, including net-
work alternatives, decentralization versus communications, costs, and select-
ion from alternatives. These references would help in designing a computer
network in the STITE system. '

3. System Safety Security

3.1 File Protection - A device or method that prevents accidental
erasure of operative data on magnetic tape reels.
3.2 Memory Protection - A specifically design method of insuring

that the contents of main memory, within certain designated but variable

bounds, will not be destroyed or altered. Special programming devices

- or hardvare thus guard against the effects of equipment malfunction and
program bugs in real-time systems.
Studv in the area of Safety-System/Security is necessary, for
security is an irportant element i a computer-aided system.

"A Brief iistory of Computer Privacy/Security Research at Rand" [Ref. 1],
provides a review of FAID Corporation research on computer security and the pro-
tection of dats in the coirputer system from unauthorized access. Graham [Ref. 7],
points out the technical aspects of protection and the proczdures which govern the
access of executing programs to varicus resources in the system. Tum and
Shapiro [Fef. 14], discuss the problem of cost effective data security safeguards
in personal infermation data banks. Friedman [Ref. 6], reviews the problem of
protecting pro;rictey data in large compatter files in a syslem which pamits the

sharing of data.
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Boruch [Ref. 2], outlines & number of distinctive methods for assuring
the confidentiality of data and relates them to security-oriented information
processing activities. Conway and others [Ref. 4], discuss record selexiion,
field security, restriction of processing operations, and system implementation.
Donn [Ref. 5], describes a pseudo-random binary sequence-generating shift
register for scambling digital sifmals. Hawkins [Ref. 8], considers softwarw
oontrol of system access., security of the operating system and protection
against malfw.ctions.

leavitt [Ref. 9], explains how data compression techniques can con-
tribute to data security as well as improve system performance. Leavitt [Ref. 101,
discusses the use and effectiveness of passwords as security devices over pro-
grams and data. Peck [Ref. 11], reviews access controls, internal system con-
trols, data transmission controls, and potential and actual violation controls.
Reider [Ref. 12], presents some of the elements of a sound control and security
plan tor computer records. Smith and others [Ref. 13], use both software and
special hardvare to provide enciphering and deciphering of messages between a
terminal and a computer to provide protecting of data in transit and in storage.

Anderson [Ref. 2], points out problems concerning computer security,
problems of file protection, and communication problems. He also discusses
techniques of system access control, operating system functions, techniques of
file protection, and techniques of security assurance.

4. large Memories - Associative Memory is a storage device in which the

storage locations arc identified by their contents rather than by their names,
addresses, or relative positions. The associative memory is capable of being
interrogated in parallel fashion throughout its entire contents to determine
whether or not a given word is stored by directly comparing it with all words
stored without regard for addressing. The associative namory can quickly answer
the question, "Is this word contained in menory?' The concept reduces address
bookkeeping, since tha keys serve as addresses.

large Auxiliary Memory is a large storags device in addition to the main
storage of a computer; c.g., magnetic tape, or magnetic drun. Auxiliary storage

wually holdls much lacor wownts of Informaticon than the main storage, and the
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information is accessible less rapidly.

The intemal hierarchy of memories must be studied in detail in
order to use the primary core memory, the associative memory, and th;e
large auxiliary memory effectively.

5. Information fccess

5.1 Immediate Access - The ability to directly obtain data from,
or to place data in, a storage device or register, without serial delay
due to other units of data and usually in a relatively short period of
time.

5.2 Parallel Access - The process of obtaining intormation in storage,
where the time required for such access is dependent on the simultaneous
transfer of all clements of a word from a given storage location. Since the
science information transfer system will undoubtedly be concerned with
frequent information accessed in small or largs amounts, information access
methods must be considered. Both immediate access and parallel access have
advantages, and using them intervovenly will give maximum efficiency.

Dell [Ref. 1], provides a rcadable account of a laser mass memory system
with trillion-bit on-line capacity and fast access. Gentile and Lucas [Ref. 21,
point out that TASLO! is a network of dedicated computers, special hardware, and
mass storage devices which any user CPU can access for storage and retrieval of
dates. TABLON was doveloped to provide common data base capabilities to dissimilar
systans and to reduce the cost, space, and adninistration of larger magnetic tape
librapics. Label [Raf. 6], describes the major features of the different types
of auxiliary storage devices and give selection criteria. Gross [Fef. 3], defines
the ultra-larger digital storage system and establishes a boundary between these
and large storage systems. Haker [Ref. 4], surveys the historical developm~nt
of mgnetic dicks for bulk storag2 applications, covering hardware capabilitics,
device diracteristics, some alternative technologics, and past and future hier-
arcliiies.

Penny and others [Bef. 71, discuss the desipn of the mass storage sysiun in
we at the Lasrenoe Badiation leboratory, consisting of an IBid 1360 photodipital
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storage syste:h and a CDC 854 disk pack for indices. Katzan [Ref. 51, suxrveys
various storage hierarchy systems and gives a state-of-the art analysis
covering basic storage hierarchy concepts, addressable storage, storage man-
agement, and data organization and management.

6. Information Retrieval System

A system for locating and selecting, on demand, certain docurents or
other graphic records relevant to a given information requirement from & file
of such material. Examples of information-retrieval systems are classifi-
cation indexing and ma-hine searching systems. In order to make the science
information transfer system officient in the area of locating and selecting
data from large files, a study of retrieval systems is necessary. The use
of a hashing tecmnique to allocate space for overflow records. Under certain
conditions this is shown to be superior to the conventional method of chaining.
Price [Ref. 91, describes several table hockup techniques, including sequentiai
search, merge search binary search, estimated entry, and direct entry.

Bennett [Ref. 1], states that the Negotiated Search Facility (NSF)
maices possible index-controlled retrieval of information from a collection
data base using tools beyond those available in a traditional bibliographic
catalog. _

Back [Ref. 1], reviews studies of information dissemination as a basis
for deterining how ca-line retrieval can best compete with a multitude of other
sources of referencos and presents criteria that the system should satisfy to be
as widely used and as comprehensive as other reference retrieval methods. Barber
[Ref. 2], states the principles upon which the Technical Indexes system was
based, with particuler reference to the advantages of microfilm, and discusses
the factors involved in the design of the retrieval system. Hoffman [Ref. 4],
introducs a large-scale information retrieval system developed for processing
DuPent information files. The use of threads ' lists, in addition to invert~d
files, to permit optizum searching is a very important feature.

Jardine and Van Rijsbe. gon [Ref. 5], introduce information retrieval
strategios wildi are based on automatic hicrarchic clustering of documents.

They shew that cluitor=based retrieval ctratepies are as effective as linear

ansociative retricval stnaiegics and much more efficient.  They also outline how
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clustered-based retrieval may be extended to large growing document collections,
Johnson and Brigss [Ref. 6], make the observation that nolography is one of the
most promising methods now under research for the achievement of high bulk
storage with fast random access at a reasonable cost.

Walston [Ref. 111, discusses the information-storage and retrieval
cycle, automatic docurent indexing and classification, automatic aids to re-
trieval and dissemination, and automatic fact retrieval and gives types of re-
trieval. '

Williams [Ref. 121, points out that an effective man-machine interactive
retrieval system requires a sequence of steps in which man and machine alter-
nately take action. He also introduces an on-line interactive system, Browser,
and discusses the objectives of the development of this system.

7.  Aspects of Automation of Information Syswam with Respect ‘to the STITE
Project

———l

Automation can be defined as the production by devices or machines that
are self-acting with respect to predetermined processes; e.g., making automatic
the process of moving work from one machine to the next, the theory, art, or
technique of making processes self-acting, or the investigation development, or
application of procedures toward making automatic the processcs of self-move-
ment and self-control.

The aspects of automation of information systems with respect to the
project are:

1.1 AMbstracting - Searching for the eriieria by which human beings
judge what should be abstracted from a docw::nt as programmed.

1.2 Autoratic Checking - Processors are constructed and designed for
verification of information transmitted, computed, or stored. The pro-
cedimre is complete when all processes in the machine are automatically
checked, or else the check is considered a partial verification. Partial
checking concerns either the nusber or proportion of the processes that
arc cheatody or the neler and proportion of the machine wiits that are

assigned to checking.
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1.3 Automatic Coding - A technique by which a machine translates a
routine written in a synthetic language into coded machine instruct-
ions, e.g., assembling is automatic coding or various techniques and
methodology by which a computer is utilized to translate programs from
formats which are quick and easy for programmers to produce into formats
which are convenient and efficient for the computer to execute.

1.4 Automatic Error-Correction - A technique, usually requiring the
use of special codes and/or automatic retransmission, that detects and
corrects errors occuring in transmission. The degree of correction
depends upon coding and equipment configuration.

1.5 Automatic Programming - A technique by which a machine converts
the definition of the solution of the problem into a series of ordered
procedures and operations that can be automatically coded, or the
method or technique whereby the computer itself is used to transform
or translate prograrming from a language or form that is easy for a
human being to produce, into a language that is efficient for the com-
puter to carry out. Examples of automatic programming are compiling,
assembling, and interpretive routines.

Correcting Codes for Exchange of Information Between Computers [Ref. 2],

proposes two codzs vhich are comparatively easy to implement by means of computer
programs and which correct arbitrary errors in a machine word and one or two
adjacent words. Harding [Fef. 6], develops a table set of performance equations
for error detecting and correcting codes in a random-error-environment.

Lignos [Ref. 7], suggests an approach to selecting a burst error correct-
ing code and deseriles itz hardvare implementation. Wallner [Ref. 101, roviews
parity checking cchemes for magnetic tape, disk, and drun devices.

Douglas [Ref. 3], presents computer monitoring of aszembly processes as
means of achicving better management control over production operations.

Rush and otier [E:f. 8], report on the development of techniques for
the automatic production of high quality abstracts from the full text of the original
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document. The most significant contribution of this paper is the point that

an abstract can be produced by rejs~ting sentences of the original which are irre-
levant to the abstract. Methods of sentence selection and rejection are also
discussed. Edmundson [Ref. §], describes new methods of automatically extracting
documents for screening purposes. His methods treat not only the presence of
high-frequency content words (key words) as one component of sentence significance,
but also pragmatic werds (cue words), title and leading words . and structural
indicators (sentence location). Edmundson and Wyllys [Ref. 4], present a new
concept in autormatic analysis, the relative-frequency approach to measuring the
significance of words, word groups, and sentences.

8. Applications of Computers in Education

Project STITE is concerned with the application of computers as methods
of instruction, not with data prucessing in general. These applications include
developrents in optical scanning devices, language translation machines, computer-
assisted instruction, and rapid document-retrieval systems. The STITE system will
definitely be using the computer as the major factor in information transfer.

Braunfeld [Ref. 4], reports on the use of the computer-based PLATO II
system to teach a group of undergraduates some topics in computer programming.

It appears that tiic system taught this subject matter effectively. He also dis-
cusses economic feasibility and future plans.

Goodlad and others [Ref. 15], gives an overview of education and computer
technology, discuss functional areas of computer applications in education,and peint
out future advances in the field.

Chapman and Carpenter [Ref, 11], say that automation of the instructional
procoss may well revolutionize the field of education. They discuss the broader
picture of the rocearch effort in automated tutoring and describe a project on
automated tutoring.

Zinn [®2f. 25], provides a framework, a few specific examples, and re-
ferences to more detailed inforwmation concerning instructional uses of computers.
He also discusves cwrent problems and the potentials for interactive instruction
systens,

Bushnell and Allen [FPef. 8], edit nineteen papers prusented in an invitat-
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ional conference on the present and future role of the digital computer in
Armerican education in Hovember, 1965. These papers are divided into 4 groups
of interest: 1. individualized instructions and social goals, 2. Computers
in instruction and research, 3. Teaching the computer sciences, 4. Information
processing for education systems.

Bushnell [Ref. 7], presents a ccnputer based teaching system that is
being tested at System Development Corporation (SDC) to make teaching more
effective. Bushnell [Ref. 6], makes the observation that the on-line use of
the computer for teaching mathematics, the sciences, &nd related subjects is
buurgeoning at all levels of education. He also discusses simulations and gaming,
new tools for education, information utility, production and evaluation of curri-
culun materials, and time-shared computer systems.

9., Information Dissemination

The STITE project will be concerned only with the dissemination of
educational information. It will be necessary to determine major sources of
educational information, the forms in which it is found, how it is disseminated,
who uses it, and its cost and effectiveness.

Dumas [Ref. 2], reviews ways and means of disseminating, retrieving, and
utilizing research and demonstrating results. Green [Ref. 5], describes how
Colorado schools arce informed of the use and scope of instructional media and
determines the best method of disseminating the information.

Intelek, Inc. [Ref. 3], deals with the establishment and operation of
ar. "Exchange of Information' among universities, corporations, and government
agencics concerncd with the use of the computer as an aid to the instructional
process. Farr [Ref. 4], presents the role of the "Knowledge Linker" and an
interpersonal network of cormunication within a terget audience.

Grimes [Ref. 61, dcucmbus a regional information system vhich is designed
to provide an effective, sys stematic methodology for linking users with relevant re-
sources, and gives an overview of the history, structure, and utilization of the
information systam.

Havre [Hef. 71, idontifies, synthosizes, and evaluates shared services
of research and dovelopment throushout tine meaction and presents a model of shared
informition sarvieos o rural cducitors,




43

V. LEARNING SYSTEMS AND TOOLS
1. Types of Learning Systems and Learning Tools

learning systems are broadly defined as technology-aided instruction/
learning facilities which allow learmers to interact with organized learning
materials stored in an animate, manipulable device or memory.

Learning tools comprise primarily devices and mechanisms for accessing
knowledge in science and technology.

Before trying to analyze and design a science information transfer system
that transfers science information from its present reprositories into science
learning systems, we must study the components and characteristics of the existing
learning systems and the learning tools used to determine what and how the science
information transfer system can be of help in achieving the cbjectives of these
learning systems using certain learning tools.

1.1 Conventional Learning Systems

~Lecture - A discourse given before an audience expecially for instruct-
jon. The learning tools sometimes used in a lecture are: books ,

paper, pencils, pens, crayons, paiuts, brushes, blackboard, chalk,
musical instruments, athletic equipments, slide rules, overhead projector.

-Seminar - Guided study by a group of advanced students on a parti-
cular subject, each student doing some original research, and all ex~
changing results by informal lectures, reports, and discussions. The
tools used: books, paper, pencils, pends, blackboard, chalk, overhead
projector.

~Laboratory - A place devoted to experimental study in any branch of
natural science or to the application of scientific principles in testing
and analysis. The tools used: books, paper, pensils, pens, blackboard,
chalk, optical microscopes, telescopes, apparatus of all kinds, electric
miscroscope, still cameras, binoculars.

-Demonstration - The act of making known or evident by visible or
tangible mcans, as indication, sign, show, or manifestation.

-Field Trip - Visit to an establichment or institution for purpose of
observing activities carried on there. The tools used: public libraries,

art gallerics, museuns, businesses.




~Graphic Materials - Almost any illustrative material can be considered
graphic in nature. (Indeed, any printed matter falls, technically, into
this category). Graphic materials can also be ounsidered as special
material in the audio-visual field. The graphic materials of interest to
the project are graphs, charts and diagrams, and pictures. The tools
used: paper, pencils, pens, blackboard, chalk, rules, camera.

1.2 Non-Conventional learning Systems

~Programmed Instruction - According to Shramm, programmed instruction is
the kind of learming experience in which a "program" takes the place of a
tutor for the students and leads him through a set of specified behaviors de-
signed and sequenced to make it more probable that he will behave in a given
desired way in the future. Therefore, programmed instruction is a kind of
memory of learning materials used to support the self-instruction process. Tools:
four-button machine, new cormumnicator, koncept-o-graph, auto-tutor, computer
terminals, computer.

~Camputer-Assisted Instruction - CAI is a concept that applies computers
specialized input/output display terminals directly to individualized student
instruction. The teit materials being generated by researchers for instruction

$

are entered into the computer through the use of simplified codes operated for
the most part with natural-language inputs. Computer-assisted instruction is
obviously a kind of computer application in education, and like programmed in-
struction, it also is a kind of memory of learning materials to support the self-
instruction process. Tools: computers, input/output devices, display, terminals.

~Teaching lachine - According to Fine, the teaching machine is a self-teaching
device that helps the student lean faster and in a different way. But the teaching
machine is not only a machine. It is also possible to get the same principles from
a progrartied book. It iz what goes into the pages of the book that is important.
Experiments show that there is little difference between a "hardware" type of
teaching machine and tha book type of teaching machine. Both books, and machines
depend upon programmed instruction to do an adequate jobe. Tools: multifarious
teaching madiines.

~Audiovisual (ethods and Materials - The principal receptors of information
are the eyes and ears, and thore exists substantial evidence that many of the

factors involved in learming depend on the choice of the receptors
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employed. An effective leaming system thus must be capable of trans~
mitting simultaneously visual and audio information. Such a conjoint
transmission is desirable in both skill and cognitive learning. Tools:
films, tapes, tape recorders, televisions, film strip projectors (some
with sound tracks), movie projectors (with sound), record-player and
records, ALF,

2. General Methodolocy Used for Designing Learming Sys1 ms

We will investigate the gmeral methodology of designing learmning systems
in detail in order to provide criteria for evaluating these learning systems and
learmning tools.

1.1 Human Interface in learning Systems - The transfer of information from
science information banks to other repositories will proceed via a human in-
terface. In the case of science leaming systems such an interface is the
author or editor of the stored curricular materials. For example, the pre-
paration and recording of leaming materials in ALF is normally carried out
by faculty subject specialists.

1.2 General Methodology Used for Designing a Course - By investigating the
gencral methodology used for designing a course, it may be possible to find
the steps in this methodology that need help from the science information
transfer system. |

1.3 Curriculun Developrment - Curriculum materials are basic to the school
experience; tewtz, films, and workbools are the nainstays of instruction,
espeeially in the early grades. Until recently the development of these
materials follesed relatively predictable patterns. Materials were some-
times penerated in an ad hoc vay by tcachers working in the schools, but

the major direction of curriculum development generally came from the conmer-
cial publishing houses, where the publisiirs worked on the usual author-cditor
model.,  Attenticn to the development of new sources can reveal the cources
that need help {rom the seicnce inforsmation transfer system.

A flow chart deseribing a general methodology for preparing a cowse uill
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be developed. In this flow chart it should be possible to identify the
steps in which a science information transfer system can be utilized.

l.4 Mental Process of Human Information Transformation - An understanding
of the mental processes through which authors of learning materials
acquire, evaluate, organize, and integrate new information into the subject
matter of existing, organized science curricula will be necessary for the
STITE project. -

After those key elements of the mental processes are identified, they
can be considered in attempts to assist the transfer of science information
into education by machine aids.

3. Evaluation of Learning Systems with Respect to Project Objectives

An evaluation of conventional and non-conventional learning systems should
reveal those systems which will substantially benefit from a science information
transfer system.
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A. SAPLE OF LETTER REQUESTING INFORMATION

Chnology SCHOOL OF INFORMATION AND COMPUTER SCIENCE | (404) 894.3152 | ATLANTA, GEORGIA 30332

Dear

We are cirrently working on a NST sponsored project, the objective of
which is to study, design, and experimentally evaluate man-machine mechanisms
for enhancing the transfer of science information from its present repositories
into science learning systems. In particular, we plan:

1. To describe operationally the process of transformation of science
information system ovtputs for the pwpose of integrating them
into the content of science learning svstems (i.e., computer based
as well as routine class-room type educational systcms).

2. To investigate comparatively the design and operating characteristiecs
of science information systems and science learning systems, par-
ticularly fram the viewpoint of requirements for transferring in-
formation between them via a man-machine interface.

3. To implement an e:xperimental design of limited transfer mechanism
from appropriate existirs science information systems into
science learming systems and to evaluatc the cost effectiveness
of that mechanism,

To achicve the above-stated goals of our project, we collect and analyze
information on the following topics:

1. Statc-of-the-art of comuter based science learning systems, their
operational characteristics, teaching procedures and the methodology
of course preparation in the concermed science learning system.

2. State-of-the-art of exdsting operational science information trans-
fer nechanisis, and the procedural details involved.

3. Detailsc of the formns of available outputs from the science information
repositories to learner/educator corrmmitics.

Tt will Lo greatly appreciated if vou can send us whatever relevant documents
and reports are available at your conter on the above~mentioned topics. If you have
any aucctions reganding owr project or information we are  ~questing, please call us
collect,

hank you for your acsistance.
Sincerely yours,

Pranas Zunde
Project Dircctor
School of Infommation and Conputer
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B. INSTITUTIONS CONTACTED BY LETTER OR PHONE

Dr. James J. McCarthy, Project Director

Special Education Instructional
Materials Center

University of Wisconsin

415 lest Gilman

Madison, Wisconsin 53706

Dr. M. Thomas Risner, Direcctor

National Information Center For Education
Media

University of Southern California

University Park

Los Angeles, California 90007

Mr. H. E. Baker, General ilanager

Scientific and Technical Information
Facility

NASA

5001 Calvert Road

Colle;e Park, Maryland

Mr. Jerry Harrison

NASA

Technology Utilization Ofc.
Code KT

Washington D.C. 20546

Mr., Colin liick

Institute for Communication Resecarch
Cypress 1all

Stanford University

Stanford, California 94305

Albert W. Fell, Director
Special Education Instruction
University of Texas

304 West 15th Street

Austin, Texas 78701

Mr. T. Kottenstett

Denver Research Institute
2050 E. I1iff Avenue
Denver, Colorado 80210

Miss Becky Walker

Morth Carolina Science & Technology
Research Center

Rescarch Triangle Park, N. C. 27709

Clearinghouse for Federal Scientific §&

Technical Information
Springfield, Virginia 22151




C, VISITUR FROM INSTITUTE OF LIBRARY RLESEARCI

ir. Allen Humphrey of the Institutc of Library Research, University
of California at Berkeley, visited the campus on April 5. In conference
with the staff of STITE he discussed the work of the Institute and more
particularly his participation in a study of the Educational Resources
Information Center conducted by the Institute.

The primary purposc of the Institute of Libroiy Research is to in-

vestigate the application of technology to library practices, Mr. Humphrey

explained; and he has been involved with a number of their research pro-

jects, including the development of an information processing system and

a biblivgraphic file proccdure, both of wiaich arc used in laboratory pract-

ice by library school students. e also worked on a lesser project in con-

textual irldexing and on the production of a wnion catalog in book form for

the nine libraries of the University of California system. .
For thc purposes of the STITE project, lir. llumphrey's association with

ERIC was most relevant. ERIC is a nationwide dccentralized information

system designed to disscminate and promote the use of educational inform-

ation. Research_ig_ﬁducation processes approximately 1,000 items per

month on magnetic tape, cxcluding journal articles, and Currcnt Index to

Journals in Lducation processes anp1ox1mqtely 1500 items from journals cach

month. Doth indexes receive their materials from 16 clcaringhouses over
the country, each clearinghouse haviag its own subject specialization. In
addition, the clearingiiousc on vocational and technical cducation infor-
mation produces AIM and ARM, abstracts of instructional and rescarch mat-
erials in that field.

Approximately 100 orcznizations presently receive ERIC tapes regu-
larly, of which 25 to 30 arc active users. Users arc primarily state or
regional education agencies that service requests from the cducation commun-
ity and universities and colleges that service requests from professors and
students of the academic community.

Dircct utilization of ERLC Tapes by the STITE project was discussed,
wvithout conclusions. Technology presently exists for some possibilities,
such as the direct transmission of a bibliography for updating a course
to a teacher at a terminal, but further investigation will be required to

assess t.e potential of HRIC tapes for STITE purposcs.

Q
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D. TInterview at National Medical Audiovisual Center

Name of Interviewee: Mr. Robert T. Turnbull
Audiovisual Systems Analyst
NMAC
Time and Date: Tuesday, #pril 3, 1973
Interviciing Persons: N. V. Subramanian and kKhalid Hafiz
Notes of the interview are written by:
N. V. Subramanian
Research Analyst
School. of Information and Computer Science
Georgia Institute of Technology

In the opening of the interview, the overall objectives of the pro-
ject, STITE, were explained and in particular the concern of the project with
educational systems and the analysis of audiovisual systems used for educa-
tional purposes.

Mr. Turnbull initially discussed at length the details of the equip-
ment displayed in the Learning Resource Center at NMAC. Then he gave cost
figures for that equipment. One interesting fact he mentioned was that in
designing some of the new systems, the time factor involved makes it obsolete
by the time it is ready to operate. This necessitates very frequent updating
of the information content of the particular audiovisual learning system vhich,
in tum, incurs some additional personnel costs.

Mr. Turmbull aleo mentioned that,in the case of audiovisual systems which
use slidrs of models, the production of the models and of the slides should be
artistically well done otharwise the lemmer-participants find the systaa
psydiolenically rorulsive and the intended goals may not be achieved. In order
to achicve the intended roals of actistic acceptability in designing an audio-
visual progentation, considerabls cost is incurred.  Mr. Tumbull further added

\)‘ L) . -~ - . [ 4
-RIC thal in  years to come, vhen the cost of the audiovisual equipment decreasnes

A ruiToxt provided by ER




substantially, there is a great potential in the widespread use of audio-
visual techniques in the learning of medicine. He also implied that such use
of audiovisual learning systems can be extended to several other fields of
science and technology.

In the coursc of the interview, Mr. Turnbull explained and demonstrated
the mobile audiovisual center (CML-10), 3M study carrel, Aeonstic carrel, No. 200
series A-1, and closed circuit TV educational programs.

In the concluding part of the interview, Mr. Turnbull expressed his opinions
about Science information transfer for education from Science information repo-
sitories. He strongly felt that local institutions for years to come have to
bear the design and developmental responsibilities of audiovisual learning
systems, using whatever information they can.procure from science information
repositories. lc also felt that therc is some unwillingness on the part of
institutiors that design and develop such systems to offar them freely to other
institutions in a different gcographical location.

From this interview, it is inferrcd that local cducational institutions
must bear the responsibility for transforming information that is available
from science information centers into structures that can be used in their
particular cducational systems. Therc are some implications of KMAC for the
STITE project. In the future, the video-tapes, novices and slides of tech-
nologicul experinents und medical operations which are otherwisc difficult to
conduct, or cven to simulate, at educational institution can be delivered to
educators from lesearch Centers and the Science information systems for the
bencfit of the cducator community. In addition when the cost of data transmission,
and particularly the cost of picture and graphic data transmission, decreases

considerably, it will be frasible to have on line tranmission of knowledge from

Q
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science information systems to the learner cormmity.

In the concluding part of the interview, Mr. Tumnbull gave us the
following catalogs:

1. "Toward Irproved Léarning," vol. 1, vol. 2, U.S. Department of

Health, Education and VWelfare/Public Health Service.

2. lotion Picture Film Catalog.

3. Videotape Catalog.

The above catalogs explicate the details of the design of such audio-

visual learming systems.




