INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While
the most advanced technological means to phatograph and reproduce this document
have been used, the quality is heavily dependent upon the quality of the original
submitted.

The following explanation of techniques is provided to help you understand
markings or patterns which may appear on this reproduction.

1. The sign or “target’’ for pages apparently lacking from the document
photographed 1s “Missing Page(s)”. If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages.
This may have necessitated cutting thru an image and duplicating adjacent
pages to insure you complete continuity.

2. When an image on the film is obliterated with a large round black mark, it
is an indication that the photographer suspected that the copy may have
moved during exposure and thus cause a blurred image. You will find a
good image of the page in the adjacent frame.

3.When a map, drawing or chart, etc., was part of the material being
photographed the photographer followed a defimte method n
“sactioning” the material, It is customary to begin photoing at the upper
left hand corner of a large sheet and to continue photoing from left to
nght in equal sections with a small overlap. If necessary, sectioning s
continued again — beginning below the first row and continuing on until
complete.

4, The majority of users indicate that the textual content is of greatest value,
however, a somewhat higher quality reproduction could be made from
“photographs” if essential to the understanding of the dissertation. Silver
prints of “photographs’”’ may be ordered at additional charge by wniting
the Order Department, giving the catalog number, title, author and
specific pages you wish reproduced.

5.PLEASE NOTE: Some pages may have indistinct print. Filmed as
received.

Xerox University Microfilms

300 North Zeeb Road
Ann Arbor, Michigan 48108



76-6755

"ELAND, Dave Ronald, 1947-
AN INFORMATION AND ADVISING SYSTEM FOR AN

AUTOMATED INTRODUCTORY COMPUTER SCIENCE
COURSE.

University of Illinois at Urbana-Champaign,
: Ph.D., 1975
Computer Science

e

t Xerox University Mlcrofllms, Ann Arbor, Michigan 48106

THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.



PLEASE NOTE:

Page 17 not received
with materials sent

by the Graduate School.
Light and broken print
throughout thesis. Best
copy available. Filmed
as received.

UNIVERSITY MICROFILMS



AN INFORMATION AND ADVISING SYSTEM FOR AN
AUTOMATED INTRODUCTORY COMPUTER SCIENCE COURSE

BY

DAVE RONALD ELAND
Oral Roberts University, 1969

Bl ,
«S., University of Tulsa, 1972

A
M

THESIS

Submitted in partial fulfillment of the requirements
for the degree of Doctor of Philosophy in Computer Science
in the Graduate College of the
University of Illinois at Urbana-Champaign, 1975

Urbana, Illinois



UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

THE GRADUATE COLLEGE

June, 1975

WE HEREBY RECOMMEND THAT THE THESIS BY

DAVE RONALD ELAND

ENTITLED_ AN INFORMATION AND ADVISING SYSTEM FOR AN AUTOMATED

INTRODUCTORY COMPUTER SCIENCE COURSE

BE ACCEPTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR

THE DEGREE OF DOCTOR OF PHILOSOPHY

/WWI‘ of Thesis Research
/ T / Head of Department

Committee on Final Examinationt

WM%/

Chairman

+ Required for doctor’s degree but not for master's,

D517




iii

ACKNOWLEDGMENTS

The author wishes to express his sincere appreciation to his
thesis advisor, Professor Jurg Nievergelt, for his guidance throughout
the course of the research reported in this thesis.

He would also like to thank the members of his thesis
comnittee: Professors H. G. Friedman, W. J. Hansen, S. R. Ray, and
B. A. Sherwood for their interest in this project. Thanks is also due
to the Department of Computer Science and the National Science Foundation
(Grant EC-41511) for their financial support.

In addition, a word of thanks must be given to Ron Danielson,
Dave Embley, and Prabhaker Mateti for their many stimulating discussions
and helpful suggestions. Special thanks is also in order to Comnie
Slovak and June Wingler for their excellent work in typing the manuscript.

Finally, the author is deeply indebted to his wife, Patricia,

for her kind understanding and support during all phases of this work.



iv

TABLE OF CONTENTS
Chapter Page
1. INTRODUCTION: o eoocesceccossseasscscessessosensasessasscsaccnscs 1
1.1 BacKZroUnAe.tesesecsersosccorscscsosanrssssossossrsasesssaces 1
1.2 Motivation for the GUIDE..eseesssccessoarssasscocessnsae I
1.3 Sample of the GUIDE's CapabilitiesS.seessseosscossscesnas 5
1.4 Research Problems Posed by the GUIDE....esceseesssasesas 18
2. DESIGN OF THE GUIDE.:eeavecooacocsssascsssssesscesassnsssasss 2L
2.1 Introduction...eeeeeceesceassssssccesesesacosascssssssas 2L
2.2 The GUIDE Databas@eeceseevevscssoronssncscsnsosssnsssens 22
2.2.1 Introduction...ieveeessescssososcsoseseccessssess 22
2.2.2 Dictionary OFf TEIMS..eeeeeseseceraceccsensencnees 26
2.2.3 State TADLeeeeveerreresesrosesnsnocsnosessssssees IO
2.2.4h Tesson Cataloge.eeecessecocsoesecssosscsessscanssss IO
2.2.5 Course OUblineS....ecoossssceessocssoonscsssnnses I
2.2.6 Student ReCOTASsecrserreesrssssnssssssscssnnsnsns I
2.2.7 COncept SPACE.ectvsassvssersssrsssssssasosssasses 9
2.2.7.1 Introduction...cevecesessccsccresscesasse I9
2.2.7.2 CONcept RECOTA:eveenrrosanronnssoansoases
2.3 The GUIDE Processing AlgOrithmSsceecesesssesssasssssnsses U7
2.3.1 INtroductioN..secscsssvosecaccrssnssoccrssescassases 4T
2.3.2 Word to Term Translator..cccececececesercsssooeas U]
2.3.3 English Translabtor...eeceeeececessescresssscesess 48

2.5."" Paraphraseroocc---nnoo.ouna-nwo.---c-u""'lDGOOO )'l'9



Chapter Page
2.3.5 Request ProcessSOr..ccceccesssrecsevssnscsscasseee 90
' 2.3,6 Response Generator..c.eccsssscessssessscroacssass DL
2.3.6.1 TList Of 1E5S0NSeeeessresvsransscesansase DL
2.3.6.2 Record DisplayBeecsssesresercessesceness 92
2.3.6.3 Graphics DisplayScessceescssessccssesees 55
2.3.6.4 Feedback RESPONSE:.scersvsssscrsssasanss O
%, PERFORMANCE OF THE GUIDE. :vcossseossoovensssssostsosooacscocose 69
3,0 TNErOAUCHEION e e e seeraesaroreesssarsassessassnsnasssesases 09
3.2 Sample Requests and the GUIDE'S ReSpONSCecscecrcccessess (2
3.2, List Oof LeSSONSersvenrervsovssrsvacscrracnssessone [2
3.2.,2 Lesson ReCOYA.verecssressssasnsssssssncsassssosee [
3.2.3 Course OUtlinE.ceceeecevsscsscevossnsscasasnassee T0
3.2.4 Student ReCOIG.eevesravovreroarrsoserrasvosssanas O
3.2.5 GrapNiCS.ceereesescrovesenseossssasessssassnssaes O
3.3 Analysis of REQUESHS veeeeervevecrcesssocssscossseasoass OL

4. KEY FEATURES OF THE GUIDE AND COMPARISON WITH OTHER
SYSI‘EMSI"III!I.I.'UU‘!I'ttiltoctlll'lllvlloclotl!l.o.boooooo 85

4.1 Concept Space and LeSSON SPACE.cccsessssesrsrecsscsoccsss 85
L.2 Natural Language.eceeosccesssecssccasssensssssssncnssnses 90
4.3 Paraphrase of Requesteeeesvsceessssasaresasssnsssnsseses 91
h.k Student Record and Course OutliN€...eescecesccanscsescss Ol
4.5 Aspects of the ImplementationN.cseceseececsescessnssesses 92
5. SUMMARY AND CONCLUSIONS. . .eeeeeseessseoseassnsensnanconnsenes O
5.2 Suggestions for Further Work.ssseeeseeeossereovossoonees 29
5.3 CONCLUSIONS st sannueessnnerorosessorsnsasssancessannans I

LIST OF REF‘EMNCES.OI.U'I.."l..l’."l...l.'l.l.'l..'l.C".ltl..l 99



vi

Chapter Page
APPENDIX A. STATE TABLE UTILIZED BY THE ENGLISH TRANSIATOR..... 104
APPENDIX Bl TERIVI INPUT CI‘ASSES ® 5 0 00 0 8P FP OB OP PG AOI BB ENYINEY PSS 105

APPENDIX C. STATISTICS ON THE GUIDE DATABASE.seveescesvsesssses 107

VITA'."IllI'l'l..'l'.!ll.'.'.ll.'l.l...l'....'.'.l‘l'...l'.l'.l 108



Figure

10,

11.
12.
13.
.
15.
16.
17.
18.
19.
20.

Sample

LIST OF FIGURES

Request for Information..eecerersoresseocrsrsosscrsannss

Concepts in the Neighborhood of "printer"....ieeeessessiences

Concepts in the Neighborhood of "input output"......eveveeess

Lessons and Concepts in the Neighborhood of "format".........

Iessons in the Neighborhood of "fortfMmt2"...ccveveveroncacens

Hierarchical Display of Lesson Space around "fortfmt2".......

Tesson Record for "fortMmbe e eeeeereceneosconoseessnsacanss

Hierarchical Display of Concept Space around "computer

SCience"a.-.-.....o....-.-o------on------..--.-----..--......

Hierarchical Display of Concept Space around "programming
concepts"lll...‘.Ollll.l-llll".l'."...lllll.l.‘.'...l.ll...

Hierarchical Display of Concept Space around "input

output'

Concepts in the Neighborhood of "input output”.......ceeev...

BlOCk Diagram Of the G{JIDE'.'...C'.‘l.!...l.ll..-l..ll'..l...

Sample
Sample
Sample
Sample
Sample
Sample
Sample

Sample

Author RecOrQseseessesnreseverorccrrsersersrssesnnnsanascs
Grammatical Word Recordessevecaseessesaccassoscsnnnces
Lesson ReCOXGeieccceesssssorsaosnnstsessaosrsscsrsassscannens
Course ReCOTdeeessssssscssosscrsersosoosssnnosossssnnsnsnse
Student RecOrdecssosevsssresorsssteceoossvctsssssssances
Concept RecOTAeccesereesoroveoncosascasonosonsscanenns
List Of LeSSONSccecesecerorscerssscessssancsassonssasens

Concept Space Neighborhood Display.ccecececsseccocasss

vii

Page

10
11

12
13

1h

15

16
17
25
29
29
31
36
4o
45
53
57



viil

Figure Page

21. TIllustration of Movement through Neighborhoods in Concept

SDBCE « v ¢ v e aeseacoetacssesasrantontoncecsasntonsessnssassesanss DO
22, Sample Concept Space Hierarchical Display.eseesecescescessseae 60
23. Sample Concept Space Mixed Mode DiSplay.eecsceesecvocssoceess DL
2. Sample Lesson Space Neighborhood DisSplay..ecececccssessecesass 02
25. Sample Lesson Space Hierarchical Displayecsccescocccerscsnees 64
26. Sample Lesson Space Mixed Mode DiSplayaseesscssccsessessnscses 65

27. Overall Structure of the GUIDE..csevevecscscvsossnvsscancsnss O



1. INTRODUCTION

1.1 Background

The computer revolution is meking itself felt in every area
of our society, and the educational world is certainly no exception.
Much of the administrative tedium associated with education is reapidly
being taken over by the computer, and the various diseiplines are
finding the computer to be a valuable (and inereasingly irreplaceable)
problem solving tool. 1In fact, the computer revolution is meking inroads
into the very process of teaching, in the form of computer managed
instruction (CMI) and computer assisted instruction (CAI).

Every revolution brings its own special set of problems, and
the educational world is faced with an unprecedented demand for courses
which provide students with an opportunity to learn about computers.

This demand is particularly noticeable at large universities such as

the University of Illinois where about 2000 students per semester are
involved in introductory computer sclence courses. Ironically, the very
movement causing this "traffic jam" may be able to help provide a
solution to the problem. While the volume in computer use has been

going up, the price has been coming down. Consequently, CAI is rapidly
becoming financially feasible. This fact has been a fundamental element
in the PIATO CAI system developed by the Computer~Based Education Resesarch

Laboratory at the University of Illinois [1].
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PIATO (an acronym for Programmed Iogic for Automatic
Teaching Operations) is & timesharing computer system designed to
support up to 1000 simultaneous users. Each user interacts with
PIATO through a terminal consisting of a keyboard and a plasma display
panel [2,3]. Input from the user is made through the keyboard which
is essentially a typewriter keyboard augmented by some special
function keys. Output to the user is presented on the plasma display
panel which produces text and line drawings (on a screen which holds 32
lines of 64 characters) with better resolution than that produced on a
typical television screen. The network of 1000 terminals is supported
by a CDC Cyber-T73 computer system which includes two CPU's (each
capable of performing one million instructions per second), 65K words
of central memory (60 bit words), two million words of Extended Core
Storage (ECS), and over 108 words of disk storage [L4].
The PLATO system has made it possible for the Department of
Computer Science to undertake the ACSES (Automated Computer Science
Education System) progect [5,6]. The main purpose of this project is
to develop a CAI system which can effectively support a significant
portion of the task of educating about 2000 students per semester in
introductory computer science courses. The essential components of
ACSES include the following:
(1) a library of instructional lessons which covers
topics on programming concepts, various programming
languages, computing techniques, and application
areas
(2) a compiler system which supports the interactive
preparation, execution, and debugging of programs

written in one of several languages [7,8,9]



(3) a communications system to manage comments
between students, instructors, and lesson
authors

(4) an exam system for the presentation, grading,
and analysis of exams [10]

(5) an information retrieval system and guide to

the library of lessons (the topic of this thesis).

1.2 Motivation for the GUIDE

One of the dominant characteristics of the lesson material
developed for ACSES is that it is quite modular in nature. There are
many reasons for thas fact: common material can be factored out and
treated thoroughly in one place; the needs of a diverse audience (from
the novice to the expert, from the casual observer to the serious
student) can be met by the same library of lessons; a student or
instructor is not constrained to work with a fixed lesson structure,
but 15 free to select the,content and lesson sequencing most appropriate
for his particular situation; the lesson material has been (and will
continue to be) contributed over a long span of time by a large number
of different authors who have many different backgrounds and are
distributed over a wide geographical area.

The ultimate scope of the ACSES project is quite broad in terms
of the amount of material developed for the system and the number of
people who would be able to utilize that material. Already the lesson
library contains over 150 lessons which are available to anyone who has
access to one of the PIATO terminals which are located both locally and

at remote geographical locations. Furthermore, plans are being made for



geveral PLIATO systems distributed throughout the country, each

capable of supporting approximetely 1000 terminels and having some
means of sharing lesson material with the other systems. (Currently,
PIATO systems are located at the University of Illinois in Urbana,
I1linois; Control Data Corporation in Minneapolis, Minnesota; and
Florida State University in Tallahassee, Florida.) Thus, there will
be potentially many thousands of people of very diverse backgrounds
and interests who might want to utilize the library of computer science
lessons.

This brings us to the problem of central inverest: the size
and complexity of the library of lessons make it very difficult for
someone to rapidly locate a particular lesson (or set of lessons) which
corresponds to his interests at a given moment in time. What is needed
is an expert advisor and reference librarian who is available to guide
people in the use of these computer science PLATO lessons. This
librarian would be intimately acquainted with the lessons and the
discipline of computer science, and would be available to guide a
student through a course he is taking, or to help someone browse
through the lesson modules, pursuing topics of interest. In addition,
the librarian would be able to assist an instructor in selecting lesson
modules that would be appropriate for a particular course of study.

The PLATO enviromment in which the ACSES system is to function
demands that this librarian be automated. A written deseription of the
lesson library could not be properly distributed and would constantly be
outdated as new lessons are added and old ones modified. It would not
be feasible to make a human librarian available during all the hours

the PIATO system is operational (essentially 24 hours a day) nor at all



the geographical locations where people would have access to a PLATO
terminal. Furthermore, a person would be uneble to meet the demands
of many simultaneous users during peak hours of use.

This thesis is a presentation of the GUIDE -- an information
system which was developed to guide people in the use of the computer
scilence librarﬁ of PLATO lessons. By typing requests in the English
language, a student can ask questions about the library of lessons,
the lessons and performance required for a particular course, past
performance in lessons previously taken, or requests for lessons on the
various topics in computer science. The GUIDE will then respond with
the desired information, or explain why the request cannot be accepted,
or ask for some feedback to help clarify the intent of the request.

In addition, the student can initiate a graphics mode of interaction
with the GUIDE which enables him to freely explore the information which
is maintained by the system. We will demonstrate that the GUIDE
successfully fulfills the role of the advisor and reference librarian

descraibed above.

1.3 Sample of the GUIDE's Capabilities

The GUIDE is a system which provides some basic tools for
structuring and retrieving information. 1In an abstract sense, the
information managed by the GUIDE is a set of objects, a set of relations
between those objects, a set of attributes possessed by those objects, and
a set of relations between those attributes. In concrete terms, the
objects described above are lessons; the relations between the lessons
are relationships like prerequisite, sequel, etc.; the attributes of the

lessons are concepts in the disecipline of computer science; and the



relations between the concepts are relationships like generic,
synonym, ete. Conceptually, this collection of information is
viewed as an abstract "information space" which a student can explore
when searching for lessons which deal with a topic he is interested
in studying. Actually, it is useful to view this information space
as a sort of "dual space": +the lessons and relations between lessons
form a "lesson space," the concepts and relations between concepts

form a "concept space,' and the two spaces are interconnected through
keywords (i.e., concepts which have been explicitly attached to a
lesson as a description of the content of that lesson).

It should be mentioned that the GUIDE functions as an
administrative tool as well as serving to assist students in finding
lessons of interest. The information structuring and retrieving
capabilities of the GUIDE can be used effectively in managing any
relatively large body of information which possesses a rich structure
of interconnections.

The following sequence of Jigures presents a hypothetical
"dialog" between a student and the GUIDE which highlights the
capabilities of the system in guiding a person on a search through

the GUIDE's information space.



Please type your request:

give me a lesson about gontrol of spacing on the printer

If I've understood things correctly, I believe you want
something specified by:

the list of keywords: printer
~-- 15 that right?

(Press NEXT to proceed, BACK to restate request)

Sorry, no lessons matching your specification were found

Assume that a search for information begins as illustrated above:
1, The GUIDE asks for the student's request.
2. The student types his request.

3. The GUIDE analyzes the request (underlining marks the progress
of the process), paraphrases it to be sure it is properly
understood, and asks whether to proceed or wait for a restate-
ment of the request.

k. The student notices that some of the important words of his
request were ignored by the GUIDE ("control" and "spacing").
Nevertheless, he decides to see what the GUIDE has on "printer"
and presses NEXT.

5. The GUIDE reports that "printer" is not used as a lesson
keyword.

6. The student observes that although no lessons were found, the
word "printer" is the name of a concept known to the GUIDE.
He decides to get a display of terms in the neighborhood of
"printer" and look for keywords which will lead him to a useful
lesson.

Figure 1. Sample Request for Information
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Having obtained a display of concepts in the neighborhood of
"pranter," the student now observes that the concept "input

output"

is an the general area of his interest. He decides to

move in that direction through the concept space by requesting a
neighborhood display with "input output" at the center.

Figure 2. Concepts in the Neighborhood of "printer"
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From this display of concepts in the neighborhood of "input output,"”
the student observes that he is not getting any closer to keywords
which seem to be in his area of interest. He decides that the
keywords in the neighborhood of "io terms" are his most promising
lead, and he selects "format.'" In order to obtain an overall
perspective of the lessons which have "format" as a keyword, he
requests a "mixed mode" display which shows both lessons and
concepts.

Figure 3. Concepts in the Neighborhood of "input output"
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This display shows all the lessons in the neighborhood of
"format," and in turn all the concepts in the neighborhood

of those lessons. The student deduces that the lesson "fortfmto"
is a promising candidate for study. He decides to take a look
at the lessons which are in the neighborhood of "fortfmt2" in

the lesson space.

Figure 4. Iessons and Concepts in the
Neighborhood of "format"
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structure around "fortfmt2," and the student requests a

hierarchical display of the lesson space for a better

perspective.

Figure 5.

Lessons in the Neighborhood of

"fortfmta"
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The student feels that he is

acquainted with the prerequasites,

and is now fully satisfied that "fortfmt2" is the lesson he
wants to study. He decides to take a look at the lesson record
just prior to leaving the GUIDE and entering the lesson "fortfmt2."

Figure 6. Hierarchical Display of Lesson
Space around "fortfmt2"
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After looking at the lesson record, the student exits from the
GUIDE and studies "fortfmt2."

Figure 7. Lesson Record for "fortfmt2"
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his area of interest.

"computer science"

"programming concepts."

Figure 8.
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From this display, the student selects "input output."

Figure 9. Hierarchical Display of Concept
Space around "programming concepts"
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CSGUIDE 1 1nput output
Concept 2 programming <onc
Space epts
3 software
H 5) 4 computer science
g
=4

g Zeneric r related
s specific Yy synonym
c containee o owner

n containor m member

denotes concepts
" denotes concepts used as keywords
what next? (active keys: 1l,c,s,e; hyn,m; r,o; BACK1 for index)

Having reached the "end of the line" in the classification tree,
the student switches to a display of all the terms ain the
neighborhood of "input output."

Figure 10. Hierarchical Display of Concept
Space around "input output"

w
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1.4 Research Problems Posed by the GUIDE

The problem of rapld translation of a request from English
to an intermediate representation for further processing has been
solved by Pradels in his doctoral dissertation [11]. Some of the
interesting research problems which remained to be solved in
implementing the GUIDE include the following:

(1) 1In order to effectively guide students who want to
explore topics of interest in the area of computer science, the GUIDE
had to be given an understanding of the discipline of computer science,
The database which was developed to provide this understanding is
called the "concept space." The design of the concept space was based
on research into methods for organizing knowledge, and techniques for
the machine representation of knowledge. 1In building the content of
the concept space, the field of computer science was thoroughly reviewed,
topics and concepts pertinent to an introductory view of computer science
were carefully selected, and the interrelationships among these concepts
were defined. Finally, techniques which made use of the graphics
capabilities of the PLATO terminal were developed for communicating
the content of the concept space to the student.

(2) The PIATO lessons in the ACSES library had to be reviewed

and cataloged for the GUIDE. The lesson catalog which was developed is

in some ways like an automated card catalog. The fact that it is autometed

makes it easier for a student to retrieve a given entry in the catalog,

'in less

and it is possible to pursue longer "chains of relationships’
time than that required by manual methods. Furthermore, the nature of
the entries in the GUIDE's "automated catalog" -- CAI lessons instead of

books -~ leads to a richer structure of interrelationships than is found
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in a typical card catalog. A conceptual view of this aspect of the
catalog was developed in which the lessons and the relations between
them are viewed as an abstract "lesson space." It turned out that

the lesson space was structurally equivalent to the concept space, and
this fact was fully exploited in applying to the lesson space the
graphics techniques which had been developed for the concept space.

(3) The possibilities of integrating an "advising function"
together with more traditional information retrieval functions was an
innovative aspect of the GUIDE. The databases which would support this
function (course outlines and student records) had to be designed and
incorporated into the GUIDE, and the mechanism to recognize and respond
to requests about past performance or specified goals was also provided.
In addition, routines were written which compare a student's
performance against the standard of performance specified in a course
outline. (These routines are invoked at the initiative of the student.)

(4) Traditional information retrieval and data management
problems had to be solved within the severe constraints of the PLATO
CAI enviromment. (A data management system was designed which supports
the entry, deletion, modification, and security of the data for the
GUIDE system.) More specifically, the data for the system had to be
represented in a manner which is conducive to processing within the
PLATO memory hierarchy (disk, ECS, central memory), and occupies less
than 8K 60 bit words. The processing algorithms are limited to 10K words
of storage and are allowed to utilize an average of less than 2 to 5
milliseconds per second of processing time (this is on the order of lO5
machine instructions per request presented to the GUIDE). By way of

contrast, typical information retrieval and data management systems
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described in the literature are often implemented on a computer

dedicated to the sole purpose of supporting that system. Relative
to the resources available to the GUIDE, these systems are able to
utilize roughly 10 - lO2 times as much central memory, and 102 - 103

times as much processing power.
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2. DESIGN OF THE GUIDE

2.1 Introduction

The design of the GUIDE provided a challenging task in
software engineering. The stringent time and space constraints of
PIATO intensified the struggle of time-space trade offs which is
inherent in a system as large and complex as the GUIDE. In addition,
the PILATO system itself has evolved considerably since the inception
of the GUIDE project. New features and capabilities of PLATO were
consistently monitored and incorporated into the GUIDE whenever an
improvement could be realized. Also, the TUTOR languege in which the
GUIDE was implemented provides few structural facilities in the areas
of data management and flow of control. Thus, it was necessary to develop
a systematic methodology for data management as well as techniques for
imposing a discipline of structured programming. The effort expended in
developing and consistently using techniques for structured programming
has already been vindicated during the implementation and debugging of the
GUIDE, and should be of immense value for the maintenance of the system.

The driving force behind the design process has been to build
a system whaich will not become a "museum piece," but will be of practical
use to people interested in the computer science PLATO lessons. This
pragmatic approaéh is characteristic of work done in the PIATO environment
where a recurring theme is "try it out and see how it works." The design

of the GUIDE has been through several iterations. Previous work by
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Murai [12] and Pradels [11] was carefully reviewed. Tentative designs
were implemented and then modified or rewritten until a workable
configuration was achieved.

The essential components of the GUIDE which have evolved from
this design process are shown in the block diagram in Figure 12.
The blocks enclosed by the dotted line represent the various areas
of the database, those outside the dotted line represent the different
processing algorithms of the system, and the solid lines and arrows
represent the flow of information. In addition to generating the final
response, the processing algorithme will also provide appropriate
feedback messages when additional information is needed to process a
request. This chapter consists of a presentation of each of the

components outlined in the diagram.

2.2 The QUIDE Database

2.2.1 Introduction

The topic of databases and data management has been receiving
a great deal of attention. This is evident in the large number of recent
publications on this topic (e.g. various ACM publications, Proceedings of
AFTPS, Proceedings of IFIPS, etc.), as well as the activity of such groups
as CODASYL (Committee on Data Systems and Languages) [13-15], the Joint
GUIDE-SHARE Data Base Requirements Group [16], and the ACM SIGMOD
(Special Interest Group on Management of Data) [17,18].

Several of the important issues and concepts emerging from
this activity have been applicable in the development of the GUIDE. For
example, the concept of data integration was a significant factor in

meking the GUIDE a workable system. In the early days of data processing,
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the typical mode of operation was for each programming application to
design and maintain its own distinet set of data. As systems become
larger and more complex, the task of managing all the different sets
of data became increasingly difficult. Eventually, there emerged the
idea of integrating all the data maintained by a system so that
essentially one copy of each data item is stored in the system, and
all applications obtain their data from this single "database." This
same phenomena occured in the evolution of the GUIDE. In the early
design stages, several distinct files of information were envisioned
for the system, such as the lesson catalog, course outlines, a
classification schedule, and the translator's vocabulary. However, the
success of the final design was dependent to a large extent on the
integration of all this data into a single database. The performance
of the GUIDE would suffer appreciably if the system were to lose the
savings in memory space and processing time which have been achieved
by utilizing an integrated database,

Another valuable concept utilized in the GUIDE system is the
idea of a subschema [15]. The schema is a description of the entire
database maintained by a system, whereas a subschema is a description
of a portion of that database utilized by a particular application.

Thig idea was applied in implementing two PIATO lessons which are
distinet from the GUIDE, but utilize information from the GUIDE database.
One of these lessons provides an index to the computer science PLATO
lessons; the otaer provides access to the course outlines. In each case,
only a portion of the entire GUIDE database is used. In actual practice,
the appropriate portion of the database is extracted, reformatted, and

stored in a separate file. Conceptually, however, this process can be
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viewed as a software mapping which maps a subset of the schema onto
a subschema. Thus, the maintenance of the data is still handled in
one place -- the database -- and the applications depend on this one
database for their data.

An important issue in any computer application is that of
data integrity. The problems in this area are compounded in a database
system, and complicated even further in a timesharing enviromment. In
the GUIDE, checks are made on new data coming into the database to be
sure that all items have valid values. Special "lock" and "unlock"
primitives were implemented to guarantee mutual exclusion; that is,
attempts to simultaneously modify the same data are blocked and access
permitted to only one user at a time. (Whereas some systems solve the
mutual exclusion problem by allowing only one user at a time to edit the
entire database, it is possible for several people to simultaneously edit
the QUIDE database. This was achieved by careful analysis of the
editing operations and identification of certain critical operations for
which mutual exclusion must be provided.) In spite of all precautions,
errors in the database will inevitably occur. Analysis routines were
written which check the internal consistency of the database and assist
in making corrections if any demage is detected.

One more item to be mentioned is the problem of security.
Many hundreds of man-hours have been invested in the construction of the
GUIDE database, and special precautions have been taken to preserve that
information. For protection against accidental damage to the database
(PLATO system crashes, bugs in new database management routines, careless
editing, etc.) a disk-file backup copy of the database is maintained at

all times, and printed hardcopy of the datebase is also produced
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periodically. TFor protection against dellberate tampering with the
database, a scheme of passwords and access keys was implemented.

Access to edit varlous areas of the database is granted on the basis

of a password entered by the user. Any attempt to systematically break

a password is recorded on a special audit trail which also records any
changes actually made to the database. In addition to the above security
measures, the PLATO system provides backup copies of files in case of a
system crash, and a password scheme provides protection against illegal
access to a PLATO file.

The construction and maintenance of the GUIDE database is
acecomplished through a special editor. The database editor handles all
entry and deletion of data, makes all appropriate interconnections
between data items, sets all internal information required for proper
storage and retrieval, and manages the allocation of memory space. In
addition, several utility routines provide for the display, analysis,

and repair of the various parts of the database.

2.2.2 Dictionary of Terms

The primary mechanism by which the database has been integrated
is through the introduction of the concept of "terms." Any word or phrase
known to the system (e.g. the lesson name "fortif" or the grammatical
phrase "do you have" or the concept "do loops") is considered to be a
term. All information known about a term is stored physically adjacent
in memory. (Thus, knowing the name of a term makes all information about
that term immediately available.) This packet of information -- a term
and everything known about it -- forms a logical "record." The different

types of terms (lesson nemes, concepts, course names, author names, and
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grammatical words) each have a different record format since the
detailed information relevant to each is different. All records are
of varieble length so that optimum space utilization can be achieved.

Terms are located in the dictionary by the method of hashing
in order to provide the fastest possible retrieval mechanism. New
terms are added at the end of currently used storage. When a term is
deleted, the memory space is reclaimed immediately by sliding up all
subsequent term records. (This operation is relatively inexpensive
because of special data movement capabilities which are available on
PIATO.) At all times, the database is in a configuration which occupies
the minimum amount of memory space -- there are no unused areas lying
around waiting for special garbage collection routines to make them
available.

Term records are arranged in memory in chronological oxder
(although any other convenient ordering -- alphabetical, or chronological
(or alphabetical) by term type, ete. -- could also be implemented simply
by changing the algorithm which selects the location where a new term
record 18 to be placed). Associated with each term is a unique number
which could be viewed conceptually as an accession number, but as a
practical matter is the location of a slot in an address table (the
record directory). This number remains invariant as long as the term
1s in the database and serves as a logical pointer to the term record.
A1l interconnections between terms are made via this term number (a
lesson record references concepts, lessons, and authors; a concept record
references lessons and concepts; author and course records reference
lessons). This technique permits references to other records to be

packed very compactly within a term record. Furthermore, records can be
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freely moved for memory menagement with no need to make any changes
at the record level -- only the record directory needs updating when
this is done.

The result of using this "term concept" is that the entire
GUIDE database (except for the state table and student record) is
simply a sequence of temm records. This makes it possible to use a
small, carefully designed set of routines to manage and utilize the
datebase (all records share the same retrieval mechanism, the same
memory menagement, etec.). Furthermore, this helps separate the physical
and logical views of the database., There i¢ no physical entity which
forms the lesson catalog, course outlines, or concept space. Rather,
these are logical entities defined by the set of lesson records, course
records, and concept records respectively.

The details of the term record formats for lessons, courses,
and concepts will be discussed in sections 2.2.4, 2.2.5, and 2.2.7.
A sample author record is shown in Figure 13. The significance of each
field of information 1s self-explanatory. The author record was
implemented to facilitate the retrieval of lessons specified by author
name.

A semple grammatical word record is shown in Figure l4. The
"name index" field is used primarily to distinguish words which are a
member of a class of terms which form an ordered set. For example, the
name index for "January" is 1, "February" is 2, etc. In the example of
Figure 14, "sequel" happens to be the second relation in the set of
relations which are defined between lessons. (The full set of relations
is discussed in section 2.2.4.) Most words simply have a value of O for

the name index. The "input categories" field is used by the English



AUTHOR RECORD

a. Author's name....se.....aland

b. Lessons wratten......... csguide
guilde
csgu1deadm
csreacords
cscomments
csrouter
csguideh
csguideut
9 csguideut2
18 csguidedat
11 csguidebu
12 plixi

O ~N VLA WN -

Figure 13, Sample Author Record

GRAMMATICAL WORD

A&, Word,.civversrrscassassSequel

b. Name index....cccveeaeos 2

c. Input categories........ 8 21
1 23
2 23
3 23
4 21
5 21
6 21
7 21
8 18
9 14

Figure 14. Sample Grammatical Word Record

29
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translator. Whereas lesson names, concepts, course names, and author
names have an input class of 1, 2, 3, or U, respectively, regardless
of the current state of the English translator, the input category of
gramatical words is a function of the current state of the translator
(there are 10 possible states, numbered O through 9). This mechanism
was introduced to handle the situation of words which have a different
meaning in a different context. (The translator is discussed in
section 2.3.3.) The input categories of all grammatical words are

documented in the Appendix.

2.2.3 State Table

The state table (shown in the Appendix) is utilized by the
English translator as it transforms the original request into an
intermediate representation for further processing. Corresponding to
each pogsible term input class and each state of the finite state
automaton which drives the translator is a table entry which determines
the next state to be entered by the automaton and the output symbol to
be generated (the output symbol becomes a part of the intermediate
representation of the original input request). There is also a special
level of confidence flag used to mark certain situations for special

processing. A discussion of the translator is presented in section 2.3.3.

2.2.4 ILesson Catalog

The lesson catalog is simply the set of all lesson records.
A sample lesson record is shown in Figure 15. The meaning of each field
of information is discussed below:
(a) "Lesson name" is the name of the lesson as known to the PLATO

system. At the present time, the name of a PLATO file may contain
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b.
c.

m.

LESSON RECORD
LesSsSon 1Mame@.....cse0e0000 . fortdo
Abstracte.cvessesssssees JFORTRAN DO Loops
Keywords:
1 FORTRAN Language 4 do loop
2 fortran 5 loop
3 do statement 6 1teration
Relationships:
1 owner 1s fortintro 4 sequel 1s fortarray2
2 prerequisite 1s fortif S more general 18 loops
3 sequel 1s fortarrayl 6 exercise for 1s somaga
Authors:
1 barta
Lesson typ@..icseeeessae.instructional
Type of exercises........drills

Level of difficulty......1intermed1ate
Expected average time....58 minutes

. Esxpected average grade...

Completion status........operational
StatusS,...ovenececsasoss. OHO
Leslist # ....c0c0nune «e .51

Figure 15. Sample Lesson Record




(b)

(e)

(a)

e

at most 10 characters, and consequently a PLATO lesson name

is not always fully descriptive of the lesson's content.

"Abstract” gives a one line abstract of the lesson. Perhaps
"title" would be a more appropriate neme for this field of
information, since the one line limit results in more of a
descriptive title than a complete abstract. Conceptually, there
is no reason why the abstract field could not be extended to a
full page of text or even more; but as a practical matter, the

one line limit is necessary due to limitations on memory space.

"Keywords" is a list of words and phrases which are descriptive
of the lesson's content. The words included in this field are
those which enable one to retrieve a lesson specified by its

subject matter.

"Relationships" is a list of relation-lesson pairs which define
the relationships that exist between this lesson and other lessons
in the lesson catalog. The interpretation of this structure as an
abstract "lesson space" is described in section 2.3.6. The full
set of possible relations is discussed below:

prerequisite~sequel: 1If lesson A contains material that should

be mastered before lesson B can be attempted, then lesson A
is a prerequisite of lesson B. For example, "fortif" is a

prerequisite of "fortdo." Conversely, "fortdo" is a sequel
of "fortif."

administrator-administratee: If lesson A provides administrative

services for lesson B, then lesson A is an administrator of
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lesson B. Conversely, lesson B is an administratee
of lesson A.

owner-member: This relationship was introduced for the purpose

of imposing an administrative structure on the library of
lessons. All of the lessons on a particular toplc are grouped
into sets containing ten to fifteen lessons. A specific
individual is then appointed the manager of a given set of
lessons. This individual fills a role much like that of

the editor of a scholarly journal, maintaining quality

control and initiating new material as necessary. A

special "entry" lesson (see field f below) is created which

is the "owner" of each lesson that is a "member" of this

set of lessons.

more general-more specific: This relates lessons which deal

with a given topic at a level which is "more general" or
"more specific" then the treatment in this lesson.

of interest-of interest from: This is a loose relationship

used to point out lessons which may be "of interest" to
someone who is interested in this lesson.

exercise for-background for: This is a relation which points

the way to lessons which provide "exercise for" the theory
of this lesson, or which provide "background for" the @

exercises in thils lesson.

"Authors" is simply a list of the authors of the lesson.

"Lesson type" indicates the nature of the lesson being described.

The different types of lessons are as follows:



(h)

(3)

(k)
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instructional: presents subject matter material

exam: provides test questions and grades responses

communication: a file for comments, bulletins, or perhaps

on-line interactive communication

administration: a lesson which provides adminigtrative

services (often a file for handling data management)
compiler: a lesson which allows one to enter and execute
programs
entry: a special administrative lesson which provides a
forum for the manager of a set of lessons to set forth
the general philosophy and special conventions of that

set of lessons

"Type of exercises" gives an indication of the interaction provided
by the lesson. TFossible values are none, drills, simulation, and

programing.
"Level of difficulty" can be introductory, intermediate, or advanced.

"Expected average time" gives an estimate of the time (in minutes)

required to complete the lesson.

"Expected average grade" is the grade expected for the lesson
(based on a scale of 100). Most lessons in the lesson catalog
do not currently evaluate student performance, and thus this field

is usually empty.

"Completion status" indicates the current level of development of

the lesson. Possible values are just started, work in progress,
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nearly complete, operational, under revision, obsolete, and

revision needed.

"Status" provides a set of flags used by the GUIDE to mark
certain lessons for special handling (for example, access to

certain lessons may be restricted to some users).

"leslist #" is the location of this lesson in an address table
maintained by the PILATO system. This address table is used by
PIATO so that references to a file can be made independent of the

actual file name.

2.2.5 Course OQutlines

A sample course outline is shown in Figure 16. The meaning

of each field of information is as follows:

(a)

(v)

"Course name" 1s the GUIDE name of the course. This name may
or may not correspond to the PLATO course in which a student is
enrolled. (In order to sign onto the PLATO system, one must be

enrolled in a PLATO course.)

"Course concepts" is a list of concepts in the concept space.

(The concept space is discussed in Section 2.2.7.) This allows

an instructor to describe a set of concepts which are relevant

to a particular course. This model of the course expressed in the
concept space could supplement the list of lessons described in
field (c¢) below, or it might be the only description of the course
known to the GUIIE. In either case, the student can locate
lessons appropriate for study by exploring the concept space (as

illustrated in Section 1.3).



36

COURSE OUTLINE
A, COUrSe NAME.ccesrsrrsscesssssnsare 8105
b. Course concepts:
1 fortran 5 arrays
2 computer arithmetic 6 1nput output
3 flow or control 7 character manipulatiorn
4 do loop 8 subprograms
< #* )esson date time grade
1 csintro 1722 19 none
2 algolingo 1,22 35 none
3 fortarith 1729 58 none
4 fortif 2/ 5 45 rione
5 loops 2712 49 none&
6 fortarrayl 2/19 59 none
7 fortdo 27206 49 none
8 fortintro 2726 19 none
9 fortarraye 3~ 5 S5 none
19 binsearch 3’12 49 rone
11 sorting 3719 45 none
12 fortfmti 4/ 2 45 none
13 fmtsim 4/ 5 58 none
14 fortsubit 4/16 44 none
15 fortsubex 4,23 1) none
16 files 4,38 35 rons
Figure 16. Sample Course Record
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(¢) This field of information gives a list of lessons and the date
by which each lesson should be completed. Essentially, this
imposes a prerequisite-sequel relation on a set of lessons.
This ordering is not constrained to match the ordering specified
in the lesson catalog, so an instructor is free to select whatever

is most appropriate for his situation.

2.2,6 Student Records

The box labeled "student record” in the block diagram of the
GUIDE in Figure 12 is deceptively simple in its appearance. In reality,
there is a great deal of machinery behind the scenes which makes that
student record available to the GUIDE. There are three aspects of the
student record for which provision had to be made: storage, collection,
and utilization of the data.

Storage: From a conceptual point of view, a student's name
could have been viewed as simply another term in the database, and at
one point in time this approach was seriously considered. However, the
overwhelming amount of data which had to be maintained precluded the
implementation of this approach (data was maintained for over 700 students
this past semester). The most logical alternative was to utilize the
storage space which the PLATO system automatically allocates to each
student registered on the system. This includes both disk storage and
storage which is available while the student is studying a lesson (both
"student" and "router" variables fall in this class; the GUIDE uses the
router variables). The drawback to this approach is that data is
maintained only for those students in PLATO courses under the control

of the Department of Computer Science. In practice, the GUIDE is utilized
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by a much broader audience. This means that for these people, the
GQUIDE is unable to answer requests which require datu from a student
record.

Collection: The collection of data for the student record
is made possible by a special "router" lesson provided by the PLATO
system. The router lesson controls the student before and after he
enters an instructional lesson, and makes it possible to store
information about what lesson was entered, how much time was spent
in it, end what grade (if any) was received. Storing data in the
router variables is quite convenient in a router lesson, and can often
be accomplished when other methods of storage will not succeed (e.g.
writing into a disk file can fail if a student has made an "abortive"
exit). This was another reason for utilizing the facilities provided
by the PLATO system.

Utilization: There are three types of utilization of the
student data.

(1) The GUIDE uses the data in responding to certain types
of requests.

(2) An administrative PLATO lesson was written which makes
the data available to an instructor. This lesson allows the instructor
to scan through all the data for his class, or to review the data
available on any particular student. (A student is also permitted to
view his own record.)

(3) It is anticipated that various analysis routines will be
written to provide cross-sectional statistics on all the data which is
available, These statistics could be used to analyze student performance
(e.g. time spent, grades achieved) as well as lesson characteristics

(e.g. average time required to complete a lesson).
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A sample student record is shown in Figure 17. The meaning

of each field of information is as follows:

(a)

(b)

(e)

"Name" is the student's neme. The GUIDE uses the same name as

used by the student in signing onto the PIATO system.

"Course" is the name of a course in the GUIDE database. If a
request does not specify a specific course, the course specified
in this field is assumed. If this field is empty, the GUIDE will
assume the appropriate course is the PIATO course in which the

student is enrolled.

This field is a list of each lesson entered by the student (in
chronological order). The data on each lesson includes the name

of the lesson, date of first entry to the lesson, date of last

entry to the lesson, number of times the lesson was entered, number
of times the student did not return to the router upon exit from

the lesson (in which case the time is not accurate, and the grade

and status may be inaccurate), total elapsed time spent in the lesson
(in minutes), a flag marking whether the lesson was properly completed,
grade received in the lesson (on a scale of 100), and a 5-bit field
of status information which can be utilized in any way deemed

appropriate for a given lesson.

2.2.7 Concept Space

2.2,7.1 Introduction

Every information retrieval system is faced with the problem

of bridging the gap between a user's perception of the subject matter and

the actual information which is stored in the system. The concept space

was introduced into the design of the GUIDE to help bridge that gap.
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STUDENT RECORD

Q. Name.----.-----o-n--c----.-n-.----.----&fﬂlth
b- cou"‘se----.-.---..---c.--.c-------..---CSlzs

Ce

»

DO NOU AW N -

lesson f-1in l-out *1n #*bad time grade stat comp
csintro 1717 1717 i "} 12 none g yes
csguilde 1717 2,23 9 b 16 none 2 no
algolingo 1,17 1,17 2 8 31 none " ves
fortarith 1,24 1,24 1 4 55 none 2 e
fort:f 2/ 3 2711 3 g 48 none g yes
cscomments 2/ 3 2723 7 I 14 none B no
loops 2/11 2711 2 g 45 none g ves
fortarray!l 2,23 2,23 t 4 52 rorie g yes

Figure 17. Sample Student Record
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The first step in providing the GUIDE with an understanding
of the discipline of computer science was to find an appropriate model
for that knowledge. The attempt to systematically organize knowledge
has a long history, and an investigation was made into some of the
bagic philosophies behind traditional library classificatlon schemes.
Three of the important approaches which have evolved in that area are
the Dewey Decimal System (based on a classification tree of subjects
arranged from general to specific), Cutter's Subject Headings (the
basis of that used in the Library of Congress, where subject headings
are assigned on the basis of a document's content, and alphabetized
listings of subjects are maintained to help locate a given topic), and
Ranganathan's faceted classification scheme (in which the fundamental
elements and facets of a subject are carefully analyzed, and then the
more complex topics are specified as combinations of these basic
elements).

In spite of the many centuries devoted to the task, no one has
yet developed a universally accepted technique for organizing a body of
knowledge for use as a library classification. Part of the reason for
this failure is probably due to the fact that these traditional approaches
are not able to fully -eflect the way knowledge is organized in the human
mind. Borden and Nelson assert that rules for knowledge classification
must come from rules generated by the human conceptual system [19].
Similarly, PFarradane argues that a sound clasgification theory must be
based on studies of the nature of knowledge and learning [20,21]. This
brings one into contact with studies in such areas as epistemology and
psychology, and some interesting ideas have emerged in ihewse areas.

Meredith expresses the idea that the cognitive structure in the mind is
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essentially a network of relations of various orders [22]. He goes on
to develop a theory about the nature of concepts based on this idea of
relations [23], and asserts that to understand a concept is to apprehend
correctly all the relations which determine its structure [24]. Shera
reflects some of these same ideas when he states that a concept is a
network or pattern of inferences, associations, and relationships [25].
Farradsne expresses the thought that a classification constitutes a
theory of the structure of knowledge [26], and he asserts that all
analysis of information for storage and retrieval should be in terms
of concepts and the relations between them [27]. ILevy presents a
thorough discussion on the actual relations between concepts which
have been proposed by Farradane and many others [28]. Vickery also
discusses many different such relations which can be defined [29].

The important point to be extracted from this discussion is
not some specific set of relations to be used in modeling knowledge, but
to observe that there is some consensus that the method of modeling
knowledge as a network built of concepts and relations is a useful
point of view. This fact is particularly emphasized in the work of
Quillian and his model of semantic memory [30], and is further
substantiated by experimental work which seems to confirm that this
is a viable model [31,32].

For the design phase of the GUIDE concept space, the basic
question to be settled was not exactly what knowledge was to be stored,
but how 1t was to be represented. The data structure which ultimately
evolved from the investigation desecribed above is simply that of an
abstract graph where the nodes of the graph are concepts and the arcs

are relations between concepts. The choice of this extremely simple
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yet powerful model was fully vindicated when it was put to use. It
was found to be adequate to incorporate the synonym dictionary, the
hierarchical classification scheme, and the term clusters which were
originally proposed as separate components of the concept space. Also,
it serves as a keyword index (holding all keywords which have been
attached to lessons) and a thesaurus (holding all subject-matter
terms known to the system and showing how they are related). Further-
more, when it was desired to build an index to the library of lessons,
the concept space already provided the necessary mechanism to do so.
And finally, it was possible to specify the structure of a course by
means of concepts rather than a listing of lessons, again simply by
utilizing the mechanisms available in the structure of the concept space.
It should be emphasized that the word "concept" is used rather
loosely. Any word or phrase which is the name of a node in the concept

space is called a "concept” -- even though a description such as "term,"

" n !

"jargon," "topic," "subgect," "index heading," etc. might be more
appropriate in certain cases.

The actual relations which have been used in building the
concept space are presented in Section 2.2.7.2. The set of relailons
described there could be readily extended if it proved desirable to do
so. In assembling this set of relations, the use of obscure types of
relations based on elaborate theories which are not universally accepted
(such as those presented by Levy [28]) was avoided in favor of using
simple relations which would be intuitively clear to the user. However,

if a universally accepted set of relations were to evolve, they could

easily be incorporsated into the structure of the concept space.
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The graphics techniques which were developed for communicating

the structure of the concept space to the user are presented in

Section 2.3.6, and a sample of the use of these techniques was shown

in Section 1.3.

2.2.7.2 Concept Record

A sample concept record is shown in Figure 18. The meaning

of each field of information is as follows:

(a)

(b)

(e)

"Concept name" is the word or phrase naming the concept.

"Lessons used in" is a list of lessons in which this concept
has been used as a keyword. This list permits the immediate

retrieval of lessons related to this concept.

"Relationships" is a list of relation-concept pairs which define
the relationships that exist between this concept and other
concepts in the concept space. The full set of possible relations

is as follows:

generic-specific: This relation is used in building a

classification of the discipline of computer science.

Items are arranged in a "classification tree," proceeding
from the general to specific as is traditionally done in
library classification schemes. In a sense, this is the
most important relation in the concept space, for it forms
what may be thought of as a "spanning tree" over the entire
graph structure which constitutes the concept space. It

is intended that by following the generic-specific relation,
one can eventually reach any neighborhood of the concept

space.
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a.
b.

CONCEP1 RECORD

Concept nane............logical design

lLessons used 1n:

1 intrologic 4 logicdrill

2 boolex 5 logicblk

3 logicflow 6 logicgate

c. Relationships:

1 synonym 15 logic design 5 specific 1s combinational ¢
1rcults

2 generic 18 hardware 6 specific 1s sequential cire
uits

3 specific 1s physical properties
7 specific 13 logical compone
nts

4 specific 1s gates

Figure 18. Sample Concept Record
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containor-containee: This relation wes introduced in order to

impose an index structure on the library of lessons. The
special concept "C S Lessons Index" has as its "containees"
the concepts which are subheadings for the index. These
concepts in turn contain listings of the lessons included
under that heading. This structure is utilized primarily
by a utility routine which extracts the index headings and
lesson listings from the GUIDE database and places them in
another data file for use by an administrative lesson which
presents the lesson index,

relsted: This relation links together two concepts which are in
some sense related. The exact nature of the relationship is
not specified.

synonym: The synonym relation indicates that two concepts are to
be congidered entirely equivalent by the GUIDE., This relation
provides the mechanism for building a synonym dictionary
within the concept space.

owner-member: This relation is used to group together clusters

of terms which are often used in a particular context., For
example, the terms "print," "line, " "page," "column, "
"carriage, " etec. tend to occur in discussions on printed
output. The purpose of these clusters is to provide a
context for terms unfemiliar to the student, and to act as
entry points into the concept space (the student may request
a lesson on some obscure term which is known to the GUIDE

but not used as a lesson keyword; the GUIDE can then direct
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the student to lesson keywords which are in the neighborhood
of his original term). Whenever possible, these term clusters
are linked into the classification tree at the appropriate
point to facilitate full exploration of the concept space.

prerequisite-sequel: This relation is used primarily in building

the model of a course which is specified by concepts rather
than by a list of lessons (see Section 2.2.5), With this

relation, an instructor is able Lo specify certain concepts
which should be mastered before subsequent concepts can be

studied.

2.3 The GUIDE Processing Algorithms

2.3.1 Introduction

In a very real sense, the GUIDE can be viewed as an information
transformation machine., The solid lines and arrows along the outside
edge of the block diagrem in Figure 12 can be thought of as a conveyor
belt along which pieces of informastion are transported. At four places
along that path (word to term translator, English translator, request
processor, and response generator) the information currently on the
conveyor belt i1s combined with additional raw materials (data from the
database) and transformed to a new form. Eventually, the final product
(the response) has been produced. The entities which perform this

"transformation” process are the GUIDE processing algorithms,

2.3.2 Word to Term Translator

The word to term translator accomplishes the task of transforming

e sequence of input words into a sequence of terms recognized by the
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system. This is done by extracting the leftmost word of an input request,
applying a hash function to that word, and looking in the hash teble in
the eppropriate location. Entries are srranged in the hash teble in

such s way that it is possible to extract from the original request the
longest possible substring which matches a term known to the system.

The progress of the translation process is communicated to the student

by underlining each term when it is found in the term dictionary. This
underlining also serves to mark groups of words which are considered to
be a single term. Words not found are also underlined and the first
letter is marked with an underscore to indicate it is not known to the

system, Words not found are simply ignored by the translator.

2.3.3 English Translator

The English translator accomplishes the task of transforming
e sequence of input terms into an intemmediate representation for further
processing. The purpose of the translator is not to make an elaborate
linguistic analysis of a request, but to assist in mapping a request
onto the proper response as quickly as possible. The translator's approach
to dealing with natural language can be likened to a person who is hard
of hearing. Even though such a person does not always "catch" all the
words someone speaks, he can usually guess the meaning of a sentence on
the basis of hrs knowledge of the general topic of conversation and the
few words he did hear clearly (including the ordering and context of
those words).

The computational model used in the translation process is that

of a nondeterministic finite state automaton. Based on the current
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state of the automaton and the input class assigned when a term is
encountered, the sppropriste entry in the state table determines any
addition to be made to the intermediate representation of the request,
and also establishes the next state to be entered by the automaton.
Each state of the sutomaton can be associsted with a partial understanding
of the request. This understanding is based on that portion of the
request which has been analyzed up to that point. If the translator
reaches a dead end in its search for a meaningful interpretation of the
request, it backs up to the previous temm and looks in the state table
for an alternative interpretation. This process is continued until all
choices are exhausted or a consistent interpretation has been found. A

camplete discussion of the translator can be found in Pradel's Ph.D.

thesis [11].

2.3.4t Paraphraser

The paraphraser produces a paraphrase of the original request
based on the intermediate representation produced by the English
translator. The purpose of this paraphrase is twofold:

(1) The student can confirm whether his request has been
properly understood by the system. If so, he can proceed to the
response, If not, he can immediately rephrase his request. (Also,
in many cases, he can deduce what caused the system to misunderstand
his request. )

(2) While the paraphrase is being reed, the GUIDE begins
immediately to work on the response. Thus, in most cases there will

not be a noticeable delay before the response can be genersated,
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Furthermore, in cases when the response hes been quickly prepared, there
will be same idle processor time while the student finishes reading the
paraphrase. This delsy will help lower the average processing time

consumed by the GUIDE,

2.3.5 Request Procesgor

The request processor accomplishes the task of transforming
the intermediate representation of a request into a specification of
the type of response to be generated. By analogy with the output of the
English translator, this specification has been called the "intermediate
form of the response." As with all phases of the GUIDE's operation,
time is of the essence. Once again, the application of some simple
heuristics have made it possible for the GUIDE to operate within s
reasonable time frame,

The heuristics used in the request processor are based on the
principle of determining as quickly as possible which area of the
database contains the answer to the original request, and what possible
response of the system will display that area of the database. In sane
cases, the request processor simply indicates to the response generator
the area of the database to be displayed (for example, the term number
of a course record). In other cases, the request processor assembles
some date from the database and passes that information to the response
generator (for example, s list of term numbers of lesson records which
match a given specification).

Probably the most time-consuming task performed by the request

processor is assembling e list of lessons which match a given specification.



This is done by starting with a list of lessons and then systematically
removing from that list all lessons which do not match the full
specification. The starting list is the union (or intersection) of all
lessons attached to the or-list (or and-list) of keywords mentioned in
the request. (An "or-list" is keywords connected by "or"; for example,
"What do you have on trees or stacks or queues?" Similary, an "and-list"
is keywords connected by "and"; for example, "Give me some lessons on
fortran and arrays.") If no keywords were used in the request, then the
list of lessons attached to the author neme specified in the request is
used. If no author name was mentioned, then the list of lessons in the
course outline or the student record is used. If none of the above
specifications have been made, then the starting list is simply the list
of all lessons in the lesson catalog., The specificetions which can be
made in a request include subject mgtter keywords, relationships to other
lessons (e.g., prerequisite), author name, course name, lesson type,

type of exercises, level of difficulty, and relative sequence (first,

next, or last).

2.3.6 Response Generstor

The response generator accomplishes the task of transforming
the intermediste form of the response into a display which can be
presented to the user, There are four basic types of response which
will be discussed below: 1list of lessons, record display, graphics -

display, and feedback message.

2.3.6.1 Iist of lessons

The response to a large number of requests presented to the

GUIDE is a list of lessons matching a given specification., For this
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response, the response generstor simply produces a listing of the name
and abstract of the lessons which have been retrieved. A sample list
of lessons found in response to the question "What do you have on

arrays?" is shown in Figure 19.

2.3.6.2 Record Displays

Record displays are genersted for lessons, courses, and students.
Examples of each type of display have already been shown in Figures 15,
16, and 17 respectively. In the original design of the response
generator, 1t was intended that most requests would receive a prose
response, For example, the request "Who wrote fortdo?" would receive
the response '"The author of fortdo is Barta." The reply to "What is
my next lesson in CS 1057" would be "Your next lesson in CS 105 is
fortif," As an intermediate step in the development toward that end,
it was decided to display the enbtire record which contzained the piece
of informagtion which had been requested. For example, the lesson record
for fortdo would be daisplayed in response to all of the following
questions: '"Tell me about fortdo," '"Who wrote fortdo," "What 1s the
expected grade for fortdo," ete., Similarly, the course record for CS 105
would be displayed as the response to questions like '"What lesson is
next in CS 105," "Give me a list of lessons for CS 105," "Is binsearch
a lesson for CS 105," ete., This approach to the response proved to be
so successful that implementation of the prose approach was abandoned.
Some of the reasons for this decision are as follows:

(1) Presentation of the full set of available information

anticipates in advance a whole sequence of potential questions, For



The lessons matchinhg your specification i1nclude:

*

NV LA WN -

Legszon Abstract

basicarray Arrays 1n BASIC

oldarray PL/I Arrays

plilarrayx  Advanced Examples of PL/I Arrays
pliarray PL/I firrays

fortarray2z Two Dimensional Arrays
fortarrayli One Dimensicnal Arrays,
aplvector APL Vectors

Figure 19. Sample List of ILessons
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example, after finding out what & given lesson is about it is likely that
one might then ask who wrote it, and then what type 1t is, and then how
long it takes, etec. With the entire lesson record already displeyed on
the screen, these questions have already been answered.

(2) It is possible to handle a large class of poorly phrased
questions ("poor" in terms of the translator's ability to understand i1t).
It 18 fairly easy to deduce one is asking for something about the lesson
"fortdo" even though exactly what is desired is unclear.

(3) Addrtions or modifications in the type of data stored
about lessons can be retrieved without changes to the translator.

(4) Each request presented to the GUIDE receives a generous
amount of information in response, Information which the student does
not want can simply be ignored. This approach is more effective than the
opposite mode of behavior where one receives only exactly what he asks
for: 1t would be difficult to keep track of all the information that
could be made available, and even more difficult to remember exactly how
to ask for it.

(5) Since a generous amount of information is given for every
request, it 1s possible to write shorter requests and still obtain the
desired information. Analysis of requests presented to the GUIDE
(discussed more fully in Section 3.3) show that students move quickly
in the direction of shorter inputs. In recognition of this trend,
shortcuts were placed in the translator which allowed a single word
(e.g., the lesson name "fortdo" or the keyword "fortran," or the

course name ''CS105") to constitute a valid request., It was observed



55

that students made generous use of this capability as soon as it was

implemented.

(6) It is possible for a small, compact set of routines to
generate the necessary responses. (In fact, it was possible to use the
seme routines as used in the database editor.) This constitutes a

significant savings in the space ccusumed by the display generation

routines.

2.3.6.3 Graphics Displays

One of the challenging research tasks in implementing the
GUIDE was the development of an effective means of communicating the
structure and content of the concept space. The network of concepts
possesses a very rich structure of interrelationships which is difficult
to describe. Fortunately, the PLATO terminal provides a graphics
capability which helped solve that problem., The adage that "a pacture
1s worth ten thousand words" reveals the principle which was utilized
in communicating the concept space to the user. The human being is a
superb information processor, and the GUIDE's problem is simply
to get that information out in a form which can be readily assimilated,

The general problem of presenting visual displays of a graph
structure is quite difficult, as evidenced in the work of Maguire [33].
However, by utilization of some appropriate heuristics, it was possible
to develop three different types of graphical displsys which help
present different points of view of the concept space: +the neighborhood,

hierarchical, and mixed mode displays.
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The neighborhood display shows the concepts which lie in the
immediate neighborhood of a given concept. It gives sort of a "worm's
eye view" or "bottom-up view" of the concept space. Figure 20 shows a
sample neighborhood display. The first circle of nodes shows the
"first generation" of concepts--those that are directly related to the
central concept of the display. The secondary circles of nodes show
the "second generation'" of concepts--those that are directly related
to the first generation concepts (and hence are two generations away
from the central concept). Exploration of the concept space can be
accomplished by requesling successive displays where the central node
in each new display has been selected from the first or second generation
of the previous display., This movement can be i1llustrated as in Figure 21
where one can envision the movement of a locus of attention gradually
over an area, as i1n moving a magnifying glass over a page. This
capability of exploring neighborhoods in the concept space deals guite
effectively with a fundamental problem identified by Ranganathan when
he said that classification amounts to mapping on a line the many
dimensaons of the universe of knowledge, and the crucial problem 1s that
the "immediate-neighborhood" relation be preserved [34]. The GUIDE is
able to extract an "immediate-neighborhood" from a multidimensional
knowledge space (the concept space, where in a sense each relation in
the space defines a new dimension) and project that neighborhood onto
a two-dimensional plane for observation,

Whereas the neighborhood display gives a sense of "distance"
in the concept space, the hierarchical display imparts a sense of

"direction," It gives sort of a 'bird's eye view" or "top-down view"
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Figure 20. Sample Concept Space Neighborhood Display
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of the concept space. Figure 22 shows a sample hierarchical display.
Basically, the merarchical mode engbles one to traverse the classification
{ree, pursuing topics by narrowing or expanding one's scope of interest.
The sense of direction imparted by the hierarchical mode is how "high"

or "low" a given concepb 1s in the classification tree, and where it is
relative to the "root'" of the tree--the concept "computer science."

The mixed mode daisplay was introduced to facilitate the graphical
presentation of the set of lessons which are attached to a given concept.
It is called "mixed" since both lessons and concepts appear in the
display. An cxample of such a display is shown in Figure 23, An
interesting interpretation of this display s that in a very real sense,
a lesson can be viewved as a relation in the concept space, providing a
Jink between various concepts. For example, in Figure 23, the concept
"do loop" has the "fortdo" relation waith the concept '"fortran.'

An extremely interesting by-product of the development of
these graphics displays was the observation that the lesson catalog
possesses a strucbure which 1s identical to that of the concept space,
From an abstract point of view, there 1s no difference bhetween concepts
which are connected by relations, and lessons which are connected by
relations., The i1dea of a "lesson space" was developed, and the graphics
capabilities were extended to include the display of lessons as well as
concepts.

A sample of a neighborhood display in the lesson space 1s shown
in Figure 24, This very useful display enables one to quickly locate
lessons which are related in some way to a given lesson, Although the

actual relations used in defining the lesson space are different from
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those in the concept space, the idea of showing neighborhoods and
exploring the space is equally applicable to both lessons and concepts.

A sample of a hierarchical display in the lesson space is
shown in Figure 25. This reveals the richer hierarchical nasture of
the lesson space due to the prerequisite-sequel structure of lessons.
The '"root"” node of the lesson space 1s the lesson 'cs" which owns all
the "entry" lessons, which in turn own the other lessons of the library
(sec the discussion of the owner-member relation in Section 2.2.4),

A mixed mode display of the lesson space is shown in Figure 26,
Again, an anteresting interpretation of this display is that a concept
can be vieved as a relation in the lesson space. For example, in
Figure 26, the lesson "fortdo" has the "iteration" relation with the
lesson '"példo."

The basic steps involved in generating the graphics displays
are as follows:

(1) The nodes to be included in the display are collected
by a breadth-first traversal of the graph structure which forms the
concept (or lesson) space, starting at the node which the user has
specified. During this process, relations which are not desired are
simply skipped. (For example, when traversing upward in the classification

"generic" relation would be included, and those

tree, nodes related by the
related by the "specafic" relation would be skipped; when traversing
dovmward, the satuation is reversed. The nodes to be ineluded in a given
traversal are indicated by setting the nth bit in a special "flag word"

if the n®h relation is desired. This "flag word" can be set by the user,

or automatically set by the GUIDE.) The traversal process is terminated
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in the neighborhood and mixed mode displays when the distance from

the starting node is equal to two, that is, when the "second
generation"” nodes have all been collected. The process is terminated
in the hierarchical display when there are no more relations to pursue,
or when 30 nodes have been encountered (the limit of 30 nodes was
selected somewhat arbitrarily on the basis of the fact that a display
with more than about 30 nodes tends to become overly cluttered).
Duraing tﬁé traversal process, the distance from the starting node is
recorded, and flags are set for eéch node indicating whether it is a
lesson or concept and whether it is a "terminal node." (A concept is
terminal 11 1t 1s related to at most one other concept; a lesson is
termanal af 1t 1s related to at most two other lessons. Terminal nodes
are marked with an underscore in the graphics display.)

(2) After all the nodes have been collected, the coordinates
for each node are computed. Tor the neighborhood and mixed mode displays,
the first generation nodes are all placed a fixed distance from the
centrai node, and cvhe second generation nodes are all a fixzed distance
from the first generation node to which they are are related. The angle
allocated to a first generation node is based on the number of other nodes
which must be plotted around it, and the angle allocated to a second
generation node 1s determined on the same basis. The more nodes to be
plotted, the smaller the angle which is available: +this leads to a
"graceful degradation' of the display when one attempts to plot too many
nodes. A dasplay which 1s too crowded can be resolved by moving to a
more sparsely populated region of the concept (or lesson) space, or by

excluding some of the relations from the display. In the case of the
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hierarchical display, the vertical coordinate is based on the level
of the node (distance from the starting node), and the horizontal
coordinate 1s based on whether a node is the first, second, or third,
etc. node encountered on that level. The vertical spacing between
nodes is equally divided among all the levels which need to be plotted,
and the horizontal spacing on a given level is determined in a similar
manner. In addition, the nodes on all even levels are offset slightly
to the left, and those on odd levels to the right in order to avoid
conflicts with nodes which have predecessors more than one level above.
(3) After the coordinates have been computed, the nodes and
arcs between them are plotted on the plasma panel. The midpoint of each
arc 1s labeled with a letter which indicates the relation which exists

between the two nodes.

2.3.6.4 Feedback Response

There are three situations in which a feedback response is
presented to the user

(1) If an ambiguous term 1s used (e.g., the word "lisp"
L8 the name of a lesson and the name of a concept), the user i1s asked
{0 clarify his intended use of the term,

(2) When the translator cannot find a valid interpretation
of the request, a message describing the problem is presented (e.g., the
message might suggest an alternative syntax for the request, or perhaps
suggest that additional information be included in the request). Quate
often, the problem is simply that a significant word of the request (e.g., a

name thought to be a valid lesson or concept) is not in the GUIDE database.
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(3) When the request processor does not have sufficient
information to process the request (e.g., there is no student record
aveilable, or the name of the course outline to consult cannot be
deduced) a message stating the problem is presented. Also, an appropriate
message 1s given when the GUIDE is unable to locate eny lessons which

match the specification given in a request.
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3. PERFORMANCE OF THE GUIDE

3.1 Introduction

The overall structure of the GUIDE is shown in Figure 27. The
title page 1dentifies the GUIDE and depicts its purpose by means of an
entertaining animation. The index page provides ready access to the
basic areas of the GUIDE and serves as a 'base of operations" in that
from nearly every place in the GUIDE, one can reach the index by a single
keypress.

The help index provides a listing of the various types of
assistance which 1s available (e.g., an explanation of the purpose of
the GUIDE, examples of typical valid requests, listings of the terms
known to the gystem, an explanation of the relations which exist in the
coricept space and lesson space, ete.). The help pages present the actual
display of that information,

The advice page presents a coamparison between a student's
record and the course outline of the course in which he is enrolled.

The "advising function" consists of highlighting any differences which
may exist. For example, the student may have spent less than the
suggested amount of time on a lesson, or achieved a lower grade than
the specified level of achievement. 1In addition, the GUIDE i1dentifies
which lesson from the course outline the student should study next.

The greatest portion of a user's interaction with the GUIDE

occurs 1n the areas of requests and responses, On the request page,
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Figure 27. Overall Structure of the GUIIE
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the student types in his question, sees the paraphrase, and receives
most of the feedback messages which might be generated. The possible
responses which can be made were discussed in Section 2.3.6.

Note that there are ample access paths between all the areas
of the GUIDE. Special mention should he made of the loop between responses.
To facilitate rapid exploration of the date which can be made available,
provision was made for the user to eliecit a sequence of responses from
the system with the fewest possible number of keypresses. After every
response has been displayed, it is possible to get a further response
by pressing just 2 or 3 keys. (The user is prampted on which actions
are avalleble so that it is not necessary to memorize which keys must
be pressed.) This feature is representative of the human engineering
factors which were considered in the design of the user interface with
the GUIDE, Extensive experience with the PLATO system has shown thst
features which make life easier for the user are a large factor in the
usefulness and success of a project.

This chapter will be devoted to examples of requests and the
responses made by the GUIDE, illustrating the broad range of requests
whach can be handled by the translator and the ability of the paraphraser
to restate the user's request. (An example of the "exploration mode"
of interaction with the GUIDE has already been presented in Section 1.3.)
Finally, an analysis of acbual student requests presented to the GUIDE

will be discussed in Section 3.3.
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3.2 ©Sample Requests and the GUIDE's Response

3.2.1 List of Lessons

A large number of the people who come to the GUIDE for help
are seeking a lesson (or a set of lessons) which matches a given
specification. The attributes which can be included in specifying a
lesson were discussed in Section 2.3.5. Some examples of typical

requests are as follows:

give me something on arrays in fortran

—— ——y ——

If I've understood things correctly, I believe you want
something specified by:

the list of keywords: array, fortran
-= 18 that right?

do you have anything on stacks deques or queues

If I've understood things correctly, I believe you want
to know whether there exists
something specified by:
the or-list of keywords: stack, deque, queue
-- 18 that right?

give me some introductory instructional material on arrays

If I've understood things correctly, I believe you want
something specified by:

the list of keywords: array

the module type: instructional

the level of difficulty: introductory
-~ is that right?
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what are the prerequisites of an exam on fortran

If I've understood things correctly, I believe you want
the prerequisites of
something specified by:
the list of keywords: fortran
the module type: exam
-=- is that right?

is fortdo on do loops

If I've understood things correctly, I believe you want
to know whether
something named fortdo is among the set of
something specified by:
the list of keywords: do loop
-= 18 that right?

i want an introductory level exam by barta

—

— —— ——

If I've understood things correctly, I believe you want
samething specified by:

the guthor name: barta

the module type: exam

the level of difficulty: introductory
-« 18 that right®

give me some practice in programming fortran

If TI've understood things correctly, I believe you want
something specified by:

the list of keywords: fortran

type of exerciges: programming
~-= is that right?
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do you have anything on lisp

HELP! There is some ambiguity here...

Please press the number corresponding to your
intended use of the word (or phrase beginning
with) "lisp"

1. lesson name

2., concept (subject matter keyword)

3. course name

4, author name

5. Other- e

is fortcomp a compiler

If I've umderstood things correctly, I believe you want
to know whether
something named fortcomp is among the set of
something specified by
the module type: compiler

The examples above illustrate the flexibility of the translator
in recognizing the intent of various forms of requests.

The request where the GUIDE asks for help shows how ambiguity
can be resolved by interaction with the student. (The word "lisp"
is used both as the name of a lesson and as the name of a concept in the
GUIDE database. The intended use of the term must be determined before
the GUIDE can deduce the proper response to be given.,) Each of these
requests would lead to a listing of lessons (as shown in Figure 19), or

to a message indicating that no lessons with the given specification

were found.
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3.2.2 Iesson Record

Questions asking for informetion about a specific lesson lead
to the display of a lesson record. The following are some exsmples of

such requests and their paraphrase:

tell me about fortdo

If I've understood things correctly, I believe you want
something named fortdo
-=- 1s that right?

give me the abstract of fortdo

If I've understood things correctly, I believe you want
the abstract of

samething named fortdo

==~ 1s that right?

how long does it take for fortdo

If I've understood things correctly, I believe you want
the schedule to achieve in

something named fortdo

-~ is that right?

what is the expected grade for fortdo

If I've understood things correctly, I believe you want
the grade required in

something named fortdo

-- ig that right?



76

fortdo

If I've understood things correctly, I believe you want
something named fortdo
-- is that right?

tell me about fortx

Sorry, your request is not clear to me. Are you
sure 1t is within the scope of requests the GUIDE
can answer -- or were significant words in your
request not in the GUIDE's vocabulary?

The last example illustrates the GUIDE's response if the
student tries to use a lesson name which is not in the database. The
response to the other questions would be a lesson record display like

that 1n Figure 15.

3.2.3 Course Outline

14

A request which requires information from a course outline
leads to the display of a course record. Requests in this category
include anything asked about the future (one's goals as specified in
a course), as well as requests explicitly mentioning a particular
course. Some examples of this type of request and their paraphrase are

shown below:

what do 1 do next for c¢slO05

If I've understood things correctly, I believe you want
something specified by:

the course: ¢s5105

it is yet to be taken

the relative sequence of: next
-~ is that right?



list the lessons in cs105

If I've understood things correctly, I believe you want
something specified by:

the course: c¢sl05
-~ 15 that raght?

do i take any advanced material by barber on fortran

before may 7

If I've understood things correctly, I believe you want
to know whether there exists
something specified by:
the list of keywords: fortran
the author name: barber
the level of dafficulty: advanced
it is yet to be taken
the time period ending: May 7
-~ is that right?

what grade should i get in fortdo

If I've understood things cnrrectly, I believe you want
the grade required in

something named fortdo

== 1s that raght?

esl05

If I've understood things correctly, I believe you want
something specified by:

the course: ¢s8105
-~ is that right?

17

e e v
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what should i do next

If I've understood things correctly, I believe you want
something specified by:
it is yet to be taken
the relative sequence of: next
~=- 15 that right?
(Press NEXT to proceed, BACK to restate request)

Course outline to consult cannot be determined --
please include the course name in your request.

The last example shows how the GUIDE responds when a course
outline 1s not available., There are three ways to deduce which course
outline to consult. (1) the i1nformation 1s explicitly stored in a
student's record, (2) the PIATO course in which the student 1s enrolled
has the same name as a course in the GUIDE database, or (3) a course
name is explicitly mentioned in the request. The other examples shown
above would lead to the display of a course outline like that shown in

Figure 16,

3.2.4 Student Record

Any requests about past performance lead to the display of a

student record. Some examples of such requests are as follows:

what did 1 do yesterday

If I've understood things correctly, I believe you want
something specified by:
it has already been taken
the tame: May 25
information 1s from your student record
-= 1s that right?



79

have 1 teken anything on fortran yet

If I've understood things correctly, I believe you want
to know whether there exists
something specified by:
the last of keywords: fortran
it has already been taken
information 1s from your student record
-=- 18 that right?

what grade did 1 get in fortdo

If I've understood things correctly, I believe you want
your grade obtained in

something named fortdo

information i1s from your student record

-- 15 that right?

how much time did i spend in fortarith

P

If I've understood things correctly, I believe you want
the schedule you achieved in

something named fortarith

information 1s from your student record

-~ 18 that right?

what did 1 do since march 23

— y—p—

ITf I've understood things correctly, I believe you want
something specified by:
1t has already been taken
the time period beginning: March 23
information 18 from your student record
-- 15 that right?

(Press NEXT to proceed, BACK to restate request)

Sorry, you have no student record available and there is
insufficient information to answer your request.

[At the present time, only students routed by

csrouter have a student record,)
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The last example illustrates the response given when the GUIDE
does not maintain data for the student who has asked the question. The
other examples would receive a student record display similar to that

shown in Faigure 17.

3.2.5 CGraphics

Most of the graphics responses are explicitly requested by the
student when he is exploring the concept space or lesson space as
1llustrated in Section 1.3. However, the GUIDE does initiate a graphics
response for requests about lessons related in some way to a given
lesson. Oraiginally, the list of lessons response was given in such
cases, but 1t was felt that the graphics response communicated a more
effective package of i1nformation, especially in the case of inquiries
about the prerequisites and sequels of a given lesson. Some examples

of this type of request are shown below:

what comes before fortdo

If I've understood things correctly, I believe you want
the prerequisites of

something named fortdo

-~ 1s that right?

what do you have like fortdo

If I've understood things correctly, I believe you want
something similar to

something named fortdo

-~ 18 that right?
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i want the sequels of the owner of fortarrayz

If I've understood things correctly, I believe you want
the sequels of

the owners of

something named fortarray?

-- 18 that right?

(Press NEXT to proceed, BACK to restate request)

No lessons having the specified relationship were found,

The last example shows the response when there are no lessons
having the specified relationship., The other requests would receive
either a hierarchical display like that in Figure 25, or a neighborhood
display as in Figure 24, depending on the nature of the relations which

were mentioned in the request.

3.3 Analysais of Requests

For a period of 9 months, a record was kept of all requests
presented to the GUIDE along with the response which was given, Over
this span of time, more than 4000 requests were recorded and analyzed.
These requests came from people registered in 77 different PILATO
courses. Of these, only 8 courses were managed by the Department of
Computer Science. However, 80% of the requests were from those in the
computer science courses. Nearly 15% of all the requests came in during
the spring semester alone from computer science students registered for
formal course work on PLATO. Thus, even though these students were
already provided with a listing of lessons which they should take, many
of them went to the GUIDE for further information about the library of
computer science PLATO lessons. A summary of the nature of the requests

which were received is shown below:
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Within domain of GUIDE.....eeeeeeeenvescsssoncenncsonssssSLP
Within translator's domain of discourse........67%
List Of Lessonsﬂ.l.l.......'..'..I....B%
LessSon RECOrd.veeeererennccoencacossss 6%
Course ReCOTdeeeeeeisececrcscncosecesslTh
Student ReCOPAseeeerossascnssnsesesess 3%
Related LeSSONS...ccscescsscesssossees 1%
Outside translator's domain of discourse.......l4%
TOO GENETBL.eseeereeecnnssovososeoenss 5%
Beyond SCODE.eevererenrssvsrvocnsnosse 6P

Mlsspelj.edounnnouc...noncnuooc.-o.uooo 2%
Other"o-lu.lioollu.c.l-..nl.llolnnl.l l%

Outside domain Of GUIDE....eeeveceeencsooacecenoncannseseldD
Other SUbJeCtSe..seesescersrasssceeses 2%
Ga.nles............o..o.n..-oa..o.o.oo-. )'"%

Test SEQUENCES..veeesvesscscesccssssss O%
CONVerSatione.seeseeeeesroccasescorees 3%
GPaLTitieeeeeereeesrovsocsccacencsanse 2%
Otherilil.l...'....l......ll....‘Olll. 2%

A request was considered to be within the domsan of the GUIDE
if 1t dealt with something in the area of computer science, or with the
other types of data mainhtained by the GUIDE. A request was counted
within the translator's domain of discourse if a1t could be handled by
the translator--including the case of requests which were not of the
proper form, but were clearly cxplained as such by an appropriete
feedback message. For example, the question "Did Barta write fortdo"
must be phrased in the form "Is fortdo by Barta' or "Was fortdo written
by Barta," and a feedback message explains that the name of a lesson
must precede 1ts specification, Questions within the translator's damain
of discourse are classified according to the type of response which

would be given. Those outside the translator's domain of discourse

include requests which were too general (for example, "What lessons
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are available, " "Let me see some of your lessons,”" "I want to see a
catalog, " and "Show me an index"), and some which went beyond the scope
of requests which the translator was originally designed to handle

(for example, "Elaborate on the differences between fortren 2 and
fortran 4 please," "What lesson am I working on," "Show me my student
record, " "How can I run a lesson," "What courses are available," and
"How 15 a computer made").

Those questions outside the domain of the GUIDE include requests
for information on other subjects (for example, "Give me some accounting
lessons, " and "What do you have in English"), and a relatively large
number of requests for games., (Thers are several recreational and
educational games implemented on PIATO which are not usually made
avallable to students enrolled in formal course work. However, the
students guickly learn sbout the existence of these games and try to
get to them.) In addition, a number of requests are simply "test
sequences" an which an individual is tinkering around and watching how
the GQUIDE responds. (The following sequence is an example: "“Exam"
"CS101l exam'" "Fortdo exam" "When do I take the fortdo exam" "Fortdo exam
when" '"When fortdo exam".) Finally, some requests are samply conversation
with the GUIDE (e.g., '"What is your name, " "How many people are on the
system tonight," "Why are you so dumb," "What time is it," and "How do
you work"), and of course there are the inevitable graffiti (e.g., "In
feet or meters how high is up," and "This statement is false").

The effort of monitoring the requests received by the GUIDE
was quite profitable, It was possible to identify additions which

needed to be made to the translator's vocabulary (e.g., the phrase
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"next lesson after" was made equivalent to "sequel"), and to note that
special provision needed to be made for requests which were too general

(a feedback message was added which directs the student to an alphsbetical
listing of the lessons known to the GUIDE). Also, it was observed that
approximately 30% of the requests received consisted of a single word,

and the translator was adjusted to recognize this as g valid form of

request,
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L, KEY FEATURES OF THE GUIDE AND COMPARISON
WITH OTHER SYSTEMS

4,1 Concept Space and Lesson Space

One of the key features of the GUIDE 1s the conceptual point
of view of an abstract information space which can be explored by a student
who is searching for some information. Some of the distinctive features
of this space are the use of a graph-thecretic model to represent the
information, the dual nature of the "concept space" and "lesson space"
within the total information space, and the graphical methods deve” ped
for daisplaying the space. This section will be devoted to a discussion
of some of the relevant literature in these areas.

The idea of an "information space’ which 1s explored in the
search of a particular item of information can be traced back to a
paper by Bush in which he postulates a "memex" machine which would be
used by a research worker to store his personal library [35]. An actual
working system which probably comes the closest to implementing these
1deas is the "augmented knowledge workshop" of Englebart [36]. By use
of a CRT display, a typewriter keyboard, a special function keyboard,
and a "mouse" (a device for moving a cursor around on the CRT dasplay
for specifying certain screen positions) an individual can rapidly
move through files of information. The predominant structure of these
files 18 herarchcal in nature, although provision is made for

cross~links which the user may wish to meke,
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An alternative to a hierarchically structured information
space was introduced by Taube an his development of coordinate
indexing [37-39]. He presented coordinate indexing as a means of
forming associations which are severed by a classification scheme, One
can view the set of all n keywords used in indexing documents as forming
an n~dimensional vector space. The content of a given document would
be specified as a vector in this space. An actual implementation of
these ideas is realized in Salton's SMART system [40]. He has exploited
the vector space analogy by introducing the usual distance metric for
such a space as a measure of the "distance'" between documents. Queries
for i1nformation are mapped onto a point in this abstract space, and
documents within an appropriate distance are retrieved as the response.
Yet another approach to the structure of an information space
formg the basis of Doyle's ideas for allowing a user to pursue associative
trails of thought while searching for documents [41,42]. He suggests
that a statistical analysis of word associations could form an association
map which would be displayed to help a user pursuve interesting avenues
of thought, ©Some graphics displays for the display of such a map are
suggested by Doyle [41] and Borko [43]. Unfortunately, such an
arrangement of terms sometimes lacks a sense of orientation, and Doyle
does not advocate that a classification approach be abandoned entirely,
sinee a classification scheme provides useful "conceptual grooves"
which help give a "sense of direction" during a laterature search. The
work of Treu is based on this idea of building an association mep [4h-L6],
The association between terms is determined in his system by an analysis

of the co-occurrence frequencies of terms within a document.
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The idea of building a machine representation of knowledge
which attempts to model the way knowledge is stored in the human mind
was introduced in Quillian's model of semantic memory [30]. The
application of this type of model was brought into the enviromment of
computer assisted instruction by Carbonell in his SCHOIAR system [47].
He developed the idea of information-structure-oriented CAL whereby an
automated instructional system is given some useful knowledge about the
domain of discourse so that it can take some initiative i1n generating
questions and responses which have not been explicitly programmed in
advance, Wexler has developed a similar ides based on building an
information net from which useful dialog can be derived on the basais
of interaction with a student [UB]. Koffman also presents a system
based on this principle of generative CAI [L9].

A point of view which corresponds to the orientation of the
GUIDE is introduced by Osan in his SMITH system [50]. His approach to
generative CAT 1s called TIRO-CAL (information-retrieval-oriented CAI).
The essential components of the database in SMITH are a set of frames,
a set of relations between the frames, and a set of topics. A frame
is a segment of text or an i1llustration which presents instructional
material. The relations between frames are the precedence relation and
the immediate successor relation which are used to specify the order
in which frames are to be presented. The topics are used for indexing
the frames by subgect matter., The indexing by topic is qualified by
a '"pedagogical qualifier" which indicates how a topic is presented in
a frame (e.g., the frame may introduce the topic, or contain necessary
material for the presentation of the topic, or give an exercise on the

topic, ete.).
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In comparison with the GUIDE, the "frames" correspond to
"lessons, " the relations between frames to the relations between lessons,
and the "topics" to "concepts.'" Whereas a frame in SMITH is a single
display, a lesson in the GUIDE is an entire instructional sequence of
displeys which requires 30-60 minutes to complete. The GUIDE has a
much richer structure of relations between lessons than SMITH has between
frames. The GUIDE has no analogue to the "pedagogical qualifier, "
although such & device could be included--it would correspond to the
"roles" which have been introduced to augment coordinate indexing [51].
The information which can be retrieved in SMITH is a list of topics on
a given frame (analogous to the GUIDE's list of concepts for a given
lesson), or a frame (or sequence of frames) on a given topic (correspcnding
to the GUIDE's list of lessons on a given concept). SMITH's information
space has far less structure than the GUIDE, having a very simple 'frame
space, " and having no relations at all between nodes in the "topic space."”

The system which is probably the closest to the GUIDE in its
gtructure and philosophy 1s that described by Brunnstein and Schmidt [52].
The system they propose is of the genre of generative CAI in some
respects, but with some important differences. Whereas the systems of
Wexler and Carbonell basically make "internal" use of the semantic
network of information which is available, Brunnstein and Sclmidt argue
that a very profitable approach i1s to give the student the information
he needs to pick his own path through the material being presented. In
other words, the system's model of knowledge for the subject being
studied should be displayed explicitly to the student rather than only

being utilized "behind the scenes." They believe that this approach
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would be valuable in helping the student form his own internalized model
of the area of knowledge which the system knows about,

Brunnstein and Schmidt propose an information network where
the nodes are units of information, and the arcs show the paths leading
from simple to more complex elements of anformation. This network would
be displayed to the user on a graphical output device like a CRT display.
The graphics displays are not dynamically generated (as they are in the
GUIDE) but are explicitly specified in advance. The authors discuss
techniques for specifying such an information network for a system, using
either interactive on~line methods, or a special-purpose language that
could be processed off-line,

In comparison with the GUIDE, the information network
corresponds to the concept space. The relations in the information
network would correspond to the generic-specific, owner-member, and
prerequisite~-gequel relations of the concept space. Movement through
the information network would be similar to that through the concept
space as one searches for a desired piece of information. There 1s no
analogue of the lesson space in their system--the information network is
in a sense a self-contained entity in that the objgects being sought
are the pieces of information which constitute the network,

The idea of a dual "lesson space" and "concept space' wherein
one can move freely between the two spaces searching for information
does not seem to be present in the literature. In general, the objects
retrieved in an information retrieval system are documents (or document

citations) and with the possible exception of the "cites-cited by"
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relation of citation indexing, the documents are not interconnected by
a set of relations like those between lessons in the GUIDE, It was not
until the advent of the PLATO system that an entire library of CAI
lessons with a rich structure of interconnections could be manipulated
in an on-line environment., Thus, the GUIDE has had a unique opportunity
in developing the idea of a "lesson space."

Certain aspects of the graphics techniques developed for the
GUIDE are also soamewhat unique among actual working systems, although
Soergel describes possible ways of plcturing relationships which
resemble the displays produced by the GUIDE [53]. A hierarchical mode
of display essentially similar to that in the GUIDE has been implemented

in several systems. Examples are the work of Thompson [54-56] and

Lymsn [57].

4.2 Natural Language

Another key feature of the GUIDE is the ability to deal with
natural language input. At one extreme in the possible approaches to
this problem is the work of those like Woods [58], Winograd [59], and
Schank [60] who have devised systems which are able to perform an
elaborate lingmastic analysis of natural language. At the other extreme
are keyword systems like that of Chai [61] which .gnore syntactic
constructs of the language and recognize only certain special system
words. Moyne argues that natural language systems based on careful
syntatic analysis are superior to simplistic keyword systems [62].
However, in a very limited domain of discourse such as that of the

GUIDE, it is possible to devise computationally efficient techniques
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which lead to an adequate understanding of a request without a complex
syntactic analysis [11]. The basis of the GUIDE's approach is a formal
model of the semantics of the domain of discourse which allows the GUIDE
to follow the user's thought process as he sequentially formulates his
request. The translation process of the GUIDE has the efficiency of a
keyword matching scheme, but the understanding of the GUIDE i1s deeper

because the keyword matching is driven by a semantic model of the domain

of discourse.

4.3 Paraphrase of Request

In an interactive enviromment, effective feedback 18 an
important component of a successful system. The method of paraphrasing
a request is a distinctive feature of the GUIDE which deals with that
issue. For most systems, the type of feedback available is "relevance
feedback" (e.g., the SMART system [4O]) whereby the system tells the
user how it interpreted his requests by showing a sample of the
informataion which was retrieved, The user then indicates what parts
of the retrieved material were relevant and the system modifies its
understanding of the request on that basis. In contrast, a semantic
model of the domain of discourse allows the GUIDE to return to the

user its understanding of his request directly.

4,4 Student Record and Course Outline

Most information retrieval systems do not maintain data which
corresponds to the GUIDE's student record and course outline. This

dats is the basis for the GUIDE's "advising functions." Probably the



closest analogue to this data is the "student model" of generative

CAI systems such as that of Koffman [49]. 1In a sense, the course
outline is the GQUIDE's model of an ideal student, while a student

record is the model of an actual student. The reporting of discrepancies
between these two models constitutes the GUIDE's advising function.
Unfortunately, the GUIDE's student model (both ideal and actual) is
somevhat weak. This is because the individual lessons of the lesson
library do not systematically or consistently evaluate the performance
of students. Without this type of data, an instructor cannot, of course,
give detailed specirfications of how a student should perform in a given
lesson (i.e., with no means of describing an actual student in detail,

the instructor has no model for describing an ideal student).

4.5 Aspects of the Implementation

One of the problems which was faced in the development of the
GUIDE was the stringent environment in which it must function. The
techniques which enabled the GUIDE to overcome this problem include the
following: ;

(1) Decisions which are difficult or time consuming to automate
were placed in the hands of the user. For example, ambiguous terms are
clarified by asking the user to indicate his intended use of the ambiguous
word or phrase; questions gbout any part of a lesson record, course
record, or student record receive the entire record in response; the
paraphrase expresses how the GUIDE has interpreted a request, and the user
can elither accept it as is or try to rephrase his request from seratch;

a "term explosion” in the attempt to find useful keywords is controlled

by the user as he selects the graphics displays he wants to see.
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(2) The algorithms used in generating the graphies displays
take advantage of simplistic techniques which do not require a great
deal of computation.

(3) The English translator which was developed for the
GUIDE [11] performs its task very rapidly.

(4) Space problems were solved by packing data as tightly
as possible. Variable length records were used, and in most cases a
field of information was just large enough to contain the maximum
possible range of values. Time problems were solved by using essentially
an inverted file for retrieving the lessons attached to a given keyword,
and both space and time were saved by representing the concept space

and lesson space graphs in the form of adjacency lists.



5. SUMMARY AND CONCLUSIONS

5.1 Summary

In Chapter 1 we described a unique educational enviromment which
has been made possible by the PLIATO CAT system and the Department of
Computer Science ACSES project, This environment has created the need
for an autometed advisor and reference librarian to help guide students
in the use of the lesson material which has been developed as a part of
ACSES. The capabilities of the GUIDE system were highlighted, and the
research problems posed by the GUIDE were discussed. ‘

In Chapter 2 the design of the GUIDE system was presented,

The major components of the database and the philosophy of its design
were discussed in detail, In addition, the major processing components
of the system were also described, and the basic interactive graphics
capabilities of the system were shown.

Chapter 3 contained extensive examples of the GUIDE's performance,
1ustrating the power and flexibilaty of the English translator, and the
ability of the paraphraser to express the intent of a student's request,

An analysis of over 3000 requests received by the GUIDE was also presented.

Finally, Chapter U4 presented some of the key features of the

QUIDE and discussed some of the relevant laiterature,
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5.2 Suggestions for Further Work

It would be difficult to say that a system like the GUIDE is
ever completely finished. There are constant changes, improvements, and
adjustments which could be made.

One useful activity would be in the area of improving the concept
space, The requests presented to the system could be monitored to
determine areas of interest and then a special effort made to improve
the structure of the concept space in those areas. If a serious sudience
could be found, it would perhaps be reagonable to let them modify the
concept space, making additions and interconnections which they felt
were appropriate (the mechanism for this was at one time present in the
system, but had to be removed because too much "graffiti'" were coming in
and cluttering the system). This would meke use of the principle
discussed by Batty that when several people analyze a subject, certain
identifiable networks of terms begin to emerge [63].

The translator could be extended to allow direct specification
of graphics displays to be shown (e.g., "show me the prerequisites,
sequels, and lessons with exercises for fortdo"). Also, additional
syntactic forms which are constantly used but not currently allowed
could be permitted.

The concept space could be enriched by adding definitions to
the concept nodes, or perhaps the concept space could be used as the
basis of an instructional lesson on the discipline of computer science.
In other words, one could use the concept space as an end in itself in
learning about computer science, rather than using 1t primarily as a

tool for retrieving lessons.




Further extensions of the graphics capabilities could be
explored, For example, one might add the ability to specify a
neighborhood to be displayed around a given set of lessons or concepts
instead of only a single given lesson or concept. Also, some work might
be done on specifying the displays in advance (as is proposed by
Brunnstein and Schmidt [52]) rather than generating the displays
dynamically. This has two advantages: (1) 1t would take less time to
plot the display, and (2) given nodes would always be shown in the same
way relative to each other, rather than having no constant spatial
relationship. However, there are two disadvantages: (1) it would take more
space to store the concept space in memory, and (2) it would take quite
a bit more time to enter data into the concept space,

The lesson space could become more "finely tuned" in its
structure as the content of the lessons begins to settle into a fairly
fixed state and the interrelationships between lessons become clear to
those in charge of managing the library. Also, a refinement of the
terms used as keywords for a given lesson would help improve the system's
ability to retrieve the proper lessons.

Work could be done in utilizing the GUIDE in different subject
aregs, JFor example, one could use the GUIDE for retrieving PIATO lessons
in other subgject areas simply by changing the content of the database,
(Work is already in progress toward adapting the GUIDE for use by the
foreign languages PIATO projects.) Also, the GUIDE could be applied
in different contexts. This past semester two students worked on a

project to use the GUIDE as an aid for retrieving books from the
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Department of Computer Science library. Basically, the only change
really necessary to the GQUIDE was to interpret a lesson record as a
"book record." The students defined their own classification tree for
the discipline of computer science, indexed several books under the
appropriate keywords, and had a retrieval system with the natural
language and graphics capsbilities possessed by the GUIDE,

The advising capabilities of the GUIDE could be enriched in
several ways. The instructional lessons could provide an evaluation of
the student's performance--perhaps at least indicate whether all areas
of the lesson have been studied. It might be reasonable to allow the
student to evaluate his own performance; for example, by ranking his
understanding of the subject of a lesson on a scale from 1 (don't
understand at all) to 7 (understand well). In the course outline, one
could provide some means for an instructor to specify '"counseling
actions"; for example, specify that in the third week of classes,
students should be shown a progress report on their performance, in

the fourth week, display a reminder of an upcoming exam, etc.

5.3 Conclusions

We have demonstrated that the GUIDE successfully fulfills
the role of the advisor and automated librarian described in Chapter 1.
By introduction of the concept space and lesson space, we have been
able to greatly enhance ‘the ability of the GUIDE to assist people in
finding the appropriate lessons., We have successfully implemented the
type of scheme postulated by Johnson wherein one is gble to move freely

in a polydimensional informstion space, pursuing vertical, horizontal,
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and oblique relationships [64]. Already, students are learning to
utilize the GQUIDE effectively, and in the future the GUIDE should be a
valuable asset in meking the ACSES project useful to anyone having access

to one of the many PLATO terminals scattered throughout the country.
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WORD

SUCCEEDING
SUMMARY
SUNDAY
TAKE

TAKEN
TEACH

TELL

TELL ™MF ABuLT
TEN

TEST

THESE

THIRD

THIRTY

THIS

THOSE

THREE
THURSDAY

TIME

70

TONAY
TOMORRNW
TONIGHT

700

TO0K

TOPIC

TO PRUGRAM
TUESHAY
TWENTY

TWICE

Twd

UNTIL

waANT

WAS

WEDNESDAY
WELL
WENT
WHAT
WHAT
WHAT
wHAT
WHAT
WHAY
WHAT
WHAT
HWHAT
WHEN
WHERE DO
WHO

wHY
WITHAUT
WORSE
WORST
WOULD LIKE
YEAR
YESTERDAY
YOU ARF
YOU CAN
YOU HAVE

THROVGH

ARE
CAN
1D
0o

El SE
HAVE
1s
SHOULU
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STATISTICS ON THE GUIDE DATABASE

LesSSONS.cesessesass
ConceptsSeeeeaeers ceesnes
CoursesS.:eeecs.
AubhorsSiseesesccesennesas
Grammatical words...

TOTAL

e s v 0 000

Lesson interconnections:

# records

152
740
8
5k
230

1184

# memory words # words/record

1412 9.3
2820 3.8
99 12.4
125 2.3
TLT 3.1
5173 b4

Concept interconnections:

keywords links to other lessons
16 JP 12 Oiecne Lo
l.....12 l1.....40
= 36 Qernan 20
Breees 31 Bueeeddl
heeo'odl5 hooouddl
Bevene 27 Sceces T
6.00ell Beveas 11
Tevens 6 Teeaee 3
8.evuo 2 Biven 1
9..0'0 2 9!.!" 2
1lieees 1
3.3 keywords/ 16,0000 1
lesson 17eeees 1

2.5 links/lesson

lessons links to other concepts
Ovevas 616 Ocenne 499
Leaeas 43 lovue, 176
- DR 18 Derune 13
Brrees 13 300000 15
beaveo 10 beioou 10
Seeees 6 Sesass 6
Beovana T 6..... 10
Teaeus T Teoons L
8..... 5 8..c.. 1
ST 3 P 1
100e0s. 4 10s00e. 2
11.. 2 1leeans 2
120000, 1 18..... 1
1 TR 1
16..... 1 0.63 links/concept
1Teeees 1
19..... 1
2l...n. 1

0.69 lessons/keyword
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