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FOREWORPD

This report describes the concepts, approach, and implementation of the Project
IMPACT text-handling subsystem, which assists in preparing and managing the content of
computer-administered instruction (CAI) courses. Work Unit IMPACT, Prototypes of
Computerized Training for Arimy Personnel, is an advanced development project under-
taken by the Human Resources Research Organization to provide the Department of the
Army with a CAI system. The National Scier »2 Foundation is alsc sponsoring HumRRO
research on Instructional Decision Models (IDMs), with additional supyort provided by
the James McKeen Cattell Fund.

This document is a second report on the progress of the hardware/software sub-
system (specifically the text-hancling facilities) toward implementing the initial IDM
within the HumRRO CAI enviroament. The first-generation subsystem was described in
Project IMPACT: Computer-Administered Instruction, Description of the Hardware/
Software Subsystem, HumRRO Technical Report 70-22.

The research is being conducted at Humk.iO Division No. 1 (System Operations)
Alexandria, Virginia, where Dr. J. Daniel Lyons is Director. Dr. Robert J. Seidel is the
Program Director.

The IMPACT text-haudling subsystem was developed by the Project IMPACT staff,
principally Mr. Jean Garneau, Mrs. Doris Shufurd, Mr. Leslie W. Willis, and Mr. John
Stelzer. This report was prepared by Mrs. Beveidly Hunter, Mr. Martin Rubin, and the
Project IMPACT staff.

The IMPACT project and the IDM research program follo'w on earlier HumRRO
work in the same general area under Work Unit METHOD, Research for Programed
Instruction in Military Training, and Exploratory Study 42, Organization of Instruction.
Principal pnblications under these research efforts include: Project IMPACT: Computer-
Administered Instiuction Concepts and Initial Development, Technical Report 69-3,
March 1969; The Computer as Adaptive Instructional Decision Mzxzer, Professional Paper
1-70, January 1970; Project IMPACT: Description of Learning and Prescription for
Instruction, Professionai Paper 22-69, June 1969; The Application of Theoretical Factors
in Teaching Problem Solving by Programed Instruction, Technical Report 68-4, April
1968; Programed Learning: Prologue to Instruction, Professional Paper 17-67, April 1967,
and Computer-Adr.inistered Instruction Versus Traditionally Administered Instruction:
Economics, Professional Paper 31-67, June 1967.

Identification of products is for research documentation purposes only, and does not
constitute an official endorsement by HumRRO, the Department of the Army, the
National Science Foundation, or the James McKeen Cattell Fund.

HumRRO resezrch for the Department of the Army is conducted under Contract
DAHC 19-70-C-0012. Computer-Administered Instruction research is conducted under
Army Project 2Q063101D734. The IDM research being conducted under National Science
Foundation sponsorship is funded under Grant GJ-774, Research on Instructional Deci-
sion Models, with zdditional fiznds from the James McKeen Cattell Fund.

Meredith P. Crawford
President
Human Resources Research Organization



'SUMMARY

BACKGROUND

The objective of Project IMPACT is to evolve a segies of prototype systems of
Computer-Administered Instruction (CAI) in order to produce a total CAIl system that is
effective, efficient, and cost-effective for operational use in Army training. The total
prototype system includes four main components:

(1) Hardware—The computer, student stations, and related equipment.

(2) Software—The computer programming systems that control operation of
the hardware.

(3) Courses of Instruction—The actual content and logic of courses adminis-
tered by the computer.

(4) Instructional Decision Models (IDMs)—The rules and strategies by which
specific course content is provided to an individual student.

T.ie way in which the content of instruction is prepared, stored in the computer,
and managed by the computer while students are taking a course has a great influence on
the efficiency and effectiveness of the total CAI system. All the hardware and software
components of the system which together provide facilities for preparing, storing, and
managing the content of instruction are called the “Text-Handling Subsystem.”!

OBJECTIVES OF THE TEXT-HANDLING SUBSYSTEM

The principal objectives of the text-handling subsystem are twofold:

(1) To provide a rapid, easily used means for course authors to prepare and
maintain the content of courses of instruction. The costs of course deveiopment should
be minimized by allowing content specialists to prepare instructional materials without
regard to technical hardware and software cousiderations. Members of the course develop-
ment team should be able to enter in the computer, review, and revise materials without
going through intermediaries such as computer programming languages, a special pro-
gramming staff, or computer center procedures.

(2) To provide a means for storing and retrieving course content that wiil
maximize flexibility of course design and instructional strategies. The evolution of
effective strategies for ieaching via computer requires that authors and researchers have the
greatest possible flexibility for experimenting with various strategies and course design.

Another objective is to allow for flexibility in the kinds of computer programming
languages used to implement course strategies and logic. The text-handling subsystem should
allow for experimentation with various kinds of computer programming languages that may
be suited to irnplementing particular types of instructional strategies and the IDM.

APPROACH

The IMPACT approach to achieving vhe foregoing objectives is to provide a text-
handling subsystem in which the content of a course—the text—is stored in files that are
physically separate from the computer programs that control course strategies or course
logic (i.e., an IDM and its interpretation in a computer programming language). Course
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por a complete description of the hardware-software subsystem, see Project IMPACT—Computer-
Administered Inctruction: Description of the Hardware/Software Subsystem, Technical Report 70-22,

December 1970.
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authors can enter the text into the computer files directly tarough the CRT, without writing
any computer programs. Similarly, tiis text can be rapidly and easily retrieved (viewed on
the CRT scrzen), reviewed, modified, and so forth, directly through the CRT terminal.

When students are taking a course, the text-handling subsystem retric:ves the appro-
priate text from the files, arranges it in appropriate sequence for that student, and
{ransmits it to the student’s CRT. The text-handling subsystem functions under commands
from the computer programs containing the logic, or strategy, of a course (the IDM).

The text-handling subsystem is designed so that it can be implemented in a variety
of computer systems, that is, to be compatible with a variety of prograinming languages,
terriinal bhardware devices, and IDMs. In IMPACT’s first-generation CAI system, the
text-handling subsystem is implemented on an IBM 360 model 40 computer, using the
Sanders 720 CRT terminal and the CAI programming language Coursewriter III.!

FUNCTIONS

The IMPACT text-handling subsystem performs or supports the following functions:

(1) Text preparation and maintenance. The content of courses is created,
improved, and maintained with the assistance of EDITOR. EDITOR (Entry on Disk of
Instructionn Text for Online Retrieval) is a simple, powerful set of commands that enables
members of the course deveiopment team to create ard modify text. FALZS (File Activity
Control System) is another tool that. ussists in preparing and maintaining courses. FACS is
a set of computer programs that prodvces various administrative and technical reports
regarding the course materiais stored on the text files.

(2) Text storage. The text is stored in small elements (usually filling less than
ore CRT screen) on text files at the central computer. The text may be grouped and
indexed on those files in any way that is appropriate for a particular course or IDM (e.g.,
all practical exercises might be stored on one file). The number of such files established is
logically unlimited.

(8) Text retrieval. Elements of text are retrieved from the files and arranged in
varicus ways to produce instructional urnuts. DIRECTOR is a software supervisor that
accepts commands frcm IDM as to what text is needed for each individual student at
given points in the course. DIRECTOR retrieves the text from the files and transmits it
to the student’s CRT. Commands to select and display mov.ag or single frame film
presentations are also transmitted by DIRECTOR.

STATUS

The text-handling subsystem as described in this report is operational at Project
IMPACT facilities. It is part of a first-generation CAI system, not intended for wide-
spread, operational implementation at Army schools. The efficiency and effectiveness of
the approach to text handling is being tested in this first-generation system. If the
approach proves to be viable, the subsystem implementation will be extended in the next
generation to accommodate a wider variety of hardware devices, programming language
interfaces, and IDM.

!Identification of products is for research documentation purposes only, and does not constitute an
official endorsement by HumRRO or the research sponsors. ,?
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Part 1
INTRODUCTION

BACKGROUND

‘The objective of Project IMPACT (1) is to evolve a series of prototype systems of
computer-administered instruction (CAI) in order to produce a total CAI system that is
effective, efficient, and cost-effective for operational use in Army training.! The proto-
type CAI systems developed in Project IMPACT include four kinds of components:

(1) Hardware: The computer, student stations, and associated equipment.

(2) Software: The computer programs that control operation of the hardware.

(8) Courses of Instruction: The content and logic of courses of instruction.

(4) Instructional Decision Models (IDMs): The rules and strategies for deciding

what instruction to present next to an individual student.

The hardware and software components of the IMPACT system are described in Project
IMPACT—Computer-Administered Instruction: Description of the Hardware/Software
Subsystem, JlJumRRO Technical Report 70-22 (2). The present document describes in
more detail the characteristics and capabilities of the hardware and computer software
that are involved in preparing and managing the content (text) of courses of instruction.

In a developmental project for CAI, such as IMPACT, various approaches to design
are explored. The overall goal is to evolve efficient, effective, and economical systems and
subsystems that may then be incorporated into an .operational environment. The system
components described here are a part of a ‘first-generation” prototype in operation at
Project IMPACT but not intended for implementation directly in Army schools.

In computer-administered instruction a great deal of information is transmitted back
and forth between the computer and each student. The information provided by the
computer system to the student may take many forms, depending on instructicnal
objectives and strategies—uarrative explanations, questions and practical exercises, defini-
tion of terms, graphic illustrations, words of encouragement or reprcof, study assign-
ments, or literature references—in short, any of the kinds of information a tutor might
provide his student.

The development of computer-administered courses involves at least two distinct
processes, the first of which handles the substance or content of the instruction (i.e., the
subject matter). This process includes writing and arranging the content in a way that is
appropriate for computer presentation and for interaction between the learner and
instructional decision model. It also involves storing this content in computer readable
files. The product of the first process is what is referred to in this document as “text.”
Preparing, storing, managing, and retrieving this text is called “‘text handling.”

The second process (not the focus of this report) concerns the procedures or logic
by which the content is presented to students, and by which students communicaie with
the content and the computer. This process is discussed in HumRRO Technical Report
70-22 (2).

The plan for Project IMPACT is described in the Technical Development Plan, 2 December 1966,
and the relationship between IMPACT and the fulfillment of Army Training needs is given in “USCONARC
Long Range ADPS Master Plans (Schools),” Headquarters, U.S. Continental Army Command, Director of
Management Information Systems, 27 December 1968.
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The combination of hardware, computer software, instructional software, communi-
cations facilities, CAI personnel, and procedures that together perform text-handling
functions is called the text-handling subsystem. This subsystem may be designed and
described from several points of view—hardware and communications engineering, soft-
ware design and implementation, data management technique, and so on. This report
does not approach text handling from a hardware or communications engineering view-
point; rather text handling is conceived and addressed from the viewpoint of instruction
developers in an operational CAI system—authors, instructors, and instructional pro-
grammers. The kinds of problems discussed include:

(1) The major requirements for preparing and maintaining the content of CAI
courses.

(2) The computer-based tools the IMPACT system provides to assist authors in
preparing instructional text.

(3) How the IMPACT text-handling subsystem minimizes hardware and soft-
ware constraints on instructional design and strategies.

(4) How the IMPACT text-handling subsystem interacts with other components
of the CAI system; whether it is dependent on specific hardware devices,
software systems, or CAI languages.

(5) What the components of the IMPACT text-handling system include.

(6) How the author of a course uses the facilities provided.

TEXT-HANDLING CONSIDERATIONS IN CAl

Some of the major considerations and problems in text handling are:

(1) The conversion of text from author to computer storage. ,

(2) The need to relieve authors of technical hardware and software concerns
while they are preparing course content.

(3) The relation of text handling to programming languages used to specify the
logic of a CAI course.

(4) The iterative nature of CAI course development.

(5) The management of course development activities.

{6) The influence of the text-handling subsystem on course design and instruc-
tional strategies.

A major concern in CAI course development is that of converting the authors’
instructional materials to computer storage. “Computer storage’” means that the text is in
computer-readable character strings, with special formatting characters depending on the
retrieval devices used; the text is in elements that the computer can identify and retrieve
at the appropriate time for an individual student.! In any computer-based system there
are some hardware and software dependent characteristics to the computer-stored text.
Hence, some conversion of text must be made before the author can transfer it to
computer storage. The steps in this conversion may be performed by the author, by
intermediary personnel and programis, or by hardware.

Course authors and researchers generally want to be unencumbered by technical
hardware and software considerations, so that they can be free to attend to pedagogical
coricerns. This is one of the reasons for the development of more than a dozen ‘“CAI
languages’ in the past few years. These special-purpose computer languages, such as
Coursewriter, INFORM, LYRIC, and TUTOR, partly reflect the desire to have increas-
ingly more of the text conversion steps performed by computer rather than mazan.

1gee Appendix A for definitions of text-handling terms.
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Such languages incorporate a number of predefined functions or procedures (e.g.,
student record keeping, response analysis, data collection, and decision making) in
addition to built-in text-nandling functions. The advantages and disadvantages of the
special-purpose CAI laniguages as an approach to CAI programming have been widely
debated among CAI researchers.! Other kinds of programming languages used for CAI
include general-purpose compiler languages such as FORTRAN, PL/1, and ALGOL, and
interactive languages such as BASIC and APL.

Text handling is only one of several kinds of functions performed in any of these
languages. The languages cannot be evaluated on the basis of their efficiency and
effectiveness for text handling alone. A language may provide excellent facilities for
storing and retrieving text, but not provide the computational or string manipulation
facilities required for a particular instructional strategy; or it may provide text-handling
facilities suited to a particular instructional strategy but not to others (e.g., tutorial
gaming).

By isolating the text-handling functions of a CAI system from other functions
performed through software and language, a flexible, generalized text-handling subsystem
can be designed without constraining the choice of languages used to program other
functions of a CAI system. The languages then used for programming the other functions
(e.g., decision making, response analysis, and computation) may be selected on the basis
of their applicability to a specific instructional strategy or mode (e.g., simulation, games,
student inquiry, tutorial, problem solving).

Another major text-handling consideration derives from the iterative nature of CAIL
course development. A CAI course is continually refined as course developers obtain
feedback on student performance, so that the text undergoes continual modification.
Course developers must have a rapid, simple, inexpensive way to retrieve and modify
individual elements of text.

A related consideration in text handling is the management of course development
activities. For lengthy tutorial courses there are thousands of individual elements of text
to be created, converted, and revised. Coordinating and monitoring this effort is complex,
particularly where more than one author is involved.

A critical consideration in text handling is the need fo minimize constraints on
course design and instructional strategy. The way in which the text is stored, identified,
and retrieved in the CAI system has tremendous influence on the flexibility the course
developers have in design of the course. For example, some special-purpose CAI languages
handle text in such a way that it is extremely awkward for the author to provide for
student-initiated inquiries. In some cases it is also difficult for the author to re-use or
recombine segments of text in different ways for different students. Such constraints
allow the author less flexibility in the instructional strategies he can employ. The more
such constraints exist, the more the author must be concerned with technical problems,
computer hardware, and software techniques rather than with pedagogical techniques.

OBJECTIVES OF THE IMPACT TEXT-HAMDLING SUBSYSTEM

In light of these considerations, the objectives of the IMPACT text-handling sub-
system are to:
(1) Minimize costs of course development by providing a fast, easily used way
for the authors to create text and have it converted to computer storage.
(2) Make the course development process more efficient by providing tools for
managing the development process.

! Examples of the “CAI Language” discussions are found in Zinn (8§, 4)-
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(3) Help ensure the effectiveness of CAI courses by providing rapid, simple
means of modifying and mwaintaining the text.

(4) Help ensure the effectiveness of CAI courses by providing for flexibility of
course design and by minimizing hardware/software constraints on course
design and instructional strategies.

(5) Provide a generalized capability that will be usable in a variety of opera-
tional CAI hardware and software systems.




Part 2

OVERVIEW OF IMPACT TEXT-HANDLING SUBSYSTEM

GENERAL CHARACTERISTICS

The salient characteristic of the text-handling subsystem, which is designed to meet
the objectives discussed in Part 1, is that it physically and logically separates the content
of a course from the logic or instructional strategies by which content is presented to
students (5). The subsystem is designed to be compatible with a variety of different
languages that might be used to program the logic, or strategy, of a course. It is also
designed to be implemented with a variety of different CRT devices.

In this approach, the course development team is provided direct online access (via
CRT) to the computer-stored text, for creating, reviewing, and modifying text elements.
Offline access is also provided in the form of hardcopy printouts of text.

Text to be presented via CRT is prepared and stored in the form of small units
called elements which may then be “strung together” in various sequences and combi-
nations by course programs according to the desired instructional strategy. Materials
presented via film projector are stored on film but retrieved through mechanisms similar
to CRT-text retrieval.

The computer programs that contain course logic interact with the text-handling
subsystem through commands to a text-handling software supervisor. The choice of the
language in which those computer programs are written depends on the requirements of
the instructional strategies, the languages available at tne CAI installation, and the type of
programining expertise available to the development staff.

The IMPACT-A text-handling subsystema supports two basic types of activity in the
CAl center—course development and course administration.!

COURSE DEVELOPMENT

The compenents of the text-handling subsystem that are involved in course develop-
ment are:

(1) Authors and other members of the course development team.

(2) The CRT device (the Sanders 720, 6), used for communicating with the
computer.

(3) EDITOR (Entry on Disk of Instructional Text for Online Retrievalj, a
simple yet powerful set of text-handling commarnds used by authors to
create, modify, and retrieve text online.

(4) Text Files on magnetic disk or drum at the computer center.

(8) FACS (File Activity Control System), a set of computer programs that

provides course developers with information about the status and contents
of text files.

1See The IMPACT Staff. Project IMPACT—Computer-Administered Instruction: Descriptior. of tfte
Hardware/Software Subsystem, HumRRO Technical Report 70-22, December 1970 (2} for descriptions of
the total hardware-software subsystcm as it relates to these activities.

15



The text-handling subsystem as it is used in course development is shown in Figure
1. Members of the course development team (authors) create, revise, and retrieve text
online at the CRT through the use of EDITOR commands @ . EDITOR interprets the
commands and executes them @ . EDITOR writes the text on (and retrieves it from) the
text files @. FACS programs @ provide text documentation for use as work-
sheets ® for further course development work such as editing ® and reports @ used in
managing course development activities . More than one person at a time can perform
these activities, on different CRTs.

COURSE ADMINISTRATION

The components of the text-handling subsystem that are involved in course admin-
istration are:

(1) DIRECTOR, the text-handling supervisor. DIRECTOR controls the retrieval
of text from text files, and transmits it to a student’s CRT. DIRECTOR is
the interface between course logic and the text-handling subsystem.

(2) The CRT device used to communicate between student and computer.

(3) The text files containing the elements of text to be combined in various
ways to form instructional unifs of a course.

(4) Tne Perceptoscope film projector.

The text-handling subsystem as it operates during course administration is shown in
Figure 2. Course programs (not considered part of the text-handling subsysteri) analyze
student responses and make instructional decisions @ . Based on those decisions, the
course programs send cominands @ to DIRECTOR® as to which text materials to
transmit next to the student. DIRECTCR retrieves the appropriate text from the text
files @ and transmits it to the student’s CRT & . DIRECTOR also transmits commands
to the Perceptoscope ® , which selects and projects film presentations.

In the remainder of this document, EDITOR and FACS are described from the
point of view of course development activities. DIRECTOR is described from the course
administration point of view.
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Part 3
PREPARING INSTRUCTIONAL TEXT USING EDITOR

EDITOR (Entry on Disk of Instructional Text for Online Retrieval) is a simple yet
powerful set of computer commands that simplifies text handling for members of a CAl
course development team. Course authors, instructors, and researchers can create, revise,
and retrieve text online at the CRT, without going through intermediaries such as CAI
language programs, human coders, or computer center procedures. Any element of text
may be retrieved directly and viewed on the CRT as it will appear to students. Various
sequences of text may be reviewed independently of TAI course programs.

The following is an example of how a CAI team member might use EDITOR. (The
commands shown here are explained in detail in later sections.)

A course author (Smith) sits down at the CRT, with notes about the text he
wants to compose. His first element of text will be called INTROSEERIES. He types on
the CRT keyboard the command:

(CREATE D1977, BY SMITH, INTROSERIES)

This command tells the computer that Smith is about to create element D1977, titled
“Introseries.” If he wishes, Smith can use abbreviations:

(CRE D1977, SMITH, INTROSERIES)

Smith transmits the command to the computer by pressing the SEND key on the
keyboard and then waits a second or two for the computer to tell him to proceed. He
then types in his text.! He can insert or delete words, lines, or paragraphs of text, or
rearrange portions on the screen, through the use of editing keys built into the Sanders
720 CRT. When he is satisfied that the text 10oks the way he wants it for his students,
he SENDS the text element to the computer. The computer stores the element on the
text file. Smith receives an acknowledgement that the CREATE is completed.

Smith now wants to see how the INTROSERIES text looks to the student in
the context of a series of elements in an instructional unit. He types the command:

( (DISPLAY D1975), (DIS D1976), (DIS D1977))

and SENDS the command to the computer. Element D175 immediately appears on the
CRT screen. Smith reads it and presses SEND. Element D1976 appears on the screen.
Smith reads that and again presses SEND. Element D1977, INTROSERIES, appears on
the screen. Smith is satisfied with the continuity among the three elements, but wonders
how 1977 would look to a student who received a different unit of instruction in which
he would see D1977 after D1968. He types the command:

((DIS D1968), (DIS D1977))

He reads D1968, presses SEND, and then reads D1977. He notices a slight discontinuity
from 1968 to 1977, which can be remedied with a minor change in wording on D1968.
He types the command:

(MODIFY D1968, SMITH)

1 See Figure 3 for an example of-how the text will look on the CRT.
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D1968 appears on the screen again. Smith changes the last sentence in D1968 and
SENDS the revised version to the computer, which stores it in place of the old one.
Smith receives an acknowledgement that the MODIFY is complete.

EDITOR commands are used by course wauthors, instructors, editors, and
researchers—in short, znyone who has anything to do with the text of a course. The
commands are used to create new text, and to edit or modify existing text. They are
used to reirieve selected text elements, or to review various sequences of instructional
frames. EDITOR commands may be used to extract text sequences from a course for
demonstration or research purposes.

Depending on the organization of the CAI project and course development staff, the
EDITOR commands will be us=d in different activities by different persons. For example,
in a large course production effort, a separate clerical staff may be assigned the job of
inputting the text on the CRT. In this case, they would wor): from specifications from
the course authors, showing how the text is to be formaited on the screen (spacing,
columns, etc.). The course authors might then use EDITOR commands to review that
work to see how it looks on the screen.

Depending on his capabilities and interests, and the standard operating procedures of
the staff, the course anthor may choose to create the text online himself without tne
assistance of intermediate personnel. It is particularly useful to the author when he is
experimenting with new techniques for presenting ideas on the CRT, to be able to see
immediately how the material will look to the student.

THE S$'"X EDITOR COMMANDS

There are si> EDITOR commands, beginning with the following verbs or their

. abbreviations:

CREATE (CRE)
MODIFY (MOD)
DELETE (DEL)
COPY (COP)
DISPLAY (DIS)
ROLL ON (ROL)

EDITOR commands operate on individual text elements. An element is a uniquely
identified unit of text for storage and retrieval purposes, which may be as short as one
line or as long as an entire CRT page. Elements are the basic modules of information that
can be combined and recombined in various ways to present instruction to the student.
Such a combination of elements is called a page.

The EDITOR commands include the verb {e.g., CREATE), and the identifier for the
ciecment being operated on (e.g., D37), and in some cases additional information about
the element, (e.g., title). The identifier and the-additional information are called the
arguments of the command.

These commands may all be initiated at the CRT keyboard, by typing the verb and
its arguments, and enclosing the command in parentheses. The verb may be spelled out
fully, or abbreviated by using the first three letters, and arguments are separated by
commas. The uses of these commands are described in the following sections.
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CREATE (CRE)

Purpose. CREATE is used to store a new element on a text file.
Format. (CREATE identifier, name, title).

Use.

Identifier is a code that indicates which element within which text file is to be
created. These codes are assigned by the course development team (See
page 11 for a discussion of the text file organization).

Name is the name of the person creating the element.

Title is the title of the element. Titles can be used to provide more meaningful
information to the CAI team than the coded (element) identifiers.

The entire command is enclosed in parentheses.

The arguments are separated by commas.

To CREATE a new element:
- Type the command on the CRT keyboard, e.g. (CRE D1977, SMITH, INTRO-
SERIES)

Press SEND BLOCK key and wait for the computer to acknowledge the request.

- CLEAR the screen (press CLEAR key).

- Type the text of the element. After it looks the way you want it—

- SEND PAGE. After the computer has completed ‘he CREATE, an acknowledg-
ment appears on the screen. This is the case with all commands.

MODIFY (MOD)

Purpose. MODIFY is used to make changes to an element that has already been stored.
Format. (MODIFY identifier, name, new-title).

Use.

Tdentifier is the code by which an element was previously stored.

Name is the name of the person making the change.

New-title is used if the title is to be changed from the old one. Otherwise titie may
be omitted from the command.

To MODIFY an existing element:

- Type the command on the CRT keyboard, e.g., (MCD D1977, JONES, INTRO-
SERIES2).

. SEND the command to the computer (Press SEND BLOCK key).

Wait for the computer to transmit the old D1977 to the screen (this usually takes

about half a second).

. When element D1977 appears on the screen, make the desired changes by replac-
ing, deleting, or inserting characters, words, or lines of text. The keybcard has
special editing keys that make it easy to change parts of the text without
retyping the entire segment. When all desired changes have been made—

. SEND the revised element to the computer (Press SEND PAGE key).

DELETE (DEL)

Purpose. DELETE is used to delete an element from the file.
Format. (DELETE identifier, name).

Identifier is %}ie code under which the element was created.
Name is the .ame of the person making the deletion.
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Use. To DELETE an existing element simply type the command, e.g. (DELETE D1977,
HARRY), and press SEND BLOCK key.

COPY (COP)

Purpose. COPY is used to copy the text of an element that has already been stored into
anoth~r place on the display files. This capability may be exercised when several
different versions of the same basic element are desired. An element can be copied
into several different file locations (the MODIFY command may then be used on
the copied elements, to make the alterations required for the different versions) or it

can be copied to another text file.

Format. (COPY from-identifier, to-identifier, name, new-title).
From-identifier is the key under which the element was originally stored.
To-identifier is the key to which the element is to be copied.
Name is the name of the person initiating the COPY.
New-title is the title to be assigned to the new copy of the element. If no new title
is desired, omit the argument.

Use. To COPY an existing element simply type the command, e.g., (COPY D1971,
D1980, JANE, NEWSERIES), and press SEND BLOCK.

DISPLAY (DIS)

Purpose. The DISPLAY command is used to retrieve prestored elements from the files
and view them on the CRT. This command makes it possible for any member of the
course development team %o view any element or series of elemernts of the course at
any time. One can “step through” a series of instructional elements to see how they

will look to a student, or for demonstration purposes.
Format. (DISPLAY identifier).

Use. To call an element to the CRT screen, simply type in the command, e.g. (DIS
D1977), and press SEND BLOCK. The computer clears the screen and then trans-
mits the segment to the screen.

ROLL ON (ROL)

Purpose. The ROLL ON command is used to retrieve a prestored element from the files

for viewing on the CRT, as with DISPLAY. ROLL ON differs from DISPLAY in
that the element is rolled on to a specified position on the screen, without
disturbing what is already on the screen, whereas DISPLAY first clears the screen.
The format and use of ROLL ON are described on page 17 following the discussion
of blocking.
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ROLL ONS AND BLOCKING

One of the greatest advantages of CAI from an author’s standpoint is that it can
provide continuous interaction between an individual student and his computer-tutor. The
computer can elicit frequent responses from the student, who can get immediate feed-
back in the form of special instruction, test scores, answers to his inquiries, and so on.
The CRT is particularly useful for this kind of interaction, because a conversation can
take place on the screen as though the student and computer were writing notes to one
another on a chalkboard or scratch pad. The easier it is for the author to specify the
nature of the conversation that is to take place, the more flexible and responsive the
instructional system can be to the individual student.

In Figures 3 and 4, a conversation between student and computer is illustrated. In
Figure 3 the student sees a question asked of him. His own answer, and the computer’s
feedback to him concerning his answer are shown in Figure 4. When the feedback is
transmitted to the screen the original question and the student’s answer are left undis-
turbed. This technique is called a “roll on,” because, in effect, an element of text is
“rolled on”’ to the screen.

In order to roll a text element onto the right place on the screen, the computer
needs a way of addressing specific portions of the screen. In some display systems this is
achieved by addressing the actual coordinates of the screen—for example, 10 lines down,
seven spaces across.

BLOCKING

In the Sanders 720 display system screen positions are addressed through a mechanism
called “blocking.” EDITOR has the capability of addressing these blocks. The text elements
have embedded in them special characters that indicate the beginning of a new block. The
blocks can then be addressed by number. So, for example, the feedback (as shown in
Figure 4) was rolled on to Block 3. The spaces where the student gave his answers are a sep-
arate block, Block 2. When the student transmits his answer to the computer he transmits
only the answer block (by pressing SEND BLOCK key on the keyboard). Other text on the
screen remains unaffected by that transmission. This minimizes communications line usage.

Hence again the authors need not specify the screen coordinates of student
responses. They simply create the text element with the appropriate blocking characters
embedded in them. For example, D1977 (Figure 4) contains three blocks—one for the
question, one for the student’s answer, and one for the feedback roll on. The text of the
feedback itself was created as a separate element and stored on the text file with its own
identifier, F105. After the student sent his answer to the computer, F105 was rolled
onto the screen. Had he given a different answer, a different feedback would have been
rolled on.

A schematic of the block structure for D1977 is shown in Figure 5.
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Schematic of CRT Block Structurz for D1977
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THE ROLL ON COMMAND

Purpose. ROLL ON is used to retrieve a selected element for viewing on the CRT screen.

—_—

The element is rolled on to a specified block on the screen.

Format. (ROLL ON identifier, block-number)
Identifier is the key for the element to be rolled on, e.g., F105.
Block number is the number of the block that the element is to be rolled onto, e.g.,
(block) 3.

Use. A typical sequence for using ROLL ON is as follows:
Use DISPLAY command to retrieve a master display for viewing on the screen. That
master display should contain a blank block for roll ons.

Without clearing the screen, type in the ROLL ON command for the element to be
rolled on, e.g., (ROL F105, 3). Press SEND BLOCK.

The new element will appear on the screen in the block requested. That element can
then be seen as it will appear to the student, in conjunction with the master display.

MULTIP-E COMMANDS
In the example on page 11, Smith first issued the command to CREATE element

D1977. After he created D1977, he issued a command to DISPLAY D1975, D1976, and
D1977. Instead of issuing two separate commands, however, he could have issued the
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following command at the outset: ((CREATE D1977, SMITH, INTROSERIES)(DIiS
1975)(DIS 1976){DIS 1977)). Had he done this, the computer would have automatically
transmitted D1975 to the screen as soon as Smith was finished creating D1977.

This capability for issuing multiple commands in cne statement has a variety of uses.
For example, if Smith wanted four slightly different versions of D1977 for kis course, he
would fizst have the original D1977 copied three times by issuing the foliowing
command: ((COPY D1977, D1981, SMITH, INTROSERIESZ2)(CCPY, D1984) (COPY,
F408)). Then he would call out the elements and alter them, through the MODIFY
command.

This series of commands will COPY D1977 inic D1981, D1284, and F408. Note
that the FROM argument 31977 is omitted on the second two commands, and only a
comma is given to indicate the omitted argument. This is possible because EDITCR will
assume that the later commands are still referencing the argument given on the first
command. The same is true of SMITH and INTROSERIES2. All three of the COPIED
versions will have the same title—IntroseriesZ. If different titles were desired for the
different versions, the command series would look like this:

(COPY D1977, D1981, SMITH, INTROSERIES2)
((COPY, D1984,,0THERTITLE) (COPY,F408, THIRDTITLE)).

Note that the FROM and NAME arguments D1977 and SMITH, may be omitted in the
second two commands, by simply typing the commas that separate the omitted
arguments.

Anocther example of a multiple command is:

((COPY D111, 173, SMITH, PRACTICE9) (MODIFY 173)).

The above command series will COPY D111 into D173, give D173 the title
PRACTICEY, and project D173 onto the screen. D173 may then be changed. SEND
PAGE will transmit the revised verison of D173 to the computer.

PREPARING A SERIES OF DISPLAYS FOR ONLINE PRESENTATION

EDITOR commands may be used to create simple series of displays that may be
presented online automatically, without using any other CAI programining language. The
series of displays may be a linear or a simple multiple-choice branching course. Such
sequences are created by embedding EDITOR commands into the text of the displays.
Thus, one display page automatically calls the next. After the student reads one display
he presses the SEND button, which transmits the element back to the computer. The
EDITOR command embedded in that page then causes the computer to display the next
page.

This ‘‘page turning”’ use of EDITOR commands is very convenient for creating short
orientation programs. For example, selected elements from a longer, more complex
course may be COPIED and modified slightly to incorporate the EDITOR commands into
the text. Then the extracted version of the course may be used for orientation or for
experiments.

One course created in this way at Project IMPACT is on the subject of using
EDITOR commands. The computer is not programmed to analyze student responses in
this course; however, it provides a structured text presentation and enables the student to
become familiar with the CRT screen and keyboard. After he steps through the instruc-
tional text online he can then practice using the EDITOR commands he has learned.
Sample pages from this course are shown in Figure 6. The EDITOR commands embedded
in the iext are circled on the figures. —
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Aruitoxt provided by Eric
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Excerpts From EDITOR Course
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Figure 6
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EDITOR commands may aiso be used to tie together a series of display pages that
form an instructional unit. Each page of text automatically calls the next, within the
instructional unit. The selection of the unit to be presented to a student at a given point
in his instruction will be determined by the course logic program.

THE SIGNIFICANCE OF EDITOR

EDITOR, a key capability in the IMPACT CAI system, has the following significant
features:

(1) EDITOR allows persons who are completely riaive with respect to com-
puter programming to store and retrieve display materials from computer storage.

(2) EDITOR commands are so simple to use that tiey may be taught very
quickly to untrained personnel.

(3) EDITOR makes it possible to revise instructinnal materials without com-
pletely recreating them.

(4) EDITOR makes it possible for zny member ol the course development
team to create, modify, or simply view any of the instructional display material. Any
team member has rapid access to the material at any time, and can view the material on
the CRT screen as it will appear to the student.

(5) Text materials may be created, stored, retrieved, and revised via EDITOR,
in any sequence at any fime. The instructional strategy by which the text is to be viewed
by students in a course does not affect the manipulation of text via EDITOR. EDITOR
commands may be used to retrieve a series of text elements for various course develop-
ment and researcn purposes.

() EDITOR makes it possible to prepare, store, edit, review, and revise
instructional text without affecting computer programs. This is in contrast to CAI
software systems in which instructional text is embedded in the logic instructions of the
computer programs. With EDITOR, all text is physically segregated from program steps.
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Part 4

THE TEXT FILES

A computer has access to files of material stored on magnetic disk or drum at the
computer center. Text that is to be presented to students via CRT is stored on these
files.

The IMPACT text-handling subsystem is designed to store, retrieve, and combine
elements from any number of different files. The names, purposes, and characteristics of
the elements in those files are determined by the course development team to suit the
purposes of the CAI installation or an individual author.

MULTIPLE FILES

It is often useful, during course development, to categorize text elements according
to their instructional purpose. For example, a separate citegory of elements might be
made of questions to be asked of the student. The different categories of elements also
have different physical characteristics—for example, questions are usually relatively short
whereas a mainline explanation of a concept may be as long as a whole CRT page.

The different categories of text elements may be stored on different text files.

PRESENT IMPACT TEXT FILES

At the present time Project IMPACT has four text files: “D”, “I”°, “F”’, and “Q”.
The characteristics of these files are described as follows:

«D”File. The D file is used for what are called ‘‘mainline’” or “master” text
elements. These are usually long elements containing explanatory text, questions to the
student, answer blocks, blank blocks for roll ons, and so on. The mainline instruction in
a tutorial course is usually contained in these D elements.

D elements may contain up to 1023 characters (one less than the maximum
number of characters that can be displayed on the Sanders 720 CRT screen). The
retrieval ID for D elements is the file location number (e.g., D1977).

“I’File. The I (Inquiry) file is used for definitions and review material that a
student or author may retrieve by a symbolic name. The maximum length of an I
element is 699 characters. The retrieval ID for I elements is a unique string of up to 40
characters.

“F» File. The F file is used for feedback and associative elements, such as an
explanation of why a student’s answer was wrong, the correct answer to a question, or a
short review. They are usually, but not necessarily, used as roll ons.

F elements may be up to 699 characters long. The retrieval ID is the file
location (e.g. F37).

“Q” File. The Q file is reserved for questions and problem statements that are rolled

onto a master element. Qs, like Fs, are up to 699 characters long and are retrieved by file
location ID (e.g., Q11).

ERIC 29

21

ety

b S



RELATION OF TEXT FI'_ES TO COURSES

Text files are not physically or logically tied to specific courses of instruction.
Course programs may call on any text elements in any of the files. In addition, elements
for one or several courses may be stored on the same files. Some standard messages might
be used many times in several different courses. For example, messages found to be
useful in specific circumstances in motivating in one course could be called on as needed
in other courses. Short orientation courses may call on elements from operational
courses. Different versions of a course may be prepared for experimental purposes, all
calling on the same text elements.

INFORMATION IN THE FILES

In addition to the actual text, other information is included with each eler.ent in a
file. This information is used for administrative purposes (it is not presented to the
student) for course development and maintenance, and includes the following items:

(1) Retrieval ID
(2) Title of the element (up to 32 characters)
{3) Author name (up to 15 characters)
(4) Last action performed on this element (CREATE, MODIFY, DELETE,
COPY)
(5) Date and time of last action performed on the element
The use of this information is discussed in Part 5 of this report.

RETRIEVAL IDENTIFIERS

Each element on the files has a unique retrieval identifier. Usually, the identifier
consists of the actual file location (e.g., D1977 is the identifier for the element at
location 1977 in File “D”). In some cases, a symbolic name may be substituted for the
file location identifier. Use of a symbolic name enables students or authors to retrieve
information directly from the files. This is useful for student inquiries into a glossary or
dictionary, for example. In such a case the glossary term would become the symbolic
name.

For example, in a course prepared by Project IMPACT, a student may type the
following request:

INFO-DATA PROCESSING

“Data Processing” is the symbolic name of an elemient that contains the definition of
data processing. Hence the definition of data processing is rolled onto the screen in
response to the student’s request.

FILE INTEGRITY AND SECURITY

If operational requirements so dictate, the text files can be protected from
unauthorized changes, by using the author name as a password when modifying or
deleting file elements.

The protection of classified instructional materials from unauthorized access, either
online or offline, would be provided to operational installations as an optional system
feature. The inclusion of hardware, software, and procedural mechanisms to satisfy security
requirements will be determined by the classification requirements of the instructional
materials and environment. 30
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Part 5
FACS (FILE ACTIVITY CONTROL SYSTEM)

FACS is an automated tool that assists in developing and maintaining text. As shown in
Figure 1, FACS is used after text has been created and stored on text files. FACS computer
programs read the text files and produce reports concerning the files. Any particular report
can be produced on request of the course development team. 'The primary reports include:

(1) Image, which presents a text element exactly as it will appear on the CRT,
plus information about the element.

(2) Dumptext, which presents a series of text elements in the order in which they
will appear in an instructional unit.

(3) String, which lists all the text elements containing a particular word or
sequence of characters (i.e., a character string).

(4) List_and Totals, administrative reports on the status of files and text
elements. ’

These reports are used in managing the course development effort and in developing
and maintaining text. The ways in which the reports are used are discussed in the following
section, after which the major reports are described.

FACS MANAGEMENT USES

FACS reports provide the manager of course development with the tools for monitor-
ing course development progress and evaluating text production. FACS provides summaries
of the text elements that have been created or modified within a particular time period, so
that the amount of production can be easily ascertained. Up-to-date lists of text elements by
title and author give the manager a ready reference to the individual who has worked on
specific text elements.

Recent modifications to the course coine to the manager’s attention through selective
Image and Dumptext reports, which show text elements changed since a particular date.

The manager can review all the text related to a particular course objective through
Image or Dumptext reports that have selected those elements. He can review all text related
to a specific subject with the help of String reports that list all text containing a particular
word or phrase.

The manager can maintain a record by file of the records that are in use.

FACS TEXT DEVELOPMENT USES

Members of the course development team have many occasions tc refer to previously
stored text. They may retrieve the text online via the CET and EDITOR commands. For
certain tasks it is more efficient to work frem hard-copy reports, and FACS makes it
possible to maintain current hard-copy documentation of all the text at all times. These
copies become worksheets for the members of the team. For example, an author may note
corrections and changes on an Image report. The worksheet then becomes input to a clerical
assistant who inputs the changes to the computer. Once the change is made, FACS provides
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an updated version of the text to keep in the documentation. Given the iterative nature
of CAI text development, it would be nearly impossible to maintain an up-to-date
documentation manually.

FACS administrative reports assist the members of the development team by pro-
viding an up-to-date log of all text file locations that have been used, and the locations
available, as well as the titles and authors of each element in the files. Thus, the course
development team is relieved of the tedious task of maintaining activity and status logs
on the text.

TEXT DOCUMENTATION AND WORKSHEETS—THE IMAGE REPORTS

Image is the principal FACS output. It contains a replica of a text element, as it
appears on the CRT screen. Image also shows the characters of the element exactly as
they appear in computer storage.

Figure 7 shows a sample Image report page. The nonshaded portion at the top of
the page provides administrative information about the text element: its identifying
number; its title; the last operation performed on the element; the date and time the
operation was performed; and the author’s name. The light shaded middle portion is the
image of the text as it appears on the CRT. The dark shaded portion provides technical
information about the text, including an image of the way it appears in computer
storage.

When an Image report is requested, the user can specify which text elements he
wishes to have included in the report. He has the following options:

(1) Include all elements within a specified range in a particular text file (e.g.,
D1100 through D1275).

(2) Include only elements that were created, modified, or copied since the last
Image report.

(3) Include all elements in a particular file.

As discussed on page 28,Image reports are used in a variety of ways as documenta-
tion and worksheets by course developers.

A SERIES OF TEXT ELEMENTS—THE DUMPTEXT REPORTS

Dumptext reports provide an overview of a series of text elements. As shown in
Figure 8, a series of text elements from different files, which forms an instructional unit,
is condensed on one report page. In the example in Figure 8, a mainline element, D1105,
is shown (circled) on the left. Note that it is printed in abbreviated form, without the
spacing and formatting that would be seen on the CRT screen. In the middle of the page
is a question element, Q503. This is a question that will be rolled on the screen with
D1105. On the right are three “‘feeapack”’ elements, F552, F553, and F554. These are
elements that will be rolled on the screen, depending on the student’s response to the
question.

Dumptext reports are used in a number of different ways by the course develop-
ment team. They are used to get a quick overview of a series of related text elements, or
to check on continuity and consistency. This is particularly important when several
authors have written different portions of the text. Some authors use Dumptext reports
as worksheets or flowcharts for specifying course logic to the course programmers. The
condition under which each element is rolied onto the screen may be handwritten on the
report page next to the printed text.
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AN ANALYTICAL TOOL—-THE STRING REPORTS

String reports are an analytical tool used to study course content for a variety of
purposes. The String program searches through the text files to find character strings
specified by the user. Figure 9 shows a sample String report. ‘“‘SYSPUNCH” is a
character string specified by the user. The report lists the elements @ that SYSPUNCH
appears in, and the number of times SYSPUNCH appears in each element ®@ . The total
number of display elements SYSPUNCH appears in is summarized @, and the total
number of times SYSPUNCH appears in those elements is shown & . The sample report
includes similar information on the character string “CONSOLE”.

Sample String Report

(D SYSRUNCH APPEARS IN :
FILE D @

736¢ 1), 7®37(C?)l.
@ COUNT OF DISPLAYS = 2 @cuum GFf OCCURENCES = 2
CONSOLE APPEARS IN 3
FILE D *
515¢ 1), Tasl 1)s 9540 L)y
COUNT OF DISPLAYS = 3 COUNT OF DCCURENCES = 3
TOTAL NUMBER OF DISPLAYS CONTAINING STRINGS 1S 5

Figure 9

Examples of the ways in which String has been used inciude:

(1) In developing a glossary for a course, a team member asked for String
reports on 100 words or phrases that were candidates for the glossary. On
the basis of the String reports, the 25 most frequently used terms were
selected.

{2) To check on the comsistency of the use of several terms, the manager of
course development requested a String report on these terms. With the
String report, he was able to scan the selected text elements to check on
consistent use of the same term throughout the course.

(8) After several experimental students had taken a course, it was determined
that two words in the course were being used in ways thai confused the
students, and it was decided to replace them with a new phrase. String
reports enabled course authors to identify the offending text elements and
make the appropriate modifications.

ADM!NISTRATIVE REPORTS

Two FACS reports provide administrative logs of file and text status. The List
report is simply a list of al active file locations, showing the element idexntifier and title
for that file location. It provides an wup-to-date reference Tor course developers of the
status of the text files.

The Totals report shows at a glance the production that has taken place in the text
development effort. For each text file, the report shows the number of elements created,
modified, copied, and deleted since the last yveport date.

35 27



i w

ST AN TR RN N it S e

Part 6

HOW THE COMPUTER HANDLES TEXT
DURING COURSE ADMINISTRATION

DIRECTOR (Directing Text for Online Retrieval) plays a key role in course admin-
istration. When a student is taking a course, DIRECTOR guides the text that the student
sees on the CRT. The IDM and course programs tell DIRECTOR what combinations of
text elements to display to a particular student. DIRECTOR receives the commands from
the course programs, retrieves the appropriate text elements from the files, and transmits
them to the appropriate place on the student’s CRT screen.

DIRECTOR commands are very similar to EDITOR commands, with two
exceptions:

(1) While EDITOR commands are initiated by a human online at the CRT
keyboard, DIRECTOR commands are normally initiated by the computer
programs containing the logic of a course.

(2) DIRECTOR commands contain certain features and options not included in
EDITOR. These provide flexibility in text handling during course adminis-
tration, and efficiency in course program implementation.

DIRECTOR interfaces with course programs and CRT hardware devices. The relation of
DIRECTOR to those components is explained in the following section.

DIRECTOR AND COURSE PROGRAMS

Course programs are computer programs that contain the logic of a course—that is,
the rules for analyzing student responses, the rules for choosing the instruction to present
next, instructions to collect data on student performance, and so on. At Project IMPACT,
thess course programs are usually written in the IMPACT-Coursewriter language, since
Coursewriter’s computer software has built into it many such useful capabilities as
keeping student records, analyzing student responses, and collecting data on student
performance.!

DIRECTOR, however, like the other components of the text-handling subsystem, is
not dependent on Coursewriter. Text-handling commands may be issued to DIRECTOR
from computer programs that are written in any language suitable for expressing the
course logic.

By analogy, the course program with the IDM may be thought of as the professor
and DIRECTOR as his assistant. The professor plans the instruction and conducts the
class session, while the assistant helps get the material ready and distributes it to the
students.

The interface between course programs and DIRECTOR is as follows: When a
student is taking a course, the course program determines what text the student needs

1 IMPACT-Coursewriter is an extension of Coursewriter 1II for the IBM Z60 computer. Coursewriter
III is the special purpose CAI language developed by IBM for use on the 360 computer (Coursewriter I and
II were for the 1401 and ihe 1500 computers). Froject IMPACT has extended the capabilities of Course-
writer III to support CRT terminals and to make course programs more efficient.
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next. The course program then issues an instruction that causes the material to be output
to the student.
For the readers familiar with Coursewriter the following example is provided:

In the case of Coursewriter, the instruction takes the form of a qu, ty, or rd. They are
standard output instructions built into the Coursewriter language. In Coursewriter III,
without DIRECTOR, the text to be transmitted to the student would be included in the
content of the output instruction, for example:

qu What is 2 plus 2?

The computer would output the character string “What is 2 plus 2?” to the student station.
In IMPACT-Coursewriter with DIRECTOR a command replaces the actual text in the
instruction, for example:

qu (DISPLAY D1100)

When this qu instruction is executed, DIRECTOR intercepts the command ‘‘(DISPLAY
D1100).” DIRECTOR then interprets and executes the command to retrieve and transmit
the text element D1100 to the student.

Similarly, course programs written in languages other than IMPACT-Coursewriter
may issue output instructions containing DIRECTOR commands. DIRECTOR intercepts
the output instruction to see whether it contains a DIRECTOR command. If it does,
DIRECTOR executes the command. DIRECTOR may operate with more than one course
program at a time, and with more than one programming language at a time. For
example, the instructional programming staff may choose PL-1 as a language for program-
ming a particular ccurse. The language offers powerful data manivulation and string
handling capabilities useful for complex response analysis. Any other computer language
that operates under the IBM 360 operating system may interface with DIRECTOR.

DIRECTOR AND CRT HARDWARE

The CRT device used at Project IMPACT is the Sanders 720 and keyboard. This
device has certain characteristics that make it attractive for CAI applications (e.g., the
blocking capability described in Part 3 of this report). DIRECTOR commands are
designed to take full advantage of the capabilities of this particular device.

However, DIRECTOR (as well as the other components of the text-handling sub-
system) is not dependent on the Sanders 720. That is, the computer software for
DIRECTOR was designed in such a way that it may be implemented for use with CRT
devices other than the Sanders 720, even if they have features and capabilities that differ
from the Sanders 720. If an alphanumeric CRT device is compatible with the 360
computer and 360 Operating System, it is also compatible with DIRECTOR; however,
support for other CRT’s is not currently implemented at IMPACT.

DIRECTOR AND COURSE AUTHORS

The text-handling commands are easy to learn and use by persons with no knowl-
edge of or experience in computer programming. If an author codes the course programs,
he can easily learn to incorporate DIRECTOR commands into those programs.

Some CAI projects are organized and staffed so that the course author himself does
not write the programs, bui rather supplies logic specifications to a computer pro-
grammer. In this case, the author does not learn all the details of DIRECTOR text-
handling commands. He needs to know, aside from the EDITOR commands discussed in
Part 3 of this report, only the capabilities of DIRECTOR and how they affect his course.
This section describes these functional capabilities.
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The primary capabilities from an author’s viewpoint are four: Dynamic text crea-
tion, conversational interaction, student inquiry, and generalized course logic.

DYNAMIC TEXT CREATION

The phrase ‘“dynamic text creation’ used here refers to the creation of pages of text
by DIRECTOR, at the time a student is online. (DIRECTOR does not actually “create’’
the text in the sense that a writer does offline or which an author might do online using
EDITOR commands.) DIRECTOR combines text elements to form a CRT page. The
pages of text are created by combining text from one or more of the following sources:

(1) Elements from the various text files (described in Part 4).

(2) Material generated in real time by the cotirse programs (e.g., test scores, or
diagnostic summaries for the individual student).

(3) Material input by the student himself (e.g., his actual response to a
question, or his questions to the computer).

(4) Data from buffers and counters in the course logic section.

Sample Portion of an IMPACT Coursewriter Program

/DXP40 \

1- 0 RD (DIS D 365, 1) {Command to DIRECTOR to transmit
: display)
1- 1EP (Command to poll student for response)
1- 2 FN RECORD (Store a copy of the student’s record)
DBP22

1- 0 QU (ROL @260, 1, 2) (Command to DIRECTOR to transmit
question)

1- 1 EP (Poll student for response)

1- 2 ED CH*/CH*/CH* (Instructions for recognizing student’s
response)

1- 3 LD DBP24/R1 "
1- 4 LD 33/C69 "
1- 5 AA (L) WORKING*STORAGE™* & "

1- 6 LD 1/81 "
1- 7LD 4/B1,52,1 (Load decision factor values into
student’s record)
\1_1_ 8 BR VALO2 (Transfer control to 1DM) /

Figure 10
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Dynamac text creation, from an author’s point of view, means that:

(1) He can write a text element once and have it used and reused in different
ways in different parts of a course (e.g., standard feedback messages, reminder messages,
review summaries, or standard remedial material).

(2) He can have information that is pertinent to a particular student at a given
point in time inserted into standard prestored text elements. For a simple example, the
program might insert the student’s name into & prestored element.

(3) He can have material the student himself input, combined with prestored
text. For example, as shown in Figure 10, the author can ask a student to rethink an
answer thai he, the student, had given earlier in the course.

(4) The author does not need to write every uniyue page of text that will be
seen by every student in the course. He writes only the text elements; and, in conjunc-
tion with the modeling (IDM) team members, specifies the rules for combining them into
pages.

CONVERSATIONAL INTERACTION

If student and computer are tc carry on a conversation via the CRT, the CRT device
itself must be controlled in a number of ways. For example, when a student answers a
question, it is often desirable to retain the question on the CRT while the student is
answering. Therefore, his answer must be written on the screen in a particular place, so
that the question is not destroyed. When the feedback from the computer is transmitted
to the student, in order for him to compare his answer with the feedback, the additional
text should not interfere with his original answer. When a student requests the definition
of a term, the definition should appear on the screen in such a way that the text he was
responding to is not destroyed. When he has finished reading the definition, it should be
erased from the screen but the original text should remain intact.

The software capabilities for manipulating the CRT can greatly affect the versatility
and smoothness of the ‘‘conversational” nature of a system. DIRECTOR is designed to
assist both authors and students in this manipulation of the CRT, which is effected
primarily through cursor manipulation. The cursor is the small blinking spot on the CRT
screen that indicates where the next character will be writienn. DIRECTOR controls the
positioning of the cursor, so that text will be written on the appropriate place on the
screen. This occurs both when the computer is writing on the screen and when the
student is writing on the screen (thiough the keyboard). Cursor manipulation, combined
with the blocking feature discussed in Part 3 of this report, make it possible to use the
CRT in a “scratch pad’” fashion, in which porticus of the text are erased while others
remain, and small portions of text are transmitted back and forth between student and
computer using the “scratch pad.” The student may also use the electronic pen on the
CRT to move the cursor about on the screen. He does this by touching the pen to the
spot on the screen where he wants to type.

STUDENT INQUIRY

As stated earlier, DIRECTOR commands are initiated by course programs, and
therefore the course programs have control over what text is presented to each student.
It is also possible for a student to initiate a command. For example, a student may ask
for the definition of a term by typing a special, designated character or group of
characters. For example, in the IMPACT-A system the student types “INFO” and the
term he wants defined. He may type «INFO-COBOL,” asking for a definition of

39 :




“COBOL.” DIRECTOR interprets the request as a command to DISPLAY the text
element from the Inquiry file that shows the definition of COBOL. The information to
be made available upon student request, and the retrieval keys used by the student to
access this information, are entirely at the author’s option. For example in Project
IMPACT’S course on COBOL, “INFO- is preformatted on the student’s CRT page
during those portions of the course where the inquiry capability is to be made available
to him. Thus, the student needs to type oniy fi:e term he wants defined. Retrieval
hierarchies may be designed by the author, in which the student retrieves successively
more detail on a particular topic through successive inquiries.

One example of the application of these capabilities might be in the case of “hands
on’ practical exercises in which the student requests instruction or conceptual materials
on an ‘‘as needed’’ basis, in support of work with equipment.

Course programs may exercise control over when the inquiry capability is available
to the student. Thus, for example, during end-of-course criterion tests the inquiry
capability may be turned off. If the student makes an inquiry, DIRECTOR tells him that
the request is disallowed.

The course author may provide for a motion or single frame film presentation in
response to a student’s inquiry. For example, when the student types “INFO-COBOL”,
he might receive a motion picture presentation on the subject, in addition to the CRT
text preseuntation.

GENERALIZED COURSE LOGIC

At Project IMPACT, most of the logic of a course is incorporated in a generalized
Instructional Decision Model (IDM, 5). This IDM contains rules for determining what text
to present next to a student, on the basis of certain factors about his performance. The
IDM program is designed in such a way that the logic routines (which include DIREC-
TOR commands) are used repeatedly, that is, they are generalized logic subroutines.
Hence, course authors and researchers specify the general iogic, and special deviations
from it. They do not need to specify exactly what decision to make at each point in the
course for each student. An example of a general rule is, “If the student is in Knowledge
State 2 following a question of Type A, then provide him with feedback Type Y.”

Certain characteristics of DIRECTOR make it possible to implement such general-
ized course logic. The course program can determine the text element to be presented
next through the use of a mathematical algorithm.

For example, the specific Type Y associative statement feedback to be presented
might be computed on the basis of an algorithm that relates question types, question
number, feedback types (e.g., confirming feedback, review, or other remediation), and file
locations assigned to particular feedback types. The results of the computation are stored
in a specified place in computer storage. DIRECTOR will treat this place as containing
the identifier for the next element to be retrieved from the text files, when given a
command that contains a symbolic variable. The apility to use symbolic variables in
DIRECTOR commands enables the course programmers to develop generalized logic
modules that are used repeatedly throughout a course of instruction.

DIRECTOR COMMANDS

The major functions performed by DIRECTOR, through DIRECTOR commanrls,
include:

(1) Accepting and interpreting commands.

49

B




(2) Retrieving text.

(3) Transmitting text to CRTs.

(4) Controlling position of cursor and text on CRT screen.
(5) Indirectly controlling presentation of materials on film.

ACCEPTING AND INTERPRETING COMMANDS

DIRECTOR accepts and interprets commands under a variety of conditions. It
accepts commands from computer programs during course administration; it interprets
commands from students’ inquiries; it accepts commands from authors online at the
CRT, at all times. For example, an author may play the role of student in his course, to
check out the text and logic. To do so, he simply sits down at the student station and
“signs on’’ as a student. At anry time while he is ‘““taking” the course, the author may
initiate, from the CRT, either DIRECTOR or EDITOR commands without affecting the
course in any way. He often does so in order to correct an error . the text, or to
troubleshoot some aspect of the logic. One useful characteristic of the commands is that
the author does not need to know the identifier for a text element he is looking at in the
course in order to change it. For example, if the author wants to MODIFY a text
element he is looking at while playing che role of student, he simply types in the
MODIFY verb. DIRECTOR knows the identifier for the text it has just transmitted to
the CRT, and will automatically use that identifier with the author’s MODIFY command.

When DIRECTOR interprets a command, it replaces symbolic variables with the
actual contents of the storage place specified by the symbol. In the case of Coursewriter-
DIRECTOR operation, the symbolic variables may be any of the 31 Coursewriter
counters or six buffers. This provides the indirect addressing feature which is so useful in
implementing generalized IDM logic.

RETRIEVING TEXT

DIRECTOR. retrieves text from online files on the basis of an element identifier. As
discussed in Part 4, this identifier may be the actual file location (e.g., File D, Location
1976); or it may be a mnemonic character string, such as a word the student wants
defined.

DIRECTOR also retrieves text from special computer storage locations; for example,

it may access the contents of a Coursewriter counter or buffer for transmission to a
terminal (7).

TRANSMITTING TEXT TO CRTS

DIRECTOR transmits the text it has retrieved to the CRT. It may also transmit text
that is contained within the command for itself. For example:

(ROLL ‘PLEASE TRY AGAIN’)

will cause DIRECTOR to transmit the actual character string “PLEASE TRY AGAIN” to
the CRT without destroying the text currently there.

DIRECTOR also can transmit course programs to the CRT. For example, the
instructional programmer may want to see a portion of his course on the CRT.
DIRECTOR, operating in what is called ‘typewriter mode,” will transmit the coded
program to the CRT. The programmer may then make changes, online, to the program
itself. A sample portion of such a program is shcazias Figure 10.
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If a course is available that was written in standard Coursewriter, intended for
presentation on a typewriter (standard Coursewriter III was designed to operate with
typewriter terminals), DIRECTOR can operate in “typewriter mode,” thus allowing the
text designed for typewriter use to be presented on the CRT. While this mode of
operation does not take advantage of the capabilities of the CRT for conversational
interaction, it does allow presentation of ‘‘typewriter” courses without reprogramming
the material.

CONTROLLING POSITION OF CJRSOR AND TEXT ON CRT SCREEN

As previously discussed, the flexibility and smoothness of the conversation that
takes place on the CRT screen depends largely on the capability for manipulating the
cursor and addressing portions of the screen. Each DIRECTOR command provides an
argument for specifying cursor positioning. In addition, there is a command that provides
direct cursor control, and a command that allows for changing portions of the screen
without affecting text in the other portions.

DIRECTOR will remember where the cursor has been positioned and can also
remember the positioning of blocks that have been assigned for different purposes. For
example, when a student makes an inquiry, the answer is automatically positioned so it
does not disturb existing text on the screen. When the student is finished reading the
response to his inquiry, he presses SEND. DIRECTOR erases the text of the inquiry
response, and positions the cursor back where it was before the inquiry.

CONTROLLIMG PRESENTATION OF MATERIALS ON FILM

Visual materials on film are displayed Ly the Perceptoscope. With this device, it is
possible to display an individual frame or a moxing (any speed) sequence of frames. The
frames are addressed through cue marks in the sound track of the film. The instructions
which control the Perceptoscope are trancmitted through the CRT circuitry. These
instructions tell which frame(s) to display und at what speed. The instructions may be
prestored as part of CRT text elements (invisible to the student) or may be issued
directly by computer programs. Hence visual materials on film may be tied directly to
specific text presentations on CRT, or they may be integrated into the instructions by
the course logic programs.
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Part 7
PERSPECTIVE

MEANS VS. ENDS

The text-handling subsystem described in this report provides some of the means for
achieving the goals of effective, efficient, cost-effective training with the aid of com-
put--s. The subsystem was designed to place as few constraints as possible on CAl
rese ch, instructional strategies, course cortent, and other aspects of the way in which
the computer is used in an instructional environment. Tools such as the text-handling
subsystem may be a necessary, but certainly not a sufficient, condition for achieving
effective and efficient CAIL

The text-handling subsystem is designed to leave open such considerations as the
kinds of information that should be presented to a student via the terminal. The ‘‘text®
transmitted to the student may consist, for example, of the actual content of a lesson, an
analysis of the student’s progress to date, a prescription for further study, or a practical
exercise. The decision as to what information to transmit to a particular student at any
given point may be extremely simple or extremely complex; it may be based simply on
the student’s direct inquiry or response to a question, or on dozens of interrelated factors
involving his performance history, his aptitudes, his objectives, his style of learning, his
prior training, and so on. Clearly, these are decisions to be made by a particiular
instructicnal model.

Such tools as the text-handling subsystem, then, do not ensure effective and
efficient instruction using computers. They do, however, provide a technological base
upon which effective and efficient instruction can be built.

MEDIA

The text-handling subsystem described here centers around the use of a CRT
terminal for communication between student and computer. In the present state-of-the-
art, the CRT is one of the most versatile and dynamic media for interactive exchange of
information; therefore, at Project IMPACT, much of the development work has centered
around the use of this device.

However, the CRT is by no means the only medium for communication, either from
computer to student or vice versa. Although the CRT presently provides the primary
channels for communication, other devices are under study as well.! A film projector, the
Perceptoscope, operates under computer control in conjunction with the CRT. The
Perceptoscope is a specialized, variable-speed 16mm movie projector. It is also capable of
single-frame presentation with a fair degree of random access capability.

Typewriter devices were the first medium used for communication between com-
puter and student. Although there are many disadvantages to a typwerite: Zor some

! Devices for student-to-computer communication that are under development at Project IMPACT
are the Sylvania tablet and the voice recognition subsystem. These devices are described in Project
IMPACT—Computer-Administered Instruction: Description of the Hardware/Software Subsystem,
HumRRO Technical Report 70-22, December 1970 (2)-
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instructional uses, it is sometimes desirable to provide hardcopy to a student--for
example, a study assignment. The IMPACT system includes teletypewriters that the
student may use to get a hardcopy of the material displayed on the CRT screen. He
presses a key on the CRT keyboard that causes the teletypewriter to copy the contents
of the CRT screen.

The CRT display terminals described in this document are capable of displaying only
alphabetic and numeric characters. Plans are underway to provide a more capable and
flexible display system in the next generation IMPACT configuration. A variety of
technologies have been studied, including plasma tubes and television techniques. The
improved system will be capable of displaying graphic as well as alphanumeric materials.
Also under development is an experimental terminal capable of displaying 3-D and color
images. The text-handling sofiware described here will then be extended to take advantage
of increased display hardware capability.

FURTHER DEVELOPMENT OF THE TEXT-HANDLING SUBSYSTEM

The viability of the IMPACT approach to text handling is presently being evaluated
through experience in using it for course and IDM development. The text-handling
subsystem, and particularly DIRECTOR, is continually evolving in response to the
requizements of the developing IDMs, courses of instruction, and research studies. It is
anticipated that the approach and specific design of the text-handling and other sub-
system products will be available for use as feasible for Army testing and implementation
at appropriate schools.
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Appendix A

SUMMARY OF TEXT-HANDLING TERMINOLOGY

Note: The terms text, page, element, and block are technical text-handling terms and do not have
pedagogical implications. For example, an element or a page may or may not constitute an
instructional unit. The relationship of text sets is illustrated in Figure A-1.

Alphanumeric CRT

Argument
Block

Character String

CRT

Cursor

DIRECTOR

Nisplay

Dumntext

[.ynamic text creation

EDITOR

A cathode ray tube device designed to display a predefined
set of alphabetic, numeric, and special characters such as
punctuation, but not to display graphic illustrations pro-
duced by plotting individual points on the screen. Limited
graphics may be produced through arrangements of the
characters on the screen.

The independent variable of a function.

A feature of the Sanders 720 CRT that allows the screen
to be dividec into sections that are addressed separately.

A series of alphabetic, numeric, or special characters (e.g.,
“x yv 9 0” or “word”).

Cathode Ray Tube. This device is similar to a television
screen, and is used to communicate from computer to
student. The CRT has an associated typewriter-like key-
board through which the student communicates with the
computer.

The blinking character on the CRT sci-..« which indicates
the place where the next character will be writfon on the
screen.

Directing Text for Online Retrievai. A computer software
supervisor that contrcls the retrieval of text from text files
and the presentation of text to a student at a CRT.
DIRECTOR usuzlly operates under commands issued by
course programs.

Verb, to present text on the CRT screen.
Noun, any text displayed on a CRT screen.

A FACS report that shows a series of text elements in the
order in which they will appear in an instructional unit.

The online formulation of text material from previously
stored elements. The computer does not perform original
writing in the sense that an author does.

Entry on Disc of Instructional Text for Online Retrieval.
A set of commands used online at the CRT by members of
the couvrse develoyment team to crezte, modify, and retrieve
text elements.
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IDM

Image

Iterative development

Page

Roll On

Sanders 720 CRT

String

Text

Text creation

Text files

Text format

Text handling

Text moedification

Text positioning

Text retrieval

Basic unit of text for storage and retrieval purposes; iv may
contain one or many blocks.

File Activity Control System. A set of computer programs
which produces offline reports used in devcloping text
materials and in managing development activities.

Instructional Decision Model. The rules and strategies for
deciding what instruction to present next to an individual
student.

The principal FACS report. It shows a text element exactly
as it will appear on the CRT, plus information about th2
element.

The process by which text is improved by successive
refinements.

All the information presented on the CRT screen at one
time; it may consist of one or many elements.

Verb, to transmit an element of text to the CRT screen
without disturbing the text alreacly on the screen.
Noun, the lext element rolled onto the screen.

An alphanumeric CRT device used at Project iIMPACT. (For
further information on the Sanders 720 see HumRRO
Technical Report 70-22, December 1270 2.)

A FACS report that lists all the text elements containing a
particular word, or sequence of characters.

Any information presented tc the student by the CAI system.

Entry of newly created instruction into the computer text
files.

Computer-readable files of text material on magnetic disk or
druris or other computer storage device.

The arrangemen?t of text material on a CRT screen.

Creating, storing, maintaining, retrieving, organizing, or in
any other way manipulating the text (content) of a CAI
course during course development and course administration.

Changes to text previously entered in the computer text files.

The placeinent on the screen <f the text being presented to
the student. The cursor on the CRT points to the next text
character to be displayed.

The act of locating speciric text material (within the computer
storage) and bringing it out to the student, or author.
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Text Sets
Page X Page Y
ELEMENT 1 ELEMENT 1
BLOCK A BLOCK A
ELEMENT 2 ELEMENT 3

Figure A-1
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Distribution List

DIR OASO MANPOWER (PPEGR)

CHF DEF NUC AGCY ATTN DDC LiB BR

DIR WSEG WASH.s D.C. 20305

DIR DASD MANPDWER E RESERVE AFFAIRS

OFC DF THE ASST SEC DF DEF (MERA) ATTN SPEC ASST PDLICY SYUDIES
CDMOR FLD CDMD DEF NUC AGCY SANDIA BASE ATTN FCTG7

NASA SCI & TECH ENFD FACILITY CDLLEGE PARK MD

CINC US EURDPEAN CDMD ATTN SUPRDRT PLANS BR J3

CINC USA PACIFIC ATTN G3 CDC APD SAN FRAN 9661D

CG US ARMY JAPAN APO 96343 SAN FRAN ATTN G3

CG USA FORCES SDUTHERN CGMD ATTN SCARCD CZ

CG US ARMY EURDPE APUO 094D3 NY ATTN DPNS DIV

CG ARMY TRANS RES CDMD FT EUSTIS ATTN TECH LIB

CG USA AD CDMD ENT AFB ATTN ADGPA CDLD

CG 1ST ARMY ATTN DCSDT FT MEADE MD

CG 3RD ARMY ATTN OCSDT FT MCPHERSDN

CG SIXTH ARMY PRES DF SAN FRAN ATTN AMDPS~-TZ2

CG EUSA AYTN AG-AC APD 96301 SAN FRAN

DIR HEL APG MD

CG USA CDC EXPERIMENTATIDN CDMD FT DRD

ENGNR PSYCHOL LAB PIONEERING RES DIV ARMY NATICK LABS NATIEICK MASS
TECH LEB ARMY NATICK LABS NATICK MASS

INST DF LAND CBT ATTN TECH LIB FT BELVDIR VA

REDSTONE SCIENTIFIC INFC CTR US ARMY MSL CDMD ATTN CHF DDC SEC ALA
CD FT HUACHUCA SPT CDMD USA ATTN TE.H REF L1B

SIXTH USA LIB DEPDT BLDG M 13 14 PLES DF SAN FRAN

PLNS DFCk PSYCH HDQTRES USACDCEC -7 DRD

CG FT OURD ATTN G3 TNG DIV

DIR WALTER REED ARMY INST DF RES WALTER AEEO ARMY MED CTR
DIR WRAIR WALTER REED ARMY MED CTR ATTN NEURDPSYCHIAT DIV
CD HQ ARMY ENLISTED EVAL CTR FT BENJ HARRISDN

TECH LIB BDX 22 USALDC EXPERIMENTATION CDOMD FT DRD

HUMAN FACTORS TEST DIV (ADHZ) USAF HDSP EGLIN AFB

CD FRANKFDRD ARSNL ATTN SMUFA-N6400/202-4 PA

€TH RGN USARADCOM FT BAKER

4TH ARMY MSL COMD AIR TRANSPDRTABLE SAN FRAN

DIR ARMY BD FDR AVN ACCIDENT RSCH FYRUCKER

CO PICATINNY ARSNL DDVER N J ATTN SUMPA VCI

LIB DEF SUPPLY AGCY CAMERDN STA VA

CD USA CDC AR AGCY £T BENJ HARRISON IND

REF M MS IS NASA ALA

CD USA CBT DEVEL CDMD TRANS AGCY FT EUSTIS

CD ARMY CDC INF AGY FT BENNING

CD 2RMY CDC ARMOR AGY FY KNDX

CO 1:3 ARMY CDC AVN AGCY FT RUCKER

C SA TNG CTR (FA) ATTN AKPSITC-TT FT SILL

CG USA TNG CTR & FT LEONARD WDDD ATTN ACDFS G3

CG USA INF CTR ATTN AJIGT—-T FT BENNING

CG USA TNG CTR INF ATTN ACDFS G3 FT LIX

CG USA TNG CTR ATTN ACOFS G3 FT JACKSON

CG USA TNG CTR INF ATTN ACDFS G3 FT LEWIS

G USA TNG CTR INF & FYT CRD ATTN ACDFS G3

CG USA TNG CTR INF ATTN ACDFS G3 FT PDLK

CO USA MED TNG CTR ATTN DIk DF TNG FT SAM HDUSTON

¢G USA AD CTR ATTN G2 FT BLISS

C6 USA TNG CTR EINF ATTN ACGFS G3 FT CAMPBELL

LIB ARMY WAR CDLL CARLISLE BKS

COMDT COMD + GEN STAFF CO FT LEAVENWDRTH ATTN ARCHIVES
DIR DF MILET PSYCHDL + LDRSHP US NILIT ACAD WEST PDINY

US MLLIT ACAQ WEST POINY ATTN LIB

COMDT ARMY AVN SCH ATYN DIR DF INSTR FT RUCKER

CDMDY ARMY SECUR AGY TNG CTR + SCH FT DEVENS ATTN LIS
STIMSON LIB MED FLD SERV SCH BRDDKE ARMY MED CTR FT SAM HDUSTDN
COMDT THE ARMOR SCH ATTN DDI FT KNOX

COMDT ARMY ARMDR SCH FT KNDX ATTN WEAPDNS DEPT

COMDT USA CHAPLAIN SUH ATTN DDI FT HAMILTON

COMDT ARMY CHEM CDRPS SCH FY MCCLELLAN ATTN EDUC ADV
CDMDT USA FIN SCH ATTYN CHF DDC DEV LIT PLN DIV DDOI INO
USA FINANCE SCH FT BENJ HARRISDN ATTN EDUC ADV

COMDT ADJ GEN SCH FT BENJ HARRISDN ATTN EDUC ADV

COMOT USAIS ATTN EDUC ADv FT BENNING

COMDT USAIS ATTN AJIIS-D-EPRD FT BENNING

HQ US ARMY ADJ GEN SCH FT BENJ HARRISON AYY COMDY

LIB ARMY QM SCH FT LEE

COMDT USA QM SCH FT LEE ATTN EDUC ADV

CDMDY ARMY TRANS SCH FT EUSTIS ATTN EDUC ADV

CO USA SEC AGY TNG CTR E SCH AT™N EATEV ASCH aADv FT DEVENS
COMDT USA MIL PDLICE SCh AYTN PLNS EPROG DDOI FY GDRODN
COMDT US ARMY SDUTHEASTERN SIG SCH ATTN EDUC ADV FT GDRDDN
COMDT USA AD SCH ATTN DDI FT BLISS

CO USA ORD CTR & SCH DFC DF DPS ATTN AHBN=O APG MD

ASST CDMOT ARMY AIR DEF SCH FY BLISS ATTN CLASSF TECH LI8
CG USA FLD ARTY CTR E FT SILL ATTN AVN OF CR

CDMDY DEF INTELL SCH ATTN SItaS DEPT

CDMDT AKMED FDRCES STAFF CDLL NORFDLK

£nMnT USA SIG CTR & SCH ATTN DDI FV MONMDUTH

()  JUDGE ADVDCATE GENERALS SCH U DF VA

l: lC‘l‘.CHDT USA AVN SCH ELEMENT GA

-
O O g N T

DPTY ASST CDMDT USA AVN SCH ELEMENT GA

USA AVN SCH ELEMENT DFC DF DIR DF INSTR ATTN EDUC aQv GA
EDUC CONSLT ARMY MILIT PDLICE 5CH FV GDRDDN

CDMDT USA ENGR SCH AYTN EDUC ADV AHBBES—EA FT BELVDIR

COMDT USA SCH EURDPE ATTN EDUC ADV APO 09172 NY

DFC OF DDCTRINE DEV LIT & PLNS USA ARMUOR SCH ATTN AHBAAS-DM
CDMDT ARMY AVN SCH FT RUCKER ATTN EDUC ADV

DIR OF ENSTR US MIL ACAD WEST PGINT NY

UIR OF MILIT INSTR US MILIT ACAD WEST PDINT

USA INST FDR MIL ASSEST ATTN LIS BLDG 1572808 FT BRAGG

USA INST FDR MIL ASSEST ATTN CODUNTERINSURGENCY DEPT FT BRAGG
COMDT DEF MGT SCH FT BELVDIR

CDOMDT USA MSL E MUN CTR & SCH ATTN CHF DFC DF DPS REDSTDNE ARSNL
CDMDT US WAC SCH US WAC CTR ATTN AJMCT FT MCCLELLAN

HQ ABERDEEN PG ATTN TECK LIB

CD USA INTELL CTR E SCH ATYN DIR DF ACADEMIC DPS FT HUACHUCA
CD USA INTELL CTR & SCH ATYN DIR DF DDC E LIT FT HUACHUCA
CDMDT USA CEGSC DFC DF CHF DF RESIOENT INSTR FT LEAVENWORTH
CCMDT USA CA SC+ ATTN CFC GF DDCTRINE DEVEL LIT & PLNS FT BRAGG
CCMDT USA CA SCH ATTN DOI FT BRAGG

CJIMDT USA CA SCH ATTN EDUC ADV FT BRAGG

CUMDT USA CA SCK ATTN LIB FT BRAGG

COMDT USA SCH E TNG CTR ATTN ACDFS G3 TNG DIV FT MCCLrSLLAN
COMDT USA SCH E TNG CTR ATTN ACOFS G3 PLNS & DPS DIV FT MCCLELLAN
CDMOT USA INST FOR MIL ASSIST ATTN DDI FT BRAGG

LIBN USAIS FT BENNING

COMDT USA FLC ARTY SCH ATTN DOl FT SILL

COMDT USA ARTY SCH ATTN EDUC SERVICES DIV FT SILL

COMDT USA ARTY SCH ATTN EDUC aDv FT SILL

COMDT U.A TRANS SCH ATTN CIR CF DCGC & LIT FT EUSTIS

CDMDT USA TRANS SCH ATTN LIB FT EUSTIES

usa ENST FIR MIL ASST ATTN EDUC ADV FT BRAGG

COMDT USA CEGSC ATTN ATSCS-DJ (SPWAR)

CDOMDT ARM Q4 SCH DFC DFR OJF NDNRESID ACTVY AYTN TNG MEDIA DIV VA
COMDT USA ARTY SCH &TTh LIB FT SILL

CG USA SCH E TNG CTR ATTN ACDFS G3 FT GURDDN

DIk DF GRAD STUD E RSCH ATTN BEHAV SCI REP USACEGSC

COMDT USA AD SCH ATTN AKBAAS-DL-EA FT BLISS

COMDT USA AC SCH HIGH ALTITUDE MSL DEPY FT BLESS

DIR BRGD + BN DPNS DEPT USAIS FT BENNING

DLR CDMM ELEC USAIS FT BENNING

DIR ABN~-AIR MDEILITY OUEPT USAIS FT BEARNING

CG USA SIG CTR § SCH ATTA ATSSC~DP~CDB FT MDNMDUTH

CG USA SIG CTR & SCH ATTN ATSSC-EA FT MDNMDUTH

SECY OF ARMYs PENTAGUN

DCS-PERS DA ATTN CHF C+S DIV

DIR DF PERS STUDIES & RSCw DDCSPER DA WASH DL

ACSFOR DA ATTN CHF ¥YNG DIV WASH DC

CG U3A MAT CCMD ATTN AMCRD-TE

CHF DF ENGNRS DA ATTN ENGTE-T

HQ ARMY MAT COMD R+D DRCTE ATTN AMCRD-RC

US ARMY BEHAVIDR £ SYS RSCH LAR ATTNCRD—AR ARL VA

OPD PERS MGT DEV OFC ATTN MDS SEC (NEW €QUIP) DPDMU

F&ROVDST MARSHAL GEN DA

DIR CIVIL AFFAIRS DRCTE CDCSDPS

DFC RESERVE COMPDN DA

CG USA SEC AGCY ARL HALL STA ATTN AC DF S Gl va

ADMIN NOC ATTN: T1CA (HEALY) CAMERDN STA ALEX.+ VA. 22314
CD US ARMY MED RES LAB FT KNDX

CHF OF R+D DA ATTN CHF TECH + INOSTR LIAISON OFC

CD USA CDC MED SERV AGCY FT SAM HOUSTON

CG ARMY MED R+D CDMD ATTN MEDDH-SR

USA BEHAYEOK E SYS RSCH LAB ATTN CRO=-AIC ARL VA

CDOMDT USA CAT SURVELL SCH & TNG CYR ATT ED ADV FY HUACHUCA
COMDT USA CBT SURVEIL SCH & TNG CTR ATIN DRG DDC & NEW EQUIP aARiZ
TNG &t DEVEL DIV DDCSPERS

COMDT USA CBT SURVEIL SCH & TNG CTR ATTN 1ST CBY TNG BDE ARLZ
CAREER MGT BR ATTM R CETIENNE CAMERCN STa ALEX VA

USA LIB DIV-TAGD ATTN ASDIRS

PRES AKMY MAINT BO FT KKDX

CG CDONARC ATIN COL E M HUDAK ATIT=SA FT MDNRDE

CG CONARC ATTN ATIT~-STM FT MONRDE

CG CONARC ATTM LIB FT MONRDE

CD ARMY CBT CEVEL COMD MILEIT PDLICE AGY FT GDRDDN

USA AKCTIC TEST CTR CHF INSTR & TEST METH DIV SEATTLE

CHF USA AD hRU FT BLISS

CHFE USA ARMCR HRU FT KNCX

CHF USA AVMN HRU FT RUCKER

CHF USA ENF HRU FT BENNING

CHF USA TNG CTR HRU PRES CF MUONTEREY

CG 4TH ARMDRED Div ATTN DCSOT APD NY 09326

CO 2D ARMUREC CAV REGT T LEWIS

CD 14TH ARMORED CAV REGT ATTN AVN DFCR APD 09146 NY

CO IST BN 63RD ARMDR 1ST INF DIV ATTN S3 FT RILEY

CD 15V BN 64TH ARMDR 3RD INF DIV ATTN 53 APD NY 09031

CD 2ND BN 68TH ARMDR BTK INF DIV ATYN S3 APD NV D9034

CO CDMPaNY A 30 BN 32D ARMOR 3D ARMORED DIV APG NY

CO 3RD BN 37TH ARMOR 4TH ARMDRED DIV ATTN 53 APO NY 906



CALIF NG 40¥YH ARMORED DIV LDS ANGELES ATTN AC DF SG3
55TH CDMD HQ DIV ARMY NG JACKSONVILLE FLA
CG HQ 27TH ARMURED DIV NY AIR NG SYRACUSE
TEXAS NG 49TH ARMORED 01V DALLAS
CG ARMY ARMOR CTR FT KNGX ATTA G3 AIBKGT
CG 3RD INF DIV ATTN ACDFS G3 APD NY 09036
CG 7TH INF DIV ATT ACOFS G2 APD SAN FRAN 96207
CG BTH INF DIV ATYN ACDFS G2 APO NY Q9111
CG 4TH INF DIV (MECH) & FT CARSON ATTN ACDFS G3
DA HQS FT CARSON & HQS 4TH INF DIV {MECH) ATT MAJ HARRIS
CG B2ND ABN IHF DIV ATTA ACDFS G3 FT BRAGG
CG xVIII ABN CDRPS ATTN ACDFS G3 FT BRAGG
CD 197TH INF BRGD FT BEANING ATTN §3
CD IST BN (REINF) ATTN S3 FT MYER
CD 3RD BN 6TH 1%F REGT ATTN S3 APD NY 09742
CD 171ST INF BDE ATTN S3 APD SEATTLE 98731
CD 2ND BN 15TH INF 3RD INF DIV ATTN S3 APD NY D9D2é
CG 1ST INF DIV ~-TN ACOFS G3 FT RILEY
CD 1ST BN (MECH) 52ND INF 198TH INF BDE ATTN S3 APO SAN FRAN 96219
CO 4TH BN (MECH) S4TH INF ATTN S3 FT KNOX
CO USA PARTIC GP USN TNG DEVICE CTR FLA
CONSOL RES GP 7T+ PSYDP GP APC 9624B SAN FRAN
DA CFC OF ASST CHF OF STAFF FOR CDMM—-ELCT ATTN CETS—6 WASH
CG MILIY DI, 9F WASHINGTDN
DA USA ADV ~@ {,QNGUS) RALEIGH NC
USA RECRUITING L0 HAMPTDN VA
DIR ARMY LIB PENTAGON
STRATEGIC PLANNING GP CCRPS OF ENGNR ARMY MAP SERV
CHF DF MILIT HIST DA ATTN GEN KEF BR
CO USA LUTH SPEC FORCES GP FT DEVENS
CO 24TH ARTY GP (AD) ATTN S3 RI
CG 31ST ARTY BOE AD ATTN S3 PA
CO 49TH ARTY GP AD ATTN S3 FT LAWTON
HQS 4TH BN 59TH ARTY REGT ATTN S3 NORFOLK
CO 28TH ARYY GP AD ATTN S3 SELFRIDGE AFB
HOS 45TH 4RTY SUE AD ATTA S3 ARL HTS ILL
CG 101* +BN DIV (AIRMOBILE) ATTN ACOFS G3 APO SAN FRAN 96383
CG 1ST cCAV (AIRMOBILE) ATTN ACOFS G3 APO SAN FRAN 96383
US AR:¢ GEN EQUIP ATTN TECH LIB FT LEE
US ATFY TROPIC TEST CTR PO DRAWER 942 ATTN BEHAV SCIEN CZ
CO USAFAAC ATTN S$3 FT SILL
€6 1L COR®S & FT HOOO ATTN G3 SEC FT HOOD
30 L0 L3, ANMORED DIV ATTN G3 SEC FT HOOD
30 CG 2D ARMURED DIV ATTN G3 Sec FT HOOD
25 CO 13TH SUPT BGDE ATTN S3 SEC FT HOOD
CG USAFAC & FT SILL ATTN AKPSIGT—-TNTN
CO III CORP3 ARTY ATIN G3 SEC FT SILL
CO 1ST AIT BGDE ATTN G3 SEC FT BLISS
CG USATCI & FT POLK ATTN AKPPC-DCOT
RSCH CONTRACTS & GRANTS BR ARC
BESD ARO OFC CHF DF RED WASH CC
CHF CF RED CA ATTN SC1 INFO BR RSCH SPT DIv wasH DC
CO HQS BN USAFAC E FT SILL ATTN S3
CO Ill CORPS ARTY ATTN $3 FORT SILL
CO USRAH ATTN S3 FT SILL
CG USAFACFS ATTIN AKPSIAG-AS FY SILL
EACH PROF OF MILITARY SCI USA ROTC
CINC US ATLANTIC FLT SODE 312A USN BASE NDRFQLK
CDR TNG CDMMAND US PACIFIC FLT SAN DIEGO
TECH LIB PERS 11B BUR UF NAV PERS ARL ANNEX
DIR PERZ RES DIV BUR CF NAV PERS
TECH LIB BUR OF SHIPS CCOE 21DL NAVY DEPT
ENGNR PSYCHCL BR ONR CODE 455 ATTN ASST HEAD WASH OC
CO + ODIR NAV TNG DEVICE CTR ORLANDO ATTN TECH LIB
CO FLY ANTI-AIR wARFARE TNC SAN DIEGO
CO MUCLEAR WPNS TNG CYR PACIFIC US NAV AIR STA SAN DLEGD
CO FLT TNG CTR NAV BASE NEWPORT
CO FLEET TNG CTR US NAV STA SAN DIEGO
CLIN PSYCHOL WMENTAL HYGIENE UNIT US NAV ACAD ANNAPOLIS
PRES NAV WAR COLL NEwWPORT ATTN MAHAN LIB
CO & DIR US ATLANTIC FLT ASw TACTICAL NORFOLY
CO NUCLEAR WEAPQONS TNG CTR ATLANTIC NAV AIR $TA NORFOLK
CO FLT SDNAR SCH KEY WEST
CO FLT ANTI-SUB WARFARE SCH SAN DIEGO
CHF DF NAVL RSCH PERS & TNG BR (COOE 458) ARL va
CHF OF NAV RES ATTN HEA[L CP PSYCHOL BR €ODE 452
DIR US NAV RES LA® ATTN CQODE 5120
DIR NAVAL RSCH LAB ATTN LIB CODE 2029 WASH DC
CHF CF NAV AIR TNG TNG RES DEPYT NAV AIR STA PENSACOLA
CO MED FLQO RES LAB CAMP LEJEUNE
CDR Nav MSL CTR POINT MUGU CALIF ATTN TECH LIB CODC 3022
OIR AEROSPACE CREW EQUIP LAB NAV AIR ENGNR CTR PA
OIC NAV PERS RES ACTVY SAN DIEGO
NAv NEURDPSYCHIAT RES UNIT SAN OIEGO
NAVAL »SL CTR (CDDE 5342) PT MUGU CALIF
DIR PERS RES LAB NAV PERS PROGRAM SUPWORT ACTIVITY WASH NAV YD
NAV TNG PERS CTR NAV STA NAV YD ANNEX CODE B3 ATTA LIB WASM
COMDT MARINE CORPS HQ MARINE CORPS ATTN CODE AOC-18B
HQ MARINF CORPS ATTN X
DIR MARINE CORPS EQUC CTR MARINE CORPS SCH QUANTICO
DiR MARINE CCRPS INST ATTN EVAL UNIT
US MARINE CORPS HQS HIST REF LIB ATTN MRS JADOT
CHF OF NAV OPNS OP-O1P1
CHF DF NAVL DPS OP 037 WaSH DC
CHF OF NAV DPNS OP-0Q7TL
COMDT HJS BTH NAV DIST ATTN EDUL ADV NEW OJRLEANS
CHF DF NAV AIR TECH TNG NAV AIR STA MEMPHIS
DIR CPS EVAL GRP OFF OF CKF OF NAV OPS OPD3EG
COMDT PTP CDAST GUARD K¢
CHF DFCR PERS RES *+ REVIEW BR COAST GUARD HQ
CO US COAST GUARD TNG CTR GOVERNDRS ISLAND NY
CO US COAST GUARD TNG CTR CAPE MAY NJ
€D US COAST GUARDC TNG CYR & SUP CTR ALAMEDA CALIF
CO US COAST GUARD INST OKLA CITY DKLA
(€] CO US COAST GUAREC RES TNG CTR YORKTCWN va

E
-1

SUPT US CGAST GUARD ACAD NEW LDNDCN CONN ;

OPNS ANLS DFC HQ STRATEGIC AIR CCMD DFFUTT AFB

AIR TNG CCMD/XPT RANDCLPH AFB

TECH OIR TECH TNG DIV(HRD) AFHRL LCWRY AFB COLO

CHF SC1 DIV DRCTE SCI 4 TECH DCS R4D HQ AIR FDRCE AFRSTA

CHF CF PERS ©ES BR DRCTE OF CIVILIAN PERS DCS—PERS HQ AIR FORCE

CHF ANAL DIV (AFPDPL (R) DIR DF PERSONNEL PLANNING HQS USAF

CDR ELEC S5YS DIV LG HANSCDM FLD ATTN ESMDA/STDP 36 MASS

AFHRL/TT ATTN CAPT w S SELLMAN LCWRY AFB

HQ SAMSC (SMSIR) AF UNIT PDST OFC LA AFS CALIF

MILIT TNG CTR OPE LACKLAND AFB

AFHRL (HRT)} WRIGHT-PATTERSDN AFB

AMD AMRH BRGCKS AFB TEXAS

HQS ATC DUS/TECH TNG (ATTMS) RANDOLPH AFB

USAFA DIR OF THE LIB USAF ACAD CDLC

6570TH PERS RES LAB PRA—4 AERDSPACE MED DIV LACKLAND AFB

TECH TNG CTR (L4TC/0P-I~L1) LOWRY AFB

CD HUMaN RESOURCES LAB BROOXS AFB

COMDOT USAF SPEC OP SCH (TAC) EGLIN AFB

AFHRL (FT1 WILLIAMS AFB ARI2

PSYCHGBIOLOGY PROG NATL SC1 FOUND

OIR NATL SECUR AGY FT GED G MEADE ATTYN TDL

DIR NATL SECUR AGY FT GED G MEADE ATTN DIR OF TNG

ClA ATTN CRS/ADC STANCARD DIST

SyS EVAL DIV RES UIRECTCRATE DDD-DCD PENTAGON

DEPT DF STATE BUR 0OF INTEL ¢ RES EXTERNAL RES STAFF

SCI INFO EXChk WASHINGTON

CHF MGY & GEN TNG DIV TR 20U FAA WASH DC

BUR OF RES & ENGR US PNST OFC CFPT  ATTN CiiF HUMAN FACTORS BR

EDUC MECIA BR OFE HEW ATTIN T D CLESENS

NAT'L RBUR STANLS BEHAV SZI GP ATTN O~ 0 E ERLICK

UFC OF INTERNATL TNG PLANNING £ FvaL 3R AID WASH DC

DEPT DF TRANS FAA ACQ SEC HQ 610A WASH DC

ERIC OE WASH OC

CONSOL FED LAW ENFORCE“ENT TNG CT.X WASH DC

SYS DEVEL CORP SANTA MOKICA &TTN LB

CUNLAP + ASSOC INC DARIEN ATTN LIB

RAC ATTN LIS MCLEAN V&

RANC CCRP WASHINGTON ATTN LIB

ELECT PERS RSCH GP U CF SOUTHERN CALIF

COLUMBIA U ELEC RES L#BS ATTN TECH EDITOR

MITRE COkP BEOFDRD MASS ATTN LIB

SIMULATION ENGR CORP ATTN DIR OF ENGR FAIRFAX va

LEARNING RED CTR U OF PITTS ATTN DIR

HUMAN SCI RES INC MCLEAN va }

TECH INFO CTR ENGNR OATA SERV M AMER AVN INC COLUMBUS O ;

CHRYSLER CORP MSL DIV DETROI¥Y ATTN TELH INFO CTR

RAYTHEON SERV CU ATTN LISBN BURLINGTON MASS

GEN DYNAMICS POMDNA DIV ATIN LI8 DIV CALIF

OT1S ELEVATOR CO OIV ATTN LEIB STAMFDRD CONN

MGR BIOTECHNOLECSY AEROSPACE SYS DIV MS BH-2S BOEING CO SEATTLE i

104 RSCH & ENG SUPT DIV ARL VA .

SUi & TECH DIV IDA ARL VA
i
i

-
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HUGHES AIRCRAFT COMPANY CULVER CITY CALIF

DIR CTK FOR RES ON LEARNING ¢ TEACHING U OF MICH

EDITOR YNG RES ABSTR AMER SDC DF TNG DIRS U OF TENN

DIR CTR FGR RSCH IN SOCIAL SYS KENSINGTON MD

CANADIAN JOINT STAFF COFC OF DEF RES MEMBER WASHINGTON !
CANADIAN ARMY STAFF WASHINGTON ATTN GS02 TNG

OFC GF AKMED FCRCES ATVACHE RCYAL SWEDISH EMBSY DC

AUSTRALIAN NAV ATiACHE EMBSY OF AUSTRALIA WASH DC

OFC OF AlR ATTACHE AUSTRALIAN EMBS® ATTN: ToA. NAVGN WASHy DeCe

DR B T DOCD U DF SHEFFIELD DEPT OF PSYCHOL ENG

MENNINGER FOUNBDATION TOPEKA

AMER INSTS FOR RSCH SILVER SPRING

AMER INSTS FOR RSCH ATTN LIBN PA

OIR PRIMATE LAB UNIV OF WIS MADISQN N
MATRIX RSCH CO FALLS CHURCH VA

EDUC & TNG CONSLY (D LA CALIF

DR GEORGE T HAUTY CHMN DEf [ OF PSYCHOL U OF DEL

VITRG LABS SILVER SPRING MD ATTN LIBN

HEAD DEPT OF PSYCWOL UNIV OF SC COLUMBIA
YVA PERS STAFF_OFCR KNCXVILLE TENN

U UF GEORGIA DEPT OF PSYCKOL

GE CO WASH D C

AMER INST FOR RSCH ATTN LIB PALO ALTU CALIF
CCLL OF ARTS & SCI U OF MIAMI ATTR L L MCEVITTY |
ROWLAND ¢ CC HADOONFIELE NJ ATTIN PAES ;
QriD STATE ¥} SCH DF AVN

SCI RSCH ASSOC INC DIR DF EVAL CRICAGOD ILL -
AIRCRAFT ARMAMENTS INC COCKEYSVILLE MO

DR J B CULLEN OEPT OF SCC & ANTHROP UNIV OF RI

DREGON STATE U DEPT OF NILIT SCI ATTN ADY

AMER PSYCHOL ASSDC WASHINGTDN ATTN PSYCHOL ABSTR

WO ILL U HEAE CEPT OF PSYCHOL

GEORGIA INST OF TECH GIR SCH OF PSYCHCL :
ENGNR LIB FAIRCHILD HILLER REPUBLIC AVN DIV FARMINGDALE N Y {
LIFE SCI INC FT WORTH ATTN PRES

AMER BEHMAV SC1 CALIF

COLL CF WM + MARY SCH OF EDUC .
SO ILLINOIS U DEPT OF PSYCKHOL !
ASSOC DIR COC TNG PROG ATLANTA GA :
WASH MILITARY SYS TECH LIB 0OIV BETHESDA MO
NORTHWESTERN U DEPT OF INDSTR ENGNR

DR L TWYFDRD NY STATE ECUC OEPT ABSTRACT EDITDR AVCR
AEROSPACE SAFETY DiV U CF SOUTHERN CALIF LA

MR BRANDON B SMITH RES ASSOC U OF MINN

DR V ZACHERT RT 1 GDOC FOPE G&

J P LYOON DIR JR RDTC SAN ANTONID TEXAS

DR E FCULKE DEPT OF PSYCH UNIV OF LOUISVILLE
CHRYSLER CORP DFF ENGR ATTN DR H BERMAN DETROIT

DR S ROSCOE ASS C DIR FOR RSCH INST OF aVN U DF ILL
DR C HELM DEPT ECUC FSYCH CITY U DF NY

DR E PERKINS PROF OF PSYCH ST CLDUD STAYE €OLL MINN
MR S AILES AS$SOC OF AMER RR WASK DC
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Ww REVAN AMER ASSOC FCR ADVMNT OF SCI WASH DC
W C BIEL U OF SOUTHERN CALIF LA
DR C W BRAY BOX 424 QUOGUE LI Ny
J M CHRISTIE PRES RIGGS NATL BAKK WASH DC
DR C W CLARK VP FOR RSCH RSCH TRIANGLE INST NC
GEN H P HARRIS (USA RETV)IPRES THE CITADEL SC
DR L T RADER 1200 BUXWOOD CIR WAYNESBORO VA
DR H SHOEMAKER DIR TNG RSk GP NY
A C FURTH SOUTHN PACIFIC CO SaN CRAN
U OF MINN DEPT OF INDUST EQUC ATTN R E KUHL
VOC~TECH EDUC PROG PLANG OEV ATTN W STOCK ST PAUL
CHF PROCESSING DIV DUKE U LIB
U OF CALIF GEN LIB DOCU DEPT
FLORIDA STATE U L1B GIFTS ¢ EXCH
PSYCHOL LIB HARVARO UNIV CAMBR.OGE
U OF ILL LIB SER DEPT
U OF KANSAS LIB PERIOCICAL DEPTY
U OF NEBRASH%A LIBS ACQ NEPT
OHIO STATE U LIBS GIFT - EXCH DIV
PENNA STATE U PATYEE LIB DOCU OESK
PUROUE U LIBS PERIODICALS CHECKING FILES
STANFORO U LIBS (OCu LIB

LIBN U OF TEXAS

SYRACUSE U LIB SER DIV

SERIALS REC UNIV OF MINMN MINNEAPOLIS
STATE U OF IOWA LIBS SER ACO

NO CAROLINA STATE COLL OW HILL LIB

BOSTON * LIBS ACQ DIV

U OF MICH LIBS SER N1V

BROWN U LIB

COLUMBIA U LIBS T0CU ACQ

DIR JOINT U LIBS NASHVILLE

LIB GEQ WASH UNIV ATTN SPEC COLL DEPT WASH OC
LIB OF CONGRESS CHF OF EXCH + GIFT DIV

U OF PGH 00CU LIBN

CATHOLIC U LIB ENUC 6 PSYCHOL LIB WASH DC
U OF KY MARGARET I KING LIB

SG ILL U ATTN LIBN SER OEPT

KANSAS STATE U FARRELL LIB

BRIGHAM YOUNG U LIB SER SECT

U OF LOUISVILLE LIB BELKNAP CAMPUS
GEORGETOW~ U LIB SER OEPT WASH OC

LIBS COLO STATE U ATTN 00C LIBN FT COLLINS
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